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Farm dust and endotoxin protect
against allergy through A20 induction
in lung epithelial cells

Martijn J. Schuijs,”>* Monique A. Willart,">* Karl Vergote,"”> Delphine Gras,>
Kim Deswarte,"> Markus J. Ege,* Filipe Branco Madeira,"> Rudi Beyaert,”>¢
Geert van Loo,>® Franz Bracher,” Erika von Mutius,* Pascal Chanez,>

Bart N. Lambrecht,>%t+ Hamida Hammad»2t1

Growing up on a dairy farm protects children from allergy, hay fever, and asthma. A mechanism
linking exposure to this endotoxin (bacterial lipopolysaccharide)-rich environment with
protection has remained elusive. Here we show that chronic exposure to low-dose endotoxin or
farm dust protects mice from developing house dust mite (HDM)-induced asthma. Endotoxin
reduced epithelial cell cytokines that activate dendritic cells (DCs), thus suppressing type 2
immunity to HDMs. Loss of the ubiquitin-modifying enzyme A20 in lung epithelium abolished
the protective effect. A single-nucleotide polymorphism in the gene encoding A20 was
associated with allergy and asthma risk in children growing up on farms. Thus, the farming
environment protects from allergy by modifying the communication between barrier epithelial

cells and DCs through A20 induction.

llergic asthma is characterized by eosinophil-

ic airway inflammation, goblet cell metapla-

sia, and bronchial hyperreactivity (BHR) and

is controlled by innate and adaptive immune

responses to inhaled allergens such as house
dust mites (HDMs), pollen, and fungal spores that
signal via pattern recognition receptors (PRRs)
on barrier epithelial cells (ECs) and dendritic cells
(DCs) (1, 2). In children, allergic sensitization and
asthma are strongly influenced by genes and the
environment. A dairy farm is one of the strongest
protective environments (3-6). On farms, there is
high-level exposure to endotoxin [lipopolysaccha-
ride (LPS)], a cell wall component of Gram-negative
bacteria. The protective effect that high levels of en-
vironmental endotoxin demonstrate against allergy
has also been noticed in nonfarming households,
where exposure was measured in dust collected
from mattresses or kitchen floors (7-9). Protection
in these environments is influenced by genetic poly-
morphisms in key PRRs that recognize endotoxin
(10). A clear mechanism encompassing the complex
interactions between a protective environment, ge-
netics, and the immune response to allergens has
been lacking.
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To address whether exposure to environmental
endotoxin and protection from allergy are caus-
ally related, we exposed mice every other day for
2 weeks to a low dose (100 ng) of LPS or to control
phosphate-buffered saline (PBS) before HDM sen-
sitization and challenge (Fig. 1A) (see supplemen-
tary materials and methods). Sham-protected mice
exhibited strong airway eosinophilia and lympho-
cytosis (Fig. 1B), T helper 2 (Ty;2)-dependent HDM
allergen-specific immunoglobulin E (IgE) (Fig. 1C),
and BHR to methacholine (Fig. 1D). However, mice
pretreated with LPS failed to develop all of these
canonical asthma features. Protective LPS led to
reduced production of the type 2 cytokines inter-
leukin (IL)-5 and IL-13 in mediastinal lymph
node (MLN) cells (Fig. 1E), without a shift to Ty1-
or Ty17-associated cytokines or to Tyl-dependent
serum immunoglobulin G2a (IgG2a) antibodies
(Fig. 1, Cand E). All of the key asthma features were
also suppressed when a single high dose (1 ug) of
LPS was given as a preventive regimen 14 days be-
fore sensitization (fig. S1, A to E), as well as
when chronic low-dose LPS was given before and
throughout the entire HDM sensitization and
challenge period (fig. S1, F to I).

Sensitization to HDMs depends on various DC
subsets that migrate to the MLNs to prime CD4 T
cell responses (11, 12). When PBS-treated control
mice were exposed to a single dose of HDM,
CD11b* conventional DCs (cDCs), CD103* ¢DCs, and
monocyte-derived DCs (moDCs) were recruited to
the lungs and MLNs (Fig. 2A). In mice receiving
preventive LPS, there was less HDM-induced
recruitment of both subsets of ¢cDCs, whereas
moDCs were unaffected (Fig. 2A). cDCs that mi-
grate to the MLN cells induce T2 polarization
in HDM-reactive naive T cells (12). To study the
primary immune response to HDMs, we adop-
tively transferred CD4*" HDM-specific 1-DER
T cells [that express a transgenic T cell receptor
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