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Letter to the Editor
Involvement of apoptosis signal-regulating kinase-1 in house dust mite-
induced allergic asthma in mice
Dear Editor,

Allergic asthma is a complex disease characterized by eosino-
philic airway inflammation, mucus hyperproduction, and revers-
ible airway obstruction.1 The presence of house dust mites (HDM)
is a major environmental factor associated with the pathogenesis
of allergic asthma. A previous study reported that HDM allergens
can be recognized by Toll-like receptor 4 (TLR4) on airway epithe-
lial cells, thereby triggering the production of epithelial cell-
derived cytokines, such as IL-25, IL-33, and thymic stromal lympho-
poietin (TSLP), which induce the cardinal features of asthma.2 The
HDM allergen Der p2 structurally and functionally mimics myeloid
differentiation-2 (MD-2), which is a lipopolysaccharide (LPS)-bind-
ing component of the TLR4 signaling complex.3 Furthermore, we
have previously reported that MD-2 is highly expressed in lung
vascular endothelial cells and increases in the serum during the
amplification process of HDM sensitization in an animal model of
asthma.4 Thus, the TLR4/MD-2 complex might be critical for
HDM-induced asthma. However, little is known about the down-
stream regulators of TLR4, which are involved in HDM-induced
allergic asthma.

Apoptosis signal-regulating kinase 1 (ASK1) is a conserved
mitogen-activated protein 3 kinase that activates both Jnk and
p38 mitogen-activated protein kinases and is involved in cyto-
kine- and oxidative stress-induced apoptosis, differentiation,
and inflammation.5 A previous study reported that TLR4 ligand
(LPS)-mediated intracellular reactive oxygen species (ROS) acti-
vate the ASK1/p38 pathway and induce septic shock.6 Based on
this report, we hypothesized that ASK1 is a downstream molecule
of TLR4 involved in the regulation of HDM-induced allergic
asthma.

To investigate whether ASK1 is involved in HDM-induced
allergic asthma, we used ASK1-deficient (ASK1�/�) mice (C57BL/
6 background) and assessed asthma-like phenotypes, such as
eosinophilic recruitment and mucus hyperproduction in the
airway. We used 6 to 8-week-old male C57BL/6J wild-type (WT)
mice (Charles River Laboratories Japan, Yokohama, Japan) as con-
trols. All protocols were approved by the Animal Care and Use
Committee at Nihon University School of Medicine. The WT and
ASK1�/� mice were intratracheally exposed to HDM [Dermatopha-
goides pteronyssinus at 100 mg/mouse/treatment (GREER Labora-
tories, Lenoir, NC, USA)] or phosphate-buffered saline (PBS) as
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control on days 1, 8, and 15. We collected bronchoalveolar lavage
fluid (BALF) with 1 ml of PBS and lung tissues on day 18. We eval-
uated the presence of eosinophils in the BALF after HDM exposure.
Lungs were fixed in formalin and embedded in paraffin. Sections
were obtained and were stained with hematoxylin and eosin to
determine airway infiltration of inflammatory cells and with
Alcian blue/periodic acid Schiff to determine HDM-induced mucus
hyperproduction (Fig. 1A). The number of eosinophils in the BALF
was lower in the HDM-exposed ASK1�/� mice than in the WTmice
(Fig. 1B). Similarly, the infiltration of inflammatory cells in the lung
was lower in the HDM-exposed ASK1�/� mice than in the WTmice
(Fig. 1C, E). Moreover, mucus hyperproduction in the airway was
lower in the HDM-exposed ASK1�/� mice than in the WT mice
(Fig. 1D, F). IL-4, IL-5, IL-13, interferon gamma (IFNg), IL-33, and
TSLP mRNA expression in lung tissues was also measured using
the quantitative reverse transcription polymerase chain reaction
(qRT-PCR) (Fig. 1G). Airway hyperresponsiveness (AHR) was
measured according to the method of Koyama et al.4 (Fig. 1H).
There were some trends but no significant differences in cytokine
expression and AHR between the HDM-exposed ASK1�/� and WT
mice.

In this study, we found that HDM-induced allergic inflammation
and mucus hyperproduction in the airway were lower in ASK1�/�

mice than in WT mice. Therefore, ASK1 might, at least in part,
play a role in HDM-induced asthma-like responses.

Research on innate immunity has shed light on the pathogenesis
of asthma owing to the discovery of type 2 innate lymphoid cells
(ILC2) and production of epithelial cell-derived cytokines.1 The
HDM-exposed animal model of asthma, which we used in this
study, is innate immunity-dependent because HDM contain Der
p2, LPS, and other allergens.7 Ovalbumin (OVA)-induced allergic re-
sponses are also partly innate immunity-dependent because classi-
cally used OVA is contaminated with LPS, which can act as an
adjuvant and prime allergic sensitization in the airway via TLR4
to promote an asthma-like phenotype.8 Takeda et al. reported
that ASK1 is required for inducing allergic asthma sensitized by
intraperitoneal administration of OVA-containing LPS.9 These find-
ings suggest that the TLR4/ASK1 axis may be involved in promoting
asthma by priming allergic sensitization to antigens in the airway.

Chan et al. reported that HDM exposure induced ROS-
mediated oxidative damage of epithelial cells and allergic airway
inflammation.10 We speculate that inhaled HDM, which have Der
p2 and LPS, are identified by TLR4 on the surface of innate im-
mune cells, such as airway epithelial cells, airway macrophages,
and dendritic cells, resulting in the production of ROS, which
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Fig. 1. ASK1 is involved in HDM-induced allergic airway inflammation and mucus hyperproduction. (A) Timeline for the animal model of asthma involving exposure to HDM. C57BL/
6J WT and ASK1-deficient mice (ASK1�/�) were intratracheally exposed to HDM or PBS (as control) on days 1, 8, and 15. BALF and lung tissues were harvested on day 18. (B) Leuko-
cyte count in the BALF. Values shown are the mean ± SEM of 14e19 mice per group from three independent experiments. *P < 0.05. Total cells (P ¼ 0.002) or eosinophils
(P ¼ 0.0001) from HDM-exposed ASK1�/� compared with those from HDM-exposed WT mice. The experimental groups were analyzed using the ManneWhitney U test. (C) Repre-
sentative images (�200) of lung sections stained with hematoxylin and eosin showing airway inflammation. (D) Representative images (�200) of lung sections stained with Alcian
blue/periodic acid Schiff showing mucus-producing cells. Data were representative of three independent experiments. Airway inflammation score (E) and mucus score (F) are
shown. Scoring was performed in seven different fields for each lung section from three animals according to the method of Koyama et al.4 *P < 0.05. (G) Cytokine mRNA expression
in the lungs was measured using qRT-PCR according to the method of Koyama et al.4 (mean ± SEM of 8 mice per group; not significant, ManneWhitney U test). (H) AHR was
measured. (mean ± SEM of 4e6 mice per group; not significant, ANOVA). All data were analyzed with GraphPad Prism version 6 (GraphPad Software, La Jolla, CA, USA). Statistical
significance was set at a P value of <0.05. AHR, airway hyperresponsiveness; ASK1, apoptosis signal-regulating kinase-1; BALF, bronchoalveolar lavage fluid; HDM, house dust mite;
PBS, phosphate-buffered saline; WT, wild-type.
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subsequently activate the ASK1/p38 axis and induce asthma-like
phenotypes. Further studies are needed to clarify the molecular
mechanisms involved in the activation of ASK1 by HDM and
determine which cell types mainly respond to HDM via the
TLR4/ASK1 axis.
In conclusion, we have demonstrated for the first time that ASK1
is involved in HDM-induced asthma-like phenotypes, such as
eosinophilic inflammation and mucus hyperproduction in the
airway of mice. ASK1 might be a therapeutic target for HDM-
induced allergic asthma.
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