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House dust mite is an essential allergen in the pathogenesis of allergic diseases. Abnormal regulation of neutrophil 
apoptosis is an important pathogenic process in allergic diseases. In the present study, we investigated the effects of 
house dust mites on spontaneous apoptosis of neutrophils and its associated mechanisms. Extract of Dermatophagoides 
pteronissinus (DP) inhibited neutrophil apoptosis in a time-dependent manner. Cycloheximide (CHX), an inhibitor of 
translation, increased apoptosis of DP-treated neutrophils as well as control cells. The pro-apoptotic effect of CHX was 
blocked by DP in neutrophils. In addition, DP increased the phosphorylation of Bad in a time-dependent manner, indicating 
that it exerted an inhibitory effect on the function of Bad. These results suggest that DP has anti-apoptotic effects of 
neutrophils and may regulate protein synthesis and activation of Bad. Moreover, these findings may shed light on elucidation 
of allergy pathogenesis due to house dust mites. 
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INTRODUCTION 

 
Allergic diseases, which are characterized by inflammation 

and microbial or viral infection, include asthma, allergic 
rhinitis, atopic dermatitis, and allergic conjunctivitis (Leung 
and Guttman-Yassky, 2014; Linneberg et al., 2016; Thomas, 
2016). House dust mite allergens primarily consist of Der- 
matophagoides pteronyssinus (DP) and Dermatophagoides 
farina (DF), which are the major allergens affecting allergy 
pathogenesis (Milián and Diaz, 2004; Kim et al., 2013; Kang 
et al., 2014). Infiltration of neutrophils into inflamed tissue 
is an essential process of inflammatory responses. Dysre- 
gulation of neutrophil apoptosis increases the survival of 

neutrophils, which exist in the tissues for a long time. The 
sustained neutrophils continue to induce inflammatory re- 
sponse, ultimately aggravating both symptoms and pheno- 
types of allergic diseases (Bascom et al., 1988; Monteseirín, 
2009; Lee et al., 2014; Lee et al., 2016). 

 
MATERIALS AND METHODS 

 
This study was approved by the Institutional Review 

Board of Eulji University for normal volunteers. All partici- 
pants in the study gave their written informed consent. Human 
neutrophils were separated from the heparinized peripheral 
blood of healthy volunteers using Ficoll-Hypaque gradient 
centrifugation and a CD16 microbeads magnetic cell sorting  
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kit (Miltenyi Biotec, Bergisch Gladbach, Germany). Erythro- 
cytes in the cells were removed by washing with hypotonic 
lysis, after which the cells were resuspended at 3 × 106/mL 

in RPMI 1640 medium with 10% FBS. An annexin V-
fluorescein isothiocyanate (FITC) apoptosis detection kit 
(BD Biosciences, San Diego, CA, USA) was used to evaluate 
neutrophil apoptosis. Isolated neutrophils were incubated 
with an FITC-labeled annexin V and propidium iodide (PI) 
for 15 min at room temperature. Apoptotic neutrophils were 
analyzed using a FACSCalibur with the CellQuest software 
(BD bioscience) and were determined as the percentage of 
cells showing annexin V+/PI- and annexin V+/PI+. After 
being treated with DP in a time-dependent manner, neutro- 
phils were collected and lysed in total lysis buffer. The 
homogenate was centrifuged at 12,000 g for 15 min at 4℃, 
after which the supernatant was collected as total lysate. 
Next, 50 μg of protein per lane were loaded into the well 
and separated by SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE), after which they were transferred to mem- 
branes, incubated with anti-phospho-Bad antibodies and 
developed using the enhanced chemiluminescence detection 
system (Amersham Biosciences, NJ, USA). The same blot 
was stripped and reprobed with anti-ERK2 antibodies for 
use as an internal control. 

 
RESULTS AND DISCUSSION 

 
Here, we examined whether DP affects alterations in 

neutrophil apoptosis for the first time. DP suppressed con- 
stitutive apoptosis of neutrophils isolated from healthy sub- 
jects in a time-dependent manner (Fig. 1A). Strong inhibition 
of neutrophil apoptosis was observed at 18 h and 24 h after 
DP treatment. These results are similar to the effects of DP 
on neutrophil apoptosis in our previous study (Kim et al., 
2015). Since protein synthesis is an important regulatory 
mechanism of apoptosis, we treated neutrophils with cyclo- 
heximide (CHX), an inhibitor of protein translation, to in- 
vestigate alterations in the translation process and apoptosis 
due to DP (Scheel-Toellner et al., 2004). CHX increased 
neutrophil apoptosis in a time-dependent manner and re- 
covered the inhibition of neutrophil apoptosis induced by 
DP (Fig. 1B upper panel). Because CHX enhanced control 
neutrophil apoptosis, we examined the ratio of control 
neutrophils and DP-treated neutrophil apoptosis due to CHX. 
Apoptosis of control neutrophils due to CHX was higher 

A 

B 

Fig. 1. Anti-apoptotic effects of DP on neutrophils is associated
with protein synthesis. Normal neutrophils were isolated from the
peripheral blood of normal subjects (3<n<5). The neutrophils were
incubated with and without 10 μg/mL of DP (A) or/and 10 μg/mL
cycloheximide (CHX) (B) for the indicated time. Apoptosis was
analyzed by measuring the binding of annexin V-FITC and PI. Data
are expressed as the means ± SD and are presented relative to the
control, which was set at 100%. *P < 0.05 and **P < 0.01 indicate a
significant difference between the untreated control and DP-treated
groups. Lower panel of B represents the ratio of control neutrophil
and DP-treated neutrophil apoptosis due to CHX. These results
were derived from data of upper panel of B. 
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than that of DP-treated neutrophils at 3 h and 6 h (Fig. 1B 
lower panel). The results presented herein provide important 
information regarding the role of DP in neutrophil apoptosis. 
First, the anti-apoptotic effect of DP is associated with the 
translation process. When we considered the short experi- 
mental time, DP may increase the stability of mRNA, which 
is involved in survival or anti-apoptosis. Second, DP inhibits 
neutrophil apoptosis induced by CHX in aspects of CHX 
treatment, as well as spontaneous neutrophil apoptosis. Taken 
together, DP regulated the translation process, which is 
related to neutrophil apoptosis. Bad is a protein belonging 
to the Bcl-2 family that induces apoptosis by hetero- 
dimerizing anti-apoptotic proteins such as Bcl-2 or Bcl-xL 
(Bergmann, 2002). We next investigated the involvement 
of Bad in the anti-apoptotic effects of DP. DP induced 
phosphorylation of Bad in a time-dependent manner (Fig. 
2). Phosphorylation of Bad was achieved by a variety of 
kinases including cAMP-dependent protein kinase (PKA) 
and cyclin-dependent kinase 1 (CDK1) (Virdee et al., 2000; 
Konishhi et al., 2002). The phosphorylation of Bad induces 
the sequestration of Bad in the cytosol by binding to 14-4-3. 
Future studies are needed to elucidate the exact mechanism 
of DP associated with Bad. These results may help us under- 
stand the regulation of spontaneous neutrophil apoptosis due 
to house dust mites. 
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