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Figure 3. In the mouse model, dust mite SIT
alleviates the oxidative stress of lung tissue.
(A) The level of MDA in the homogenized mu-
rine lung tissue was measured. (B and C) The
ROS level in the BALF was measured by flow
cytometry. One of the 3 results are shown in
the histogram (B) and the ratio of cells with
ROS in the BALF was analyzed (C). (D) Frozen
lung section stained by the fluorescent ROS
antibody observed at 10x magnification. The
results are representative of 3 independent
experiments. The statistics of the results
were performed by student t-test. *means
P<0.05, **means P<0.01.
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mite SIT and anti-oxidative therapy alleviated
the asthmatic AHR.

To test if SIT or NAC treatment reduced cyto-
kine secretion in the murine asthma model,
serum was collected from mice from each
group, and the cytokine concentration was test-
ed by ELISA. As shown in Figure 2A, SIT signifi-
cantly reduced the levels of IL-4, IL-5, and IL.-13
compared with those in the asthma model.
Interestingly, the level of IL-25, which is gener-
ally considered to be secreted by lung tissue,
was also reduced after SIT treatment.

Murine serum was tested for the level of dust
mite-specific IgE and 1gG1. Figure 2B shows
significantly higher levels of both antibodies in
the asthmatic model group than in the PBS-
treated group. Furthermore, significantly lower
levels of serum IgE (sIgE) and slgG1 were seen
in the SIT group than in the asthma group
(*P<0.05, **P<0.01).

To test if SIT can reduce the oxidative stress of
lung tissue, the level of lipid oxidation in the
murine lung tissue homogenate was tested by
examining malondialdehyde (MDA). As shown in
Figure 3A, the level of MDA from asthmatic
lung tissue was significantly higher than in con-
trol tissue. Additionally, the SIT and NAC group
had significantly lower levels of MDA than the
asthma group (P<0.05).

The ROS level in the BALF was tested by flow
cytometry after staining cells for ROS. As shown
in Figure 3B and 3C, the number of ROS-
stained cells was significantly higher in the
asthma group than in the PBS-treated group,
whereas the generation of ROS in the SIT group
and anti-oxidative NAC group was significantly
reduced (P<0.05).

Then, frozen sections of lung tissue from the
asthmatic mouse model were prepared and
fluorescently stained with ROS-sensitive dye.
Figure 3D shows that the ROS signal in the
asthmatic mice was greater than the signal in
the PBS group. However, the ROS signals in the
SIT group and NAC group were significantly
reduced, indicating that both SIT and anti-oxi-
dative therapy reduced the generation of ROS
in the lung.

To determine if SIT can alleviate apoptosis in
lung tissue, murine lung tissue was collected
and processed with TUNEL staining. Figure 4A
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shows that there were significantly more apop-
totic cells in asthmatic mice than in PBS-treated
mice, while the number of apoptotic cells in the
SIT and NAC groups was smaller than in the
asthma group.

To further test if IL-25 may upregulate apopto-
sis of human airway epithelial cells, the human
bronchial epithelial cell line, 16HBE, was ex-
posed to various concentrations of human rlL-
25. As shown in Figure 4B and 4C, the percent-
age of apoptotic cells was significantly higher
with an increase in the dose of rlL-25 and cul-
ture time. At the high concentration of rIL-25 (1
pug/mL), the percentage of apoptotic cells was
significantly higher after culture for 24 hours
than 12 hours (P<0.05). Using a similar co-cul-
ture system, we also studied the production of
ROS in the 16HBE cells. As shown in Figure 4D,
in parallel with the previous apoptosis results,
the production of ROS of 16HBE increased fol-
lowing the increase in the rIL.-25 dose and/or
culture time. The greatest ROS fluorescence
intensity was shown in the cells cultured with
the highest concentration of rIL-25 (1 ug/ml) for
24 hours (P<0.01).

Treg polarization and anti-inflammatory sup-
pression is generally accepted to be an impor-
tant mechanism of the curative effect of SIT.
Therefore, we measured the proportion of Tregs
in the splenocytes of the four groups of mice
using flow cytometry. Figure 5A and 5B show
that the SIT group contained the most signifi-
cant proportion of Tregs (8.98%) compared
with that in the PBS control group (4.34%),
asthma group (3.43%), and NAC group (5.22%)
(P<0.01).

Discussion

Bronchial asthma is a chronic disease that fea-
tures eosinophilic infiltration and high levels of
Th2 cytokine secretion. In recent years, mas-
sive evidence has proven that oxidative stress
plays an important role in the development and
progression of the pathogenesis of asthma,
especially in AHR and mucus secretion. SIT is
the only curative approach to allergic asthma.
This investigation aimed to investigate whether
SIT could relieve the oxidative stress of asthma
and to examine the potential mechanism.

Oxidative stress is a known risk factor for the
morbidity of asthma and its pathogenic exacer-
bation. Many aerial hazardous substances,
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Figure 4. Dust mite SIT reduces apoptosis in pulmonary tissue. In vivo, SIT reduced lung apoptosis, and in vitro, IL-
25 increased the apoptosis and ROS of 16HBE cells in a time and dose-dependent fashion. A: In the mouse model,
the apoptosis of lung tissue was shown with TUNEL staining observed at 10x magnification. B and C: In vitro, apop-
tosis of 16HBE cells was shown with Annexin V-FITC/PI detection after exposure to various doses of human rlL-25
for different durations (A: control for 12 h; B: 0.1 mg/ml for 12 h; C: 0.1 mg/ml for 24 h; D: control for 24 h; E: 1 mg/
ml for 12 h; F: 1 mg/ml for 24 h). D: The levels of ROS in 16HBE cells of the above groups were also tested using
flow cytometry. The results are shown as the fluorescence intensity and are representative of 3 independent experi-
ments. The statistics of the results were performed by student t-test. *means P<0.05, **means P<0.01.
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such as cigarettes, pollutant particles, or respi-
ratory viruses, stimulate asthma by initiating
oxidative stress. Some patients are highly sen-
sitive to oxidative stress due to a deficiency in
anti-oxidative mechanisms [23-25]. Oxidative
stress may alter the accessibility of chromatin
through its actions on transcriptional factor
NF-E2-related factor 2 (NRF2) or acetylated
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Figure 5. Dust mite SIT upregulates the num-
ber of Tregs in the spleen. The spleen from
mouse models were homogenized, and the
percentage of Tregs (CD4*CD25*Foxp3*) in
CD4*T cells was tested by flow cytometry; the
results showed (A) the representative and (B)
the analysis of 3 independent experiments.
The statistics of the results were performed by
student t-test. **means P<0.01.

albumin and accordingly activate an internal
anti-oxidative mechanism [26-28].

This study used HDM extracts to establish an
allergic mouse model and prepare the SIT vac-
cine. In this experiment, SIT significantly allevi-
ated AHR, decreased the infiltration of inflam-
matory cells in the lungs, and decreased the
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level of Th2-type cytokines, IL-4, IL.-5, and IL-13
in the BALF. SIT also significantly increased the
number of Tregs, which is a known mechanism
of SIT [29, 30]. These results demonstrated the
effectiveness of SIT in an animal model.

The AHR, pulmonary infiltration of inflammatory
cells, Th2 cytokines, IL-4, IL-5, and IL-13, and
airway mucus secretion were also significantly
lower in the NAC group than in the asthma
group, indicating that the oxidative stress
response affects asthmatic pathogenesis and
anti-oxidative therapy relieves the asthmatic
symptoms.

To investigate whether SIT affects the oxidative
stress of asthma, we showed that SIT reduced
1) the generation of ROS in BALF, 2) the genera-
tion of ROS in lung tissue, and 3) the level of
MDA.

The anti-oxidative therapy, NAC, had a more
pronounced anti-oxidative effect than the SIT
vaccine, whereas SIT therapy had a more sig-
nificant therapeutic effect than NAC on AHR
symptoms and inflammatory cell infiltration.
Additionally, in the TUNEL apoptosis experi-
ment, SIT treatment decreased apoptosis in
the lung tissue compared with that observed in
mice with asthma. In summary, SIT not only
alleviated the oxidative stress response but
also inhibited the apoptosis of pulmonary epi-
thelial cells.

Next, we investigated the mechanisms by which
SIT down-regulated the oxidative reaction in
asthma. When exposed to an allergen, murine
pulmonary airway epithelial cells can secrete
IL-25, TSLP, and IL-33. IL-25 and TSLP may pro-
mote the pathogenesis of asthma by promoting
Th2 cytokine secretion; therefore, we hypothe-
sized that SIT might regulate pulmonary ROS
through IL-25. In the experiment, the amount of
IL-25 in the BALF was significantly lower in the
SIT group than the asthma group [31].
Therefore, we suggest that SIT treatment allevi-
ates oxidative stress and the apoptosis of air-
way epithelial cells via down-regulation of IL-25.

Studies have reported a massive death of air-
way columnar epithelial cells in patients with
asthma, as well as a high expression of epithe-
lial cell growth factors such as epidermal
growth factor receptor (EGFR), human epider-
mal growth factor receptor 1 (HER1) [32, 33].
Airway epithelial cells are the targets of oxida-
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tive agents such as O,, N,, and SO,; meanwhile,
inflammatory cells, i.e., eosinophils and neutro-
phils, are producers of internal oxidation and
tumor necrosis factor alpha (TNF-a), which is
known to induce cell apoptosis. Fabio and col-
leagues have shown that the oxidative stress of
airway epithelial cell leads to the apoptosis of
airway epithelial cells [34]. Although there is
a massive death of airway epithelial cells in
patients with severe asthma, the mechanism
of the apoptosis is unclear [35].

In an in vitro assay, human airway epithelial
cells were exposed to various concentrations of
IL-25, and IL-25 significantly increased the gen-
eration of ROS by airway epithelial cells. When
applying the Annexin V-FITC/PI dual-staining
apoptosis assay, we found that IL-25 increased
the apoptosis of human airway epithelial cells.

In conclusion, in the pathogenesis of asthma,
IL-25 exacerbates pulmonary oxidative stress,
and increases the generation of oxidative ROS.
Furthermore, IL-25 exacerbates the apoptosis
of airway epithelial cells and asthma. Our data
suggest that SIT down-regulates the secretion
of IL-25, a promoter of the oxidative stress
response and the apoptosis of airway epithelial
cells.
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