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Abstract. Neutrophilic asthma (NA) is associated with a 
severe disease course and poor response to corticosteroids. 
The present study aimed to compare the effects of various 
concentrations of house dust mite (HDM) allergens, ovalbumin 
(OVA), the major egg allergen, and lipopolysaccharide (LPS) 
in combination on the onset of severe NA. Female C57BL/6 
mice were grouped according to a random number table 
and intranasally sensitized with HDM/LPS/OVA extracts on 
days 0, 1 and 2 of the study. In group 1, mice received 50 µg 
HDM + 50 µg OVA + 15 µg LPS, mice in group 2 received 
50 µg HDM + 100 µg OVA + 15 µg LPS, mice in group 3 

received 100 µg HDM + 50 µg OVA + 15 µg LPS and those 
in group 4 received 100 µg HDM + 100 µg OVA + 15 µg 
LPS, while mice in the control group received saline only. 
The mice were then challenged by OVA solution with atom-
ized excitation on days 14, 15, 18, 19 and 20 for 30 min each. 
Ethology, airway hyperresponsiveness (AHR), immune cell 
distributions in bronchoalveolar lavage fluid (BALF), and 
specific cytokines interleukin 17A (IL‑17A) and IL‑4 in serum 
were assessed. Histological examination of inflammation by 
hematoxylin and eosin staining and immunohistochemical 
assessment of neutrophils (NEU), eosinophils (EOS), IL‑17A 
and IL‑4 were also performed. Compared with the control 
group, the HDM/OVA/LPS‑sensitized groups 1‑4 had mark-
edly increased BALF cells, serum interleukin IL‑17A and 
IL‑4, inflammatory cell infiltration, EOS as well as IL‑17A and 
IL‑4 by immunohistochemical staining (all P<0.05). Among 
the four HDM/OVA/LPS‑sensitized groups, mice of group 4 
had higher AHR, a significantly higher total cell number, NEU 
and EOS in BALF as well as significantly higher NEU and 
NEU/EOS ratios according to immunohistochemical staining 
when compared to groups 1‑3 (P<0.05 for all). In conclu-
sion, sensitization with 100 µg HDM + 100 µg OVA + 15 µg 
LPS successfully established a severe asthma model with a 
predominantly neutrophilic inflammatory phenotype.

Introduction

Asthma is a complex chronic inflammatory disease character-
ized by airway hyperresponsiveness (AHR), reversible airflow 
obstruction and airway inflammation. The underlying immu-
nological mechanisms involved in the development of asthma 
have remained to be fully elucidated (1). Eosinophilic airway 
inflammation and the imbalance of T helper type I (Th1)/Th2 
lymphocytes are generally recognized as pivotal factors in the 
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pathogenesis of asthma (2,3). In general, corticosteroid therapy 
is more advisable in patients with eosinophilic asthma  (4). 
However, a review based on 21 clinical studies revealed that 50% 
of all asthma cases were associated with a weak eosinophilic 
airway inflammation, which is referred to as non‑eosinophilic 
asthma (5). These non‑eosinophilic asthma cases are character-
ized by a neutrophilic and mixed granulocytic predominance, 
associated with a severe course of the disease and a poor 
response to corticosteroids (5‑9). In line with previous studies, 
Moore et al (10) reported an increased frequency of the eosino-
philic inflammatory phenotype in a control cluster of less severe 
asthma cases, while neutrophilic predominance and mixed 
granulocytic patterns were most frequent in the severe asthma 
cluster. Various clinical studies have indicated that neutrophilic 
inflammation in patients with severe, persistent bronchial 
asthma is a long‑term side effect of inappropriate use of cortico-
steroids (5,11‑13). Therefore, it has remained elusive whether the 
increased rate of neutrophilic asthma NA is an independent risk 
factor for the severity of asthma or a side effect due to exposure 
to corticosteroids. The establishment of a model of predomi-
nantly neutrophilic asthma may provide novel insight in to the 
mechanisms by which neutrophilic inflammation contributes to 
the pathophysiology of asthma.

At present, there is no established method to induce NA 
in mice. Ovalbumin (OVA) is a classic allergen to generate 
a mouse model of asthma  (14). Recently, house dust mite 
(HDM) allergens were reported to be able to induce NA (15). 
Lipopolysaccharide (LPS) is known to be a risk factor in the 
development of asthma‑like symptoms and acts as an adjuvant 
in asthma models  (16). In the present study, the effects of 
various doses of HDM and OVA in addition to 15 µg LPS for 
inducing NA were compared.

Materials and methods

Animals. A total of 30 female C57BL/6 mice (age, 6‑7 weeks; 
weight, 18‑20  g) were provided by the animal center of 
the Second Xiangya Hospital of Central South University 
(Xiangya, China). The mice were maintained in the following 
conditions: Temperature, 20‑25˚C; humidity, 50%; and exposed 
to a 12‑h light/dark cycle. Mice were fed a standardized specific 
pathogen‑free diet with free access to the OVA‑free food and 
clean water. The present study was approved by the Ethics 
Committee of the Second Xiangya Hospital and Central South 
University and all studies were performed in compliance with 
the Second Xiangya Hospital and Central South University 
Animal Care and Use Committee guidelines.

Experimental reagents and equipment. The HDM extract 
was purchased from GREER® (Lenoir, NC, USA). The 
LPS, aluminum hydroxide [Al(OH)3] gel and OVA (cat. 
no. A5503‑1 G) were from Sigma‑Aldrich (Merck KGaA, 
Darmstadt, Germany). The small animal cough and asthma 
induction instrument (YLS‑8A) was purchased from Beijing 
Zhongshidichuang Science and Technology Development Co., 
Ltd (Beijing, China), the mouse spirometer (MAX 1320) was 
purchased from Buxco® (Data Science International, New 
Brighton, MN, USA), and the optical microscope (DMI3000B) 
and the pathological image analyzer (Leica Application Suite 
V4) were from Leica Microsystems (Wetzlar, Germany).

Mouse asthma model. Female C57BL/6 mice were grouped 
randomly with six mice per cage. The mice were intra-
peritoneally sensitized with HDM/LPS/OVA on days 0, 1 
and 2: In group 1, mice received 50 µg HDM + 50 µg OVA + 
15 µg LPS; in group 2, mice received 50 µg HDM + 100 µg 
OVA + 15 µg LPS; in group 3, mice received 100 µg HDM + 
50 µg OVA + 15 µg LPS; and in group 4, mice received 100 µg 
HDM + 100 µg OVA + 15 µg LPS. In the control group, mice 
received saline only. Afterwards, mice were challenged with 
OVA solution with atomized excitation on days 14, 15, 18 and 
19 for 30 min, then HDM solution intranasally per challenge.

Observation of ethology. The ethology of the mice was evalu-
ated daily by observation of the following parameters: Fur 
luster, touching of nose and scratching of ears, irritability, 
sneezing, rapid breathing and incontinence.

AHR. Methacholine (Mch)‑induced airway resistance was 
measured on day 21 (24 h after the final allergen application) 
by direct plethysmography (FinePointe RC system; Buxco; 
Data Science International). The procedures were the identical 
to those previously described (17). Anesthesia was performed 
by intraperitoneal injection of chloral hydrate (3  ml/kg), 
followed by tracheotomy and cannulation of the jugular vein. 
First, baseline lung resistance (RL0) was recorded for one 
minute. The mice were then given 10 µl saline and 10 µl 
Mch (Sigma‑Aldrich; Merck KGaA) with increasing doses of 
0.39 mg/ml (dose 1), 0.78 mg/ml (dose 2), 1.56 mg/ml (dose 3) 
and 3.12 mg/ml (dose 4). The mixture was sprayed to stimu-
late the airways and changes of lung resistance (RLX) were 
recorded. The final results were expressed as the ratio between 
RLX and RL0.

Bronchoalveolar lavage fluid (BALF) cell count and plasma 
interleukin (IL)‑17A and IL‑4 assay. The procedure of 
BALF cell collection was identical to a previously described 
method (17). After elimination of red blood cells, centrifuga-
tion (400 x g at 4˚C for 10 min) and precipitation, the total 
BALF cell count was determined using a haemocytometer. 
Cell slices were then prepared by using the Liquid‑Based 
Preparation System (LBP Medical Technology Co., Ltd., 
Guangzhou, China. BALF neutrophil (NEU) and eosinophil 
(EOS) cell counts were determined in 200 total BALF cells 
after staining of cell slices with hematoxylin and eosin (H&E).

At the end of the study, the mice were sacrificed, organs 
were harvested, blood samples were taken in EDTA‑filled 
tubes, centrifuged at 4˚C, 400 x g for 10 min, and plasma 
was frozen at ‑80˚C. Serum IL‑17 (no. CSB‑E04608m), IL‑4 
(no. CSB‑E04634m) were assayed by ELISA kits purchased 
from Cusabio Biotechnology Co., Ltd. (Wuhan, China).

Histopathological analysis of inflammatory and structural 
changes. The right lungs were fixed in 4% paraformaldehyde 
for 24  h and dehydrated with a graded series of ethanol, 
followed by treatment with xylene and embedding in paraffin. 
Sections were cut to 4‑µm thick and baked for 1 h in the oven 
at 60˚C. The samples were de‑waxed in xylene and ethanol 
before hematoxylin staining for 5 min, eosin staining for 
3 min, ethanol and xylene dehydration and neutral gum for 
mounting.
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Three to four randomly selected H&E‑stained lung tissue 
sections were analyzed per sample. The tissue inflammation 
score was evaluated by two independent pathologists who 
were blinded to the sample codes as previously described (18): 
0, no inflammatory cell infiltration; 1, little inflammatory cell 
infiltration; 2, 1 layer of inflammatory cells around the airway; 
3, 2‑4 layers of inflammatory cells around the airway; 4, 4 or 
more layers of inflammatory cells around the airway.

Immunohistochemistry for NEU, EOS, IL‑17A, and IL‑4. Lung 
tissues were immunohistochemically stained using neutro-
phil‑specific antibody; diluted 1:200; anti‑gamma response 
1; 0.5 mg/ml; cat. no. 14‑5931; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), eosinophil antibody (diluted 1:200; 
anti‑EOS cationic protein; 200 µg/400 µl; cat. no. orb13385; 
Biorbyt, Cambridge, UK), IL‑17A antibody (diluted 1:200; 
38 µg/150 µl; cat. no. 13082‑1‑AP; Proteintech, Rosemont, IL, 
USA) and IL‑4 antibody (diluted 1:200; 0.1 mg/0.1 ml; cat. 
no. 251223; Abbiotec, LLC, San Diego, CA, USA) and incu-
bated for 12 h at 4˚C. Subsequently, lung tissue sections were 
immersed in rabbit anti‑IgG poly HRP (diluted 1:1; 3 ml; cat. 
no. SV‑0002; Boster Biological Technology Co. Ltd., Wuhan, 
China) at 37˚C for 30 min. Two to four H&E‑stained lung 
tissue sections per group and 25 fields from each lung tissue 
section were analyzed to evaluate NEU, EOS, IL‑17A and IL‑4 
protein expression under the microscope and with an image 
processing system (Image‑Pro Plus 6.0; Media Cybernetics, 
Rockville, MD, USA). The scores of NEU, EOS, IL‑17A and 
IL‑4 staining were calculated as a mean between the results 
obtained by two independent pathologists blinded to the 
sample codes.

Statistical analysis. Data were analyzed with SPSS version 
17.0 (SPSS, Inc., Chicago, IL, USA). Values are expressed as 
the mean ± standard deviation. The Independent‑samples t‑test 

was used for comparison of continuous variables between 
groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Ethology. After sensitization, mice in groups 1‑4 showed 
various degrees of nose touching and ear scratching, irrita-
bility, sneezing, rapid breathing and incontinence, while mice 
in the control group showed no changes in ethology.

AHR. Mch‑induced airway resistance was measured on day 20 
(24 h after the final allergen application). With the increasing 
dose of Mch, mice that had been sensitized with 50  µg 
HDM + 50 µg OVA (group 1), 50 µg HDM + 100 µg (group 2), 
100 µg HDM + 50 µg (group 3) and 100 µg HDM + 100 µg 
OVA (group 4) in addition to 15 µg LPS had a significantly 
increased lung resistance (RL) and there was a significant 
difference compared with the control group (P<0.05). The 
dose‑response curves for the mice of group 4 demonstrated 
a significantly higher AHR than those for mice in the control 
group and groups 1‑3 (all P<0.05; Fig. 1).

BALF NEU and EOS, and plasma IL‑17A and IL‑4. Mice of 
groups 1‑4 had significantly higher total cell counts as well 
as NEU and EOS counts in the BALF than mice sensitized 
with saline (all P<0.05). In addition, mice in group 4 had a 
significantly higher total cell number as well as NEU and EOS 
counts in the BALF than groups 1‑3 (all P<0.05; Fig. 2).

Mice in groups 1‑4 had a significantly higher serum 
concentration of IL‑17 than those in the control group (all 
P<0.05). There was no statistically significant difference 
among groups 1‑4 (P>0.05 for all). Furthermore, there was no 
significant difference in serum IL‑4 between the control and 
groups 1‑4 (all P>0.05; Fig. 3).

Figure 1. Mch‑induced airway hyperresponsiveness. Values are expressed as the mean ± standard deviation. **P<0.01 compared with control group; ##P<0.01 
compared with groups 1‑3. Groups: 1, 50 µg HDM + 50 µg OVA + 15 µg LPS; 2, 50 µg HDM + 100 µg OVA + 15 µg LPS; 3, 100 µg HDM + 50 µg OVA + 15 µg 
LPS; 4, 100 µg HDM + 100 µg OVA + 15 µg LPS; control, saline only. HDM, house dust mite allergen; OVA, ovalbumin; LPS, lipopolysaccharide; RL, lung 
resistance; Mch, methacholine.
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Structural changes and inflammatory scores of lung tissue. 
Lung tissue sections were stained with H&E to assess 

structural changes and inflammatory cell infiltration (Fig. 4). 
Histological analysis of lung tissue sections in the control 

Figure 3. Serum (A) IL‑17 and (B) IL‑4 determined by ELISA. Values are expressed as the mean ± standard deviation. *P<0.05 compared with control 
group. Groups: 1, 50 µg HDM + 50 µg OVA + 15 µg LPS; 2, 50 µg HDM + 100 µg OVA + 15 µg LPS; 3, 100 µg HDM + 50 µg OVA + 15 µg LPS; 4, 100 µg 
HDM + 100 µg OVA + 15 µg LPS; control, saline only. HDM, house dust mite allergen; OVA, ovalbumin; LPS, lipopolysaccharide; IL, interleukin.

Figure 2. BALF cell count. (A) Total BALF cell count (x106) determined by a haemocytometer. (B) NEU and (C) EOS counts were determined in 200 total 
BALF cells after tissue slicing and hematoxylin and eosin staining. Values are expressed as the mean ± standard deviation. ***P<0.001 compared with control 
group; ###P<0.001 compared with groups 1‑3. Groups: 1, 50 µg HDM + 50 µg OVA + 15 µg LPS; 2, 50 µg HDM + 100 µg OVA + 15 µg LPS; 3, 100 µg 
HDM + 50 µg OVA + 15 µg LPS; 4, 100 µg HDM + 100 µg OVA + 15 µg LPS; control, saline only. HDM, house dust mite allergen; OVA, ovalbumin; LPS, 
lipopolysaccharide; BALF, bronchoalveolar lavage fluid; NEU, neutrophils; EOS, eosinophils.
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group (Fig.  4A) revealed normal bronchial and alveolar 
structure, integrity of bronchial epithelium, neat arrange-
ment of cilia and negligible inflammatory cell infiltration. 
Histological analysis of lung tissue sections in groups 1‑4 
demonstrated obvious congestion and edema in bronchial 
mucosa, stenosis of bronchial lumen, hyperplasia of goblet 
cells, epithelial cell necrosis, obvious inflammatory cell 
infiltration around the airway as well as interstitial pulmo-
nary and small perivascular areas (Fig. 4B‑E). Inflammatory 
responses were quantitatively evaluated, revealing that 
H&E‑stained lung tissues in groups 1‑4 had significantly 
higher inflammatory scores than those in the control group 
(all P<0.05); In addition, H&E‑stained lung tissue in group 
4 had significantly higher inflammatory scores than that in 
groups 1‑3 (all P<0.05; Fig. 4F).

Immunohistochemical analysis of NEU, EOS, IL‑17A and 
IL‑4. Histological sections of lung tissue were stained 
immunohistochemically to detect NEUs, EOSs, IL‑17A and  
IL‑4. A small amount of NEUs was observed in the stained 
sections of the control group (Fig. 5A) and groups 1 and 2 
(Fig. 5B and C), while NEUs were significantly increased 

in the stained sections of groups 3 and 4 (Fig. 5D and E). In  
addition, group 4 contained significantly more NEUs than 
groups 1‑3 (Fig.  5F). When compared with the control 
group, significantly more EOS were observed in the stained  
sections of groups 1‑4 (Fig. 6A‑F). The histological NEU 
vs. EOS scoring ratio (NEU/EOS) in shown in Fig.  6G; 
compared with those in the control group and groups 1‑3, lung 
tissue in group 4 had a significantly higher NEU/EOS ratio  
(all P<0.001).

The localization of IL‑17A expression is known to be asso-
ciated with severe asthma. A small number of IL‑17A‑positive 
cells were observed in the stained sections of the control 
group (Fig.  7A), whereas the number of IL‑17A‑positive 
cells were markedly increased in the stained sections of 
groups 1‑4 (Fig.  7B‑E). This difference was statistically  
significant (Fig.  7F). The asthma induction groups had 
significantly higher IL‑17A expression scoring than the control 
group. Furthermore, significantly higher IL‑17A expression 
was observed in the stained lung sections of group 4 compared 
with that in the control and groups 1‑3 (Fig. 7F). Significantly 
elevated IL‑4 expression was observed in the stained sections 
of groups 1‑4 compared with that in the control group (Fig. 8).

Figure 4. Histological lung tissue structural changes and inflammatory infiltrate after hematoxylin and eosin staining. (A‑E) Representative lung tissue sections 
for (A) Control and groups (B) 1, (C) 2, (D) 3 and (E) 4 (magnification, x40). (F) Histological inflammation scoring. Values are expressed as the mean ± standard  
deviation. *P<0.05, **P<0.01 compared with control group; #P<0.05 compared with groups 1‑3. Groups: 1, 50 µg HDM + 50 µg OVA + 15 µg LPS; 2, 50 µg 
HDM + 100 µg OVA + 15 µg LPS; 3, 100 µg HDM + 50 µg OVA + 15 µg LPS; 4, 100 µg HDM + 100 µg OVA + 15 µg LPS; control, saline only. HDM, house 
dust mite allergen; OVA, ovalbumin; LPS, lipopolysaccharide.
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Discussion

Exposure to LPS is known to increase a risk of asthma‑like 
symptoms and the onset of asthma exacerbations (19,20). OVA is 
a classic allergen used for asthma induction in the experimental 
setting. Zhan et al (21) examined the effects of different doses of 
OVA in the range of 10‑1,000 µg for the establishment of asthma 
in murine models. They concluded that low doses of OVA are 
suitable for establishing eosinophilic inflammatory allergic 
asthma, whereas high OVA doses result in immune tolerance, 
which fails to induce asthma. Co‑exposure to LPS and OVA 
results in a different inflammatory phenotype: In the absence 
of OVA, 10 µg LPS alone caused a slight increase of NEUs in 
BALF, while in the presence of OVA, 10 µg LPS caused a slight 
increase of EOS (22). LPS alone cannot establish an asthma 
mouse model, but OVA sensitization combined with a high dose 
of LPS (100 µg) resulted in a NEU increase in lung tissue (23). 
The development of allergic asthma is strongly associated with 
the exposure to HDM (24,25). Although there are geographical 
differences, as many as 85% of asthmatics are typically allergic to 
HDM (26). When OVA‑induced asthmatic mice are re‑exposed 
to HDM, the pathogenic mechanism is different from that in 
response to exposure to OVA alone (27). As mentioned above, 
different doses of LPS, OVA and HDM alone, and different 
combinations of them trigger different pathogenic mechanisms.

In the present study, the effect of different doses of HDM and 
OVA combined with 15 µg LPS was tested for the establishment 

of a murine model of neutrophilic‑predominant severe asthma. 
Inflammatory responses were assessed in the BALF and stained 
lung tissue sections. Compared with those in the control mice, 
total cells as well as NEU and EOS counts in the BALF were 
significantly increased in all HDM/OVA/LPS‑sensitized groups 
1‑4. Importantly, among these four HDM/OVA/LPS‑sensitized 
groups, group 4 had significantly higher total cells, NEUs 
and EOS in the BALF compared with those in groups 1‑3. 
Similarly, analysis of lung tissue sections revealed that all 
HDM/OVA/LPS‑sensitized groups 1‑4 had significantly higher 
histological inflammation scoring and expression of NEU and 
EOS markers than the control group. Furthermore, among the 
four HDM/OVA/LPS‑sensitized groups, group 4 had a signifi-
cant higher histological inflammation scoring, NEU marker 
expression and NEU/EOS ratio, whereas there was no differ-
ence in the expression of EOS‑specific marker among groups 
1‑4. Therefore, only 100 µg HDM + 100 µg OVA + 15 µg 
LPS successfully established a murine asthma model with a 
predominantly neutrophilic inflammatory phenotype.

The role of cytokines and chemokines in the onset of asthma 
has remained to be fully elucidated. Compared to moderate 
asthma, in severe asthma, IL‑4 expression was previously 
reported to be decreased (9), whereas IL‑17A expression was 
increased (28‑30). The objectives of the present study were 
to investigate the expression of IL‑17A and IL‑4 in the serum 
and lung tissue of mice to which varying HDM/OVA/LPS 
sensitization protocols were applied. In the present study, 

Figure 5. Immunohistochemical staining for NEU. (A‑E) Representative immunohistochemical staining images for NEU in mouse lung tissues of (A) Control 
and groups (B) 1, (C) 2, (D) 3 and (E) 4 (magnification, x40). (F) Histological NEU expression scoring. Values are expressed as the mean ± standard deviation. 
*P<0.05 and **P<0.01 compared with control group; #P<0.05 compared with groups 1‑3. Groups: 1, 50 µg HDM + 50 µg OVA + 15 µg LPS; 2, 50 µg HDM + 
100 µg OVA + 15 µg LPS; 3, 100 µg HDM + 50 µg OVA + 15 µg LPS; 4, 100 µg HDM + 100 µg OVA + 15 µg LPS; control, saline only. HDM, house dust mite 
allergen; OVA, ovalbumin; LPS, lipopolysaccharide; NEU, neutrophils.
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IL‑17A expression in serum and lung tissue was significantly 
increased in the four HDM/OVA/LPS‑sensitized groups 
when compared with that in the control. Importantly, among 
the four HDM/OVA/LPS‑sensitized groups, group 4 had 
significantly higher IL‑17A expression in lung tissue compared 
with that in groups 1‑3. Although the lung tissues in the four 
HDM/OVA/LPS‑sensitized groups had significantly higher 
IL‑4 expression compared with that in the control, the serum 
IL‑4 expression did not differ between the control and the 
four HDM/OVA/LPS‑sensitized groups. In addition, signifi-
cantly elevated levels IL‑17A in serum and lung tissue were in 
parallel with ethology changes, a higher AHR and an obviously 
higher inflammatory cell infiltration in the mice of group 4 in 

comparison with those in the control and groups 1‑3. Therefore, 
100 µg HDM + 100 µg OVA + 15 µg LPS successfully estab-
lished a severe asthma model.

The mice in the present study were not exposed to corti-
costeroids. An increased expression of NEU marker in serum 
and lung tissue may exclude the side effects of inappropriate 
use of corticosteroids. In other words, increased NEUs are an 
independent risk factor for severe asthma development. In the 
future, the development of specific tools to reveal the causality 
and biological relevance between NEUs and severe asthma is 
required.

In conclusion, sensitization with 100 µg HDM + 100 µg 
OVA + 15 µg LPS led to the successful establishment of a 

Figure 6. Immunohistochemical staining for EOS. (A‑E) Representative immunohistochemical staining images for EOS in lung tissues of mice in (A) Control 
and groups (B) 1, (C) 2, (D) 3 and (E) 4 (magnification, x40). (F) Histological EOS expression scoring. (G) histological NEU and EOS expression scoring 
ratio (NEU/EOS). Values are expressed as the mean ± standard deviation. **P<0.01 compared with control group; ##P<0.01 compared with groups 1‑3. Groups: 
1, 50 µg HDM + 50 µg OVA + 15 µg LPS; 2, 50 µg HDM + 100 µg OVA + 15 µg LPS; 3, 100 µg HDM + 50 µg OVA + 15 µg LPS; 4, 100 µg HDM + 100 µg 
OVA + 15 µg LPS; control, saline only. HDM, house dust mite allergen; OVA, ovalbumin; LPS, lipopolysaccharide; NEU, neutrophils; EOS, eosinophils.
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Figure 7. Immunohistochemical staining for IL‑17A. (A‑E) Representative immunohistochemical staining images for IL‑17A in lung tissues of mice in (A) 
Control and groups (B) 1, (C) 2, (D) 3 and (E) 4 (magnification, x40). (F) Histological IL‑17A expression scoring. Values are expressed as the mean ± standard 
deviation. *P<0.05, **P<0.01 compared with control group; #P<0.05 compared with groups 1‑3. Groups: 1, 50 µg HDM + 50 µg OVA + 15 µg LPS; 2, 50 µg 
HDM + 100 µg OVA + 15 µg LPS; 3, 100 µg HDM + 50 µg OVA + 15 µg LPS; 4, 100 µg HDM + 100 µg OVA + 15 µg LPS; control, saline only. HDM, house 
dust mite allergen; OVA, ovalbumin; LPS, lipopolysaccharide; IL, interleukin.

Figure 8. Immunohistochemical staining for IL‑4. (A‑E) Representative immunohistochemical staining images for IL‑4 in lung tissues of mice in (A) Control 
and groups (B) 1, (C) 2, (D) 3 and (E) 4 (magnification, x40). (F) Histological IL‑4 expression scoring. Values are expressed as the mean ± standard deviation. 
**P<0.01 compared with control group. Groups: 1, 50 µg HDM + 50 µg OVA + 15 µg LPS; 2, 50 µg HDM + 100 µg OVA + 15 µg LPS; 3, 100 µg HDM + 50 µg 
OVA + 15 µg LPS; 4, 100 µg HDM + 100 µg OVA + 15 µg LPS; control, saline only. HDM, house dust mite allergen; OVA, ovalbumin; LPS, lipopolysac-
charide; IL, interleukin.
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severe asthma model with a predominantly neutrophilic 
inflammatory phenotype.
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