
Research Article
Achyranthes bidentata Polysaccharide along with
Anti-IL-5 Antibody Inhibits Allergic Lung Inflammation and
Airway Hyperresponsiveness Mice Induced by House Dust Mites

Jian Sun,1 Shiwei Sheng,2 and Gang Zhao 1

1Department of Emergency, Shanghai Jiao Tong University Affiliated Sixth People's Hospital, Shanghai 200233, China
2Department of Nuclear Medicine, Shanghai Jiao Tong University Affiliated Sixth People's Hospital, Shanghai 200233, China

Correspondence should be addressed to Gang Zhao; zhaogang64369181@sohu.com

Received 16 April 2018; Accepted 6 June 2018; Published 28 August 2018

Academic Editor: Jianxun Ding

Copyright © 2018 Jian Sun et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Bronchial asthma is a chronic inflammatory disease which has become prevalent worldwide. There are millions of new patients and
thousands of people die from asthma. Asthma is characterized with infiltration by eosinophils in pulmonary parenchyma, high
serum IgE, and cytokines like IL-4, IL-5, and IL-13 secreted by allergen-specific T helper cell-2 (Th2) cells. Products of
eosinophils are considered as negative regulators that work on remodeling lung tissue, including airway thickening, fibrosis, and
angiogenesis. Achyranthes bidentata polysaccharide (ABPS) is a kind of polysaccharide extracted from the dry root of
Achyranthes plant Achyranthes bidentata. ABPS is reported to have multiple biological functions and acts on the human
immune system. ABPS can induce production of TNF-α in macrophage, enhance the killing ability of NK cells, and promote the
proliferation of B cells. Besides this, ABPS is reported that can induce apoptosis of eosinophils by upregulating the expression of
proteins involved in apoptosis. In this study, we constructed chronic allergic asthma mice model induced by house dust mites
(HDM) with airway hyperresponsiveness (AHR) and found that anti-IL-5 mAb and ABPS treatment can both decrease
inflammatory cells infiltration especially eosinophils and decrease the level of serum IgE and HDM-specific IgG1. The level of
IFN-γ is increased and AHR is improved, and a more significant phenomenon was observed in anti-IL-5 mAb and ABPS
combined treatment.

1. Introduction

Bronchial asthma is a chronic inflammatory disease of the
airway [1] which has become increasingly prevalent world-
wide. It is estimated that over 300 million individuals suffered
from asthma worldwide and 250 thousand people dies from
asthma every year [2–4]. The number is also predicted to
reach about 400 million over in the next decades [5].

Asthma is characterized by eosinophils infiltration into
the pulmonary parenchyma and airways [6]. The products
of eosinophils are considered as negative moleculars to lung
tissue remodel, including airway thickening, fibrosis, and
angiogenesis, and asthma exacerbate [7, 8]. It is proved that

asthma is a complex and heterogenic disease which can be
subdivided into several phenotypes due to clinical, physiolog-
ical, and inflammatory markers [9, 10]. Eosinophilic asthma
is one of these phenotypes characterized by increased serum
or sputum eosinophils, which means the number of eosino-
phils correlates with disease severity [11]. Usually, patients
with severe asthma and refractory eosinophilic phenotype
will suffer frequent asthma exacerbations.

Inhaled glucocorticoids (GCs) were typically the gold-
standard treatment to asthma patients because of their
suppression of multiply inflammatory mechanisms in par-
allel and being able to reduce AHR and degree of disease
activity [12]. However, the side effects of GCs have been
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well documented, GCs require lifetime therapy for most of
the asthma patients whose symptoms usually return if GCs
are withdrawn [5]. Meanwhile, another common concern
for GCs therapy is the various clinical response in the
patients with asthma [13].

Current biological treatment strategies focused on spe-
cific targeting of Th2-associated cytokines [14]. Recent
research revealed that periostin could be a novel biomarker
for bronchial asthma in downstream of IL-13 signaling
[15]. Also, it is well accepted that Th2-derived interleukin-5
(IL-5) plays a key role in developing and maturing of eosin-
ophils, enhancing their adhesion to endothelial cells lining
the postcapillary venules, activating, secreting, and prolong-
ing survival through apoptosis inhibition in the tissues [16].
It has been well-known that IL-5 is upregulated within the
airways of both atopic and nonatopic asthmatic patients
and that the expression of IL-5 negative related with pul-
monary function [17, 18]. Therefore, IL-5 was considered
a promising target to treat eosinophil-mediated inflamma-
tion in asthma patients and other eosinophil-related con-
ditions [11]. And, Achyranthes bidentata polysaccharide,
used as traditional Chinese medicine, possessed the effect
of improving the proliferation activity and cytokine produc-
tion of lymphocytes, antitumor functions, and immunomod-
ulatory functions [19–21]. Previous study showed dietary
supplementation with the ABPS greatly increased the periph-
eral lymphocyte proliferation in a concentration-dependent
manner in piglets. The main effect of ABPS was focused on
strengthen muscles and bones remodeling. Pharmacological
findings suggested ABPS is reported as an effective inhibitor
of Th1/Th2 dysregulation; therefore, we considered ABPS a
promising strategy to treat eosinophil-mediated inflamma-
tion in asthma.

Murine models are often used to study the delineation
mechanisms and critical mediators of asthma with conflict-
ing results which suggested that the dominant mechanism
and mediators required for asthma induction differ on the
use of model and the method of allergen sensitization [6].
Though animal models induced by ovalbumin (OVA) have
been used in most studies, there are difficulties in evaluating
recurrence and maintaining chronic inflammation [1]. And
the study previously confirmed that when more closely
resembles ambient allergen exposure in human subjects used
in a murine model, the IgE will act as a more critical role in
the pathogenesis of allergic asthma and mucosa pathology
[6]. House dust mites (HDM) allergens are considered as
the most important risk factor for the development of allergic
diseases [22], and the chronic murine HDMs model has been
considered as an improved preclinical in vivo model to assess
the efficacy and mechanism of action of potential novel ther-
apeutics for asthmatic disease which was recently shown to
be effective in response to anti-interleukin-13 (anti-IL-13)
treatment [23].

Here, in an HDM-induced chronic asthmamurine model
of lung inflammation, we assessed the effect of anti-IL-5 mAb
and ABPS treatment, respectively, or combined in asthma.
We analyzed the change of inflammatory cells especially
eosinophils and cytokines in BALF as well as the change of
IgE and HDM-specific IgG1 levels in serum.

2. Materials and Methods

2.1. Materials. Extraction of ABPS: take 50 g dry roots of
plant Achyranthes bidentata, grind it into powder, and
extract it with 10 volumes of 75% ethanol; then recover eth-
anol and sediment is obtained by lyophilization. The residue
was extracted with 10 volumes of water, then concentrated,
and finally added with 95% ethanol to precipitate. The pre-
cipitate obtained is dissolved in water and trichloroacetic acid
is added to remove the protein and the supernatant is taken
after centrifugation. The supernatant was added with 95%
ethanol to obtain a precipitate. The precipitate was washed
successively with absolute ethanol, acetone, and ether and
freeze-dried to obtain a crude product of Achyranthis poly-
saccharide. The extracted Acetyltalatisamine Achyranthan
was reddish-brown powder. After acid hydrolysis, the ratio
of hydrolysate to fructose and glucose was determined by
high performance liquid chromatography (HPLC).

2.2. Animals. Female C57BL/6 mice of SPF clean grade (6–8
weeks old) were purchased from Shanghai SLAC Labora-
tory Animal Co., LTD. All animals were held in regular
12 h dark/light cycles at 25°C and were bred and main-
tained in the high-efficiency particulate air filter-exhausted
ventilated cages. The mice received food and water ad libi-
tum. All the animal procedures were conducted in concor-
dance with the Institutional Ethical Committees for Use of
Experimental Animals.

2.3. Allergen Sensitization of Murine Models. Fifty C57BL/6
mice were randomly divided into five groups, as control
group, asthma group, anti-IL-5 mAb treated group, ABPS
treated group, and anti-IL-5 mAb-ABPS combined group.
Mice were sensitized to house dust mite (HDM) extracts
(Greer, Lenoir, NC, USA) by subcutaneous injections of
50μg HDM adsorbed to 2mg of alum [Al(OH)3] gel (Sigma
Chemical Co., St. Louis, MO, USA) on days 0 and 7 and chal-
lenged intranasally with 25μg of HDM in 50μL of PBS for 4
consecutive days a week for 3 weeks. Controls received only
alum and were challenged with saline (0.9% NaCl) instead
of HDM. Necropsy was performed 24 h after the final
allergen challenge.

2.4. Medicine Treatment. To assess the different effect of
medicine in chronic allergic murine asthma model, different
therapeutic agents were dosing to corresponding groups:
anti-IL-5 mAb group were treated with 100μg of rat
anti-mouse IL-5 mAb (Abcam Shanghai Trade Co., LTD,
Shanghai, China) 2 h before the first intranasal HDM
application and thrice weekly before necropsy; ABPS
group were treated with follow operations: after the second
sensitization of HDM, intraperitoneal injection of 70mg/
kg per day, and in sensitized phase, ABPS were adminis-
tered intraperitoneally 1 h prior until the mice were sacri-
ficed.; anti-IL-5 mAb-APBS combined group were treated
with both of this two organics.

2.5. Assess of Airway Hyperresponsiveness to Methacholine.
Airway hyperresponsiveness (AHR) of mice to methacholine
was measured before necropsy. Mice were placed in
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individual chambers and exposed to nebulized methacho-
line (6.25mg/mL, Sigma, St Louis, MO) for 2min. And after
exposure, enhanced pause (Penh) was measured during
methacholine exposure and change in mean Penh was used
as an indicator of airway responsiveness.

2.6. Bronchoalveolar Lavage Fluid Collection and Cell
Counting. Before dissection, the bronchoalveolar lavage
fluid (BALF) was performed by twice instillation of 0.8mL
ice-cold PBS then centrifuged (1500 rpm, 5min, 4°C). The
supernatant was immediately aliquoted and stored at
−70°C for subsequent measurement of cytokine content.
The precipitation was resuspended in 0.5mL of PBS, and
the total number of cell was counted by Neubauer chamber.
100 cells in cytospin were prepared and stained by Rosen-
feld’s stain to evaluate differential cell counts.

2.7. Lung Histology. After the collection of BALF, the left
lung lobe was immersed in 10% phosphate-buffered for-
malin for 24 h, followed by 70% ethanol, and embedded
in paraffin. Tissues sections of 5μm were then stained
with H&E (haematoxylin and eosin) to assess histopatho-
logical changes. The slides were manually examined under
a light microscope ×100.

2.8. Cytokine and Immunoglobulin Assays. The concentration
of IFN-γ (R&D system, Minneapolis, MN, USA) in the BALF
and serum was measured by ELISA kits. The minimum
detectable concentration was 2 pg/mL.

Serum IgE levels were detected by Mouse IgE ELISA
kits (Becton, Dickinson and Company, New Jersey, USA)
and manipulated as follows: 100μL of rat anti-mouse IgE
monoclonal antibody were added to each well, plated,
and incubated at 4°C overnight. After being washed and
blocked with PBS containing 1% skim milk mouse sera were
incubated overnight at 4°C, and antibody binding was
assessed by the addition of 100μL of biotinylated anti-
mouse IgE detection mAb and streptavidin-horseradish
peroxidase conjugate (SAv-HRP) incubated at 37°C for 1 h.
After the addition of the enzyme substrate, plates were read
at 450nm in an ELISA reader (Bio-Rad, Richmond, CA,
USA). The purified mouse IgE antibody was used for the total
IgE standard. The minimum detectable concentration was
2 ng/mL.

HDM specific IgG1 was measured by ELISA kit. HDM
was coated overnight at 4°C with 100μL of 5μg/mL HDM
in carbonate buffer (0.05mol/L, pH9.6) and by detecting
HDM specific IgG1 binding with biotinylated rat anti-
mouse IgG1 detection mAb and SAv-HRP. The other proce-
dures are the same with detection serum IgE.

2.9. Flow Cytometry Assays. Centrifuge the BALF fluid and
resuspend cells into cell suspension. Loading Percoll in dif-
ferent density (1.085, 1.080, 1.075, and 1.070) to a centrifuge
tube. Pipetting the cell suspension under Percoll carefully
and centrifuging (1500 rp, 25min at room temperature).
Eosinophils were loaded between 1.075 and 1.070 density
ladder. Wash eosinophils with PBS twice and resuspend with
binding buffer, dying with Annexin-V in the dark for 15min;
PI was added before flowing.

2.10. Statistics. The differences among the groups were
analyzed using InStat 2.01 software (GraphPad, San Diego,
CA, USA). Data are given as means+ SEM for normally
distributed. For comparison, multiple groups ANOVA or
Kruskal–Wallis with parametric (Bonferroni) or nonpara-
metric (Dunn’s) posttest, respectively, was performed. For
all tests, P values less than 0.05 were considered significant.

3. Results

3.1. Extraction and Component Analysis of Acetyltalatisamine
Achyranthan. After repeated extraction and precipitation,
reddish-brown powder is obtained. After acid hydrolysis, a
series of preparations are performed to detect the ratio of
fructose to glucose by HPLC. Fructose was separated at about
13th minute (13.27th minute) and glucose was separated at
one minute later (14.11th minute). The ratio of fructose
and glucose was about 4 to 1 (Figure 1).

3.2. Effect of Therapeutic Agent on Airways Hyperresponsiveness.
In order to investigate the effect of therapeutic agent on AHR
in our murine chronic allergic inflammation model, plethys-
mography was conducted to detect changes in respiratory
dynamics following exposure to methacholine with a concen-
tration of 6.25mg/mL. The results showed an increased sen-
sitivity to methacholine challenge after HDM exposure. And
Penh is significantly higher than the control group (P < 0 01)
(Figure 2). And the AHR to methacholine was significantly
decreased with the treatment of anti-IL-5 mAb (P < 0 05)
and ABPS (P < 0 05), or the combined treatment group
(P < 0 01) (Figure 1).

3.3. Effect of Anti-IL-5 mAb and ABPS Combined Treatment
on Pulmonary Inflammation. The total inflammatory cells,
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Figure 1: HPLC analysis of the ratio of fructose to glucose in
hydrolyzed Achyranthes polysaccharides extracted Acetyltalatisamine
Achyranthan was hydrolyzed, and the ratio of fructose to glucose
was measured. From the data, we know that at about the 13th
minute fructose was separated and glucose was separated at the
14th minute. The ratio of the two was about 4 to 1 (fructose to
glucose).
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eosinophils, neutrophils, mononuclear/macrophages, and
lymphocytes in BALF fluid was significantly elevated in
HDM-challenge mice versus saline control mice as shown
in Table 1 (versus control, P < 0 001, P < 0 001, P < 0 01,
P < 0 001, P < 0 01, separatively). Anti-IL-5 mAb or ABPS
treatment can significantly decrease the number of total cells,
eosinophils, neutrophils, and lymphocytes (versus asthma
group, P < 0 01, P < 0 001, P < 0 01, P < 0 01, separatively
under anti-IL-5 mAb group. P < 0 05, P < 0 01, P < 0 05,
P < 0 05, separatively under ABPS group.), especially in the
combined group (versus asthma group, P < 0 05, P < 0 001,
P > 0 05∗, P < 0 01, separatively).

Inhibition of lung inflammation infiltration by anti-IL-5
mAb and ABPS treatment, respectively, or combined was
also confirmed by histology examination. The results showed
the inflammatory cells infiltration into peribronchial and
perivascular areas in asthma group as compared to the con-
trol using H&E staining. Treatment of anti-IL-5 mAb and
ABPS can both reduce the magnitude of inflammatory cells
infiltration into the peribronchiolar and perivascular connec-
tive tissues as compared to asthma group (Figure 3), and this
phenomenon is more significant in combined treatment
group (Figure 3).

3.4. Effect of Anti-IL-5 mAb and ABPS Combined Treatment
on Immune Function. Classically, the mutual inhibition bal-
ance of Th1/Th2 was broken in patients with asthma. And
the Th1 cells were often inhibited in asthma patients. The
effect of anti-IL-5 mAb and ABPS treatment on immune
function was detected, and the results showed that HDM sen-
sitization and challenge induced significant decrease of IFN-
γ both in the BALF fluid and in serum (versus Asthma, P <
0 05, P < 0 05 in BALF and P < 0 01, P < 0 05 in serum) as
shown in Figure 3. After combining treatment, the concen-
tration of IFN-γ both in the BALF fluid and in serum

significantly increased (versus asthma group, P < 0 01, P <
0 001), which is better than only anti-IL-5 mAb or ABPS
treatment (Figure 4).

3.5. Effect of Anti-IL-5 mAb and ABPS Combined Treatment
on Serum IgE and HDM-Specific IgG1. Usually, Th2 cell
immune responses are associated with the production of
IgG1 and IgE antibody. The results of the assays showed that
exposure to HDM resulted in the increase generation of
HDM-specific IgG1 and IgE in serum (P < 0 001). And the
treatment of anti-IL-5 mAb or ABPS can decrease the levels
of both serum IgE and HDM-specific IgG1 (P < 0 01, P <
0 05 in anti-IL-5 mAb group, P < 0 05, P < 0 05 in ABPS
group), similar before, anti-IL-5 mAb and ABPS combined
group has significantly reduced on the levels of both serum
IgE and HDM-specific IgG1 (P < 0 001, P < 0 01) (Figure 5).

3.6. Effect of Anti-IL-5 mAb and ABPS Combined Treatment
on Apoptosis. To identify the function of inducing apoptosis
of anti-IL-5 mAb and ABPS combined treatment, the pro-
portion of eosinophils derived from BALF was analyzed. As
the results, the proportion of eosinophils from asthma group
was higher than control group (P < 0 01). After treatment,
the proportion of eosinophils from treatment group was
markedly elevated (P < 0 01), especially in anti-IL-5 mAb
and ABPS combined treatment group (Figure 6).

4. Discussion

Animal models were an invaluable tool in translational
research, especially mouse models with a large selection of
specific reagents and techniques which have made major
contributions to the understanding of asthma pathophysiol-
ogy and the main characters of the disease [24]. The increas-
ing focus on asthma research is severe asthma because of
unmet medical need. And the current findings emphasise
the necessity of developing reproducible asthma exacerbation
models to provide the opportunities for pharmacological
intervention studies.

OVA is the classical allergen for asthma models because
of its low costs, useless and well-known immunological char-
acteristics [22], and being able to produce an airway inflam-
mation model exhibiting plentiful human asthma-like
cellular and pathophysiological features. However, there is
an increasing concern about the prolonged exposure to
OVA by inducing tolerance in the animals [25]. Additionally,
in human subjects, a big proportion of asthma is due to aero-
allergens, and OVA-induced asthma is far from being a com-
mon event. Therefore, asthma animal models sensitized by
common allergens might be more relevant tools to the study
of human asthma [26]. To date, several kinds of allergen
extracts or purified proteins which are more clinically rele-
vant have become useful in animal models such as fungi,
HDMs (i.e., Dermatophagoides farina (Der f) and Dermato-
phagoides pteronyssinus (Der p)), cockroach, ragweed, and
pollen spores [27–31]. HDMs are one of the most common
allergens in asthma patients. 50–85% asthma patients are
typically allergic to HDMs with increased levels of HDM-
specific IgE [32]. The exposure to HDM can overcome the
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Figure 2: Effect of anti-IL-5 mAb and ABPS treatment on
hyperresponsiveness induced by methacholine. Airway response
of control, asthma group, or therapy group to methacholine
(24 h after exposure to HDM). Data was presented as mean
Penh + SEM and was from one experiment, with n = 10 mice per
group. ∗∗ P < 0 01, ∗∗∗ P < 0 001, compared to the control group.
# P < 0 05, ## P < 0 01, compared to the asthma group. The
significance of the data was evaluated by one-way ANOVA with
Bonferroni’s multiple comparison test compared to control.
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limitation of prolonged exposure to OVA models of tolero-
genic response and allow us to investigate changes related
to chronic, persistent allergen exposure. Remodeling of the
airways with increased mucous cell density and AHR can
be constructed by prolonged exposure to HDM and remains
elevated for a while after discontinuation of HDM exposure
[33]. Meanwhile, it is well known that chronic exposure to
inhaled allergens can induce an inflammatory response in
the lung leading to clinical symptoms of asthma [10]. There-
fore, in this article we choose the HDM extracts to induce the
chronic allergic asthma model in order to mimic the clinical
process of human subjects better.

According to our data, we successfully constructed the
chronic allergic lung inflammation model induced by HDM
with a significant increase of inflammatory cells especially
eosinophils, AHR, serum total IgE, and HDM-specific IgG1
and the decrease of IFN-γ, which verifies that chronic expo-
sure to HDM is able to cause cellular infiltration of the air-
ways by immune and inflammatory cells [10] and lays

foundation for the research of anti-IL-5 mAb treatment of
eosinophilic asthma.

Although, GCs are the gold-standard treatment for
asthma. It still remains some disadvantage for those patients
with GC-refractory eosinophilic asthma and requires unmet
medical need. Given that airway inflammation is the key to
asthma pathogenesis, new therapies targeting key cells and
mediators that drive the inflammatory responses in the asth-
matic lung is becoming hotspot [11]. Allergic inflammation
is well marked by prominent infiltration of eosinophils and
Th2 lymphocytes. It has been reported that IL-5 plays an
important role for the regulation of eosinophil maturation,
recruitment, survival, and their release into the blood, and
eosinophils are a prominent feature in the pulmonary
inflammation which is associated with allergic asthma. Thus,
IL-5 has been proposed to be a potential molecular target in
the treatment of asthma [34]. Similarly, there are reports
which proved that ABPS also effectively works on the inhibi-
tion of dysregulation of Th1/Th2 in asthma. ABPS was

Table 1: The total and sorting cell count of each group in BALF (∗104/mL, x ± s).

Group n Total cells Eosinophils Neutrophils Mononuclear/macrophages Lymphocytes

Control 10 4.261± 0.689 0.2052± 0.0319 1.7502± 0.1862 0.3782± 0.0322 2.8912± 0.2381
Asthma 10 19.35± 3.802∗∗∗ 8.9862± 1.0763∗∗∗ 4.2198± 0.7621∗∗ 4.2781± 0.5621∗∗∗ 7.2671± 1.9761∗∗

ABPS 10 9.78± 3.66∗ 3.543± 0.856∗∗ 2.933± 0.659∗ 2.045± 0.4533∗∗ 6.0941± 1.543∗

IL-5 Ab 10 11.44± 3.04∗∗ 2.76± 0.55∗∗∗ 3.37± 0.544∗∗ 3.04± 0.665∗∗∗ 5.4941± 1.333∗∗

Combined group 10 7.98± 1.5600∗ 1.6782± 0.0963∗∗∗ 2.0672± 0.3219 1.0621± 0.2875∗ 4.5912± 0.6782∗∗

Data was presented as mean + SEM and was from one experiment.∗ P < 0 05; ∗∗ P < 0 01; ∗∗∗ P < 0 001. The significance of the data was evaluated by one-way
ANOVA with Bonferroni’s multiple comparison test compared to control.

(a) (b)

(c) (d) (e)

Figure 3: Effect of anti-IL-5 mAb and ABPS, respectively, or combined treatment on airway inflammation (H&E, magnification ×100).
Exposure to HDM increases airway inflammatory cell infiltration and treatment decreased it, which is more remarkable in the anti-IL-5
mAb and ABPS combined treatment group. (a, b, c, d, e) represents control, asthma group, ABPS group, anti-IL-5 and anti-IL-5 mAb,
and ABPS combined group, respectively.
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shown to markedly enhance DC maturation and differentia-
tion in vitro through providing extra IL-12 and MHC II and
upregulating antigen presentation, leading to activating
CD4+ T cells [35]. Therefore, we tested the effect of ABPS
on asthma and combined with IL-5 antibody in the treatment
of asthma. Although this primary studies showed that anti-
IL-5 mAb and ABPS treatment can improve disease status
in asthma animal models, respectively, it has been proven
inadequate in clinical patients with moderate, controlled
asthma. Given the knowledge that asthma has several phe-
notypes, anti-IL-5 mAb and ABPS combined treatment is
supposed to be effective in the patients with eosinophilic
asthma [36]. In order to identify the hypothesis, we use
HDMs to construct a chronic murine asthma model with
large number of eosinophils infiltrated and assess the effect
of anti-IL-5 mAb and ABPS, respectively, or combined treat-
ment on eosinophilic asthma.

In order to determine the effect of anti-IL-5 mAb and
ABPS combined treatment on eosinophilic asthma, we
administrate anti-IL-5 mAb and ABPS combined treatment
at the time of initial intranasal exposure to HDM three weeks
until necropsy which shows dramatical inhibition to the
infiltration of the lung tissue and airway by eosinophils.
The results showed that anti-IL-5 mAb and ABPS combined
treatment was found to reduce HDM-induced chronic
asthma responses significantly. Anti-IL-5 mAb and ABPS
combined treatment can improve the AHR and reduce
inflammatory cell infiltration, especially eosinophils.

Asthma is caused by IgE-mediated hypersensitivity reac-
tions, and the increase of serum IgE is the main character of
asthma. Meanwhile, IFN-γ is the typical mediators secreted
by Th1 cells which plays an important role in the develop-
ment of asthma. It has been reported that IL-5 can help IL-
4 to promote the production of IgE. When IL-5 and IL-4
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Figure 4: The levels of IFN-γ in BALF (a) and serum (b) of control, asthma group, anti-IL-5 mAb, and ABPS, respectively, or combined
treatment group were detected by ELISA. Data was presented as mean Penh + SEM and was from one experiment, with n = 10 mice per
group. ∗∗ P < 0 01, ∗∗∗ P < 0 001, compared to the control group. # P < 0 05, ## P < 0 01, ### P < 0 001, compared to the asthma group.
And the levels of IFN-γ detected from combined treatment group was significantly higher than individual treatment group. The
significance of the data was evaluated by one-way ANOVA with Bonferroni’s multiple comparison test compared to control.
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Figure 5: Effect of anti-IL-5 mAb and ABPS, respectively, or combined treatment on the levels of IgE and HDM-specific IgG1. Levels of
HDM-specific IgG1 (a) and IgE (b) in serum were measured by ELISA data presented as mean± SEM and are from one experiment, with
n = 10 mice per group. ∗∗∗ P < 0 001, compared to the control group. # P < 0 05, ## P < 0 01, ### P < 0 001, compared to the asthma
group. The significance of the data was evaluated by one-way ANOVA with Bonferroni’s multiple comparison test compared to control.
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stimulated B lymphocytes at the same time, the production of
IgE will increase more than a dozen times compared to IL-4
stimulating alone which means IL-5 also plays an important
role in IgE-mediated type I allergic reaction. Additionally,
downregulation of IgE can not only decrease the degranula-
tion of mast cells and macrophages but also inhibit the
FcεRI-mediated Th2 cells inflammation [37]. Adjust the
differentiation direction of Th cell subtypes and the imbal-
ance of Th1/Th2 cells through upregulating IFN-γ or down-
regulating the level of Th2 cytokine has been recommended
as the new approach to treat asthma patients [38]. Theoreti-
cally, anti-IL-5 mAb can combine to IL-5 to inhibit IL-5
and downregulate the production of IgE thus to weaken
Th2 inflammatory responses and relatively upregulated
IFN-γ can enhance the function of Th1 cells. Therefore, in
this study we also detected the effect of combining anti-IL-5
mAb and ABPS on IgE and IFN-γ to explore asthma path-
ogenesis more deeply and find the potential value of anti-
IL-5 mAb and ABPS combined treatment in asthma. Th2
immune responses are often associated with the production
of IgG1, and ABPS is a sufficient inhibitor to Th1/Th2 dys-
regulation [10]. We also analyzed the level of HDM-specific
IgG1. Taken together, the results showed that anti-IL-5
mAb and APBS can significantly decrease the level of serum
IgE and HDM-specific IgG1 and increase the level of IFN-γ,
which provides a potential target to treat asthma patients.

In summary, we have shown that anti-IL-5 mAb and
ABPS combined treatment results in significantly decreasing
of eosinophil infiltration into the lung and improvement of

airway function in HDM-induced mouse models of eosino-
philic asthma. A combination of anti-IL-5 mAb and ABPS
presented excellent therapeutic effects on asthma. These
effects correlated with a significant improvement of AHR, a
significant reduction of pulmonary inflammatory cells infil-
tration, an increase of IFN-γ, and a reduction of serum IgE
and HDM-specific IgG1, indicating that anti-IL-5 mAb and
ABPS therapy promoted Th1 cytokine secretion and sup-
pressed Th2 cytokine secretion thus attenuated the accumu-
lation of eosinophilic. Our study verified that anti-IL-5 mAb
and ABPS combined treatment is a promising therapy for the
improvement of eosinophilic asthma.
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The data used to support the findings of this study are
included within the article.

Conflicts of Interest

The authors declare no conflict of interest.

References

[1] J. H. Ahn, C. H. Kim, Y. H. Kim et al., “Inflammatory and
remodeling events in asthma with chronic exposure to house
dust mites: a murine model,” Journal of Korean Medical
Science, vol. 22, no. 6, pp. 1026–1033, 2007.

Q2-UR
1.8%

Q2-LR
0.9%

Q2-LR
5.0%

Q2-UR
0.0%

Q2-UL
0.0%

Q2-UL
0.0%

Q2-UR
1.1%

Q2-LR
12.1%

Q2-UL
0.0%

Q2-UR
0.5%

Q2-LL
95.0%

Q2-UL
0.3%

Q2-UL
0.0%

Q2-UR
2.7%

Q2-LR
20.6%

Q2-LL
77.7%

Q2-LL
98.3%

Group n Apoptosis (%)

Control 10 1.21 ± 0.83
Asthma 10 5.66 ± 1.07⁎⁎

ABPS 10 17.24 ± 1.56⁎⁎
IL-5 Ab 10 12.33 ± 1.68⁎⁎

Combined
group 10 22.68 ± 1.88⁎⁎

Gate: P1

(a) (b)

(c) (e)(d)

Gate: P1

Gate: P1 Gate: P1 Gate: P1

Annexin V-A

PI
-A

PI
-A

PI
-A

PI
-A

PI
-A

Annexin V-A

Annexin V-AAnnexin V-A Annexin V-A

Q2-LR
14.3%

Q2-LL
83.9%

Q2-LL
86.8%

101 102 103 104 105 106 107.2

10
1

10
2

10
3

10
4

10
5

10
6

10
7.

2

101 102 103 104 105 106 107.2

10
1

10
2

10
3

10
4

10
5

10
6 1

07
.2

101 102 103 104 105 106 107.2

10
1

10
2

10
3

10
4

10
5

10
6

10
7.

2

101 102 103 104 105 106 107.2

10
1

10
2

10
3

10
4

10
5

10
6

10
7.

2

101 102 103 104 105 106 107.2

10
1

10
2

10
3

10
4

10
5

10
6

10
7.

2

Figure 6: Effect of combined treatment on apoptosis proportion of EOS in BALF by AnnexinV-PI. Proportions of different apoptosis stage
presented as above. (a, b, c, d, e) represents control, asthma group, ABPS group, anti-IL-5 and anti-IL-5 mAb, and ABPS combined group,
separatively. ∗∗ P < 0 01, compared to the control group. The significance of the data was evaluated by one-way ANOVA with Bonferroni’s
multiple comparison test compared to control.

7International Journal of Polymer Science



[2] R. Buhl, “Omalizumab (Xolair) improves quality of life in
adult patients with allergic asthma: a review,” Respiratory
Medicine, vol. 97, no. 2, pp. 123–129, 2003.

[3] E. D. Bateman, S. S. Hurd, P. J. Barnes et al., “Global strategy
for asthma management and prevention: GINA executive
summary,” The European Respiratory Journal, vol. 31, no. 1,
pp. 143–178, 2008.

[4] L. J. Akinbami, J. E. Moorman, and X. Liu, “Asthma preva-
lence, health care use, and mortality: United States, 2005–
2009,” National Health Statistics Reports, no. 32, pp. 1–14,
2011.

[5] R. Divekar and D. Lal, “Recent advances in biologic therapy of
asthma and the role in therapy of chronic rhinosinusitis,”
F1000Research, vol. 7, p. 412, 2018.

[6] M. Ollé-Monge, M. J. Cruz, S. Gomez-Ollés, I. Ojanguren,
J. Vanoirbeek, and X. Muñoz, “Effect of anti-IgE in occupa-
tional asthma caused by exposure to low molecular weight
agents,” Allergy, vol. 72, no. 11, pp. 1720–1727, 2017.

[7] S. W. Yancey, O. N. Keene, F. C. Albers et al., “Biomarkers
for severe eosinophilic asthma,” The Journal of Allergy and
Clinical Immunology, vol. 140, no. 6, pp. 1509–1518, 2017.

[8] A. H. Nissim Ben Efraim and F. Levi-Schaffer, “Tissue remod-
eling and angiogenesis in asthma: the role of the eosinophil,”
Therapeutic Advances in Respiratory Disease, vol. 2, no. 3,
pp. 163–171, 2008.

[9] G. P. Anderson, “Endotyping asthma: new insights into key
pathogenic mechanisms in a complex, heterogeneous disease,”
The Lancet, vol. 372, no. 9643, pp. 1107–1119, 2008.

[10] K. E. Burrows, C. Dumont, C. L. Thompson, M. C. Catley,
K. L. Dixon, and D. Marshall, “OX40 blockade inhibits house
dust mite driven allergic lung inflammation in mice and
in vitro allergic responses in humans,” European Journal of
Immunology, vol. 45, no. 4, pp. 1116–1128, 2015.

[11] G. M. Walsh, “Therapeutic potential of targeting interleukin 5
in asthma,” BioDrugs, vol. 27, no. 6, pp. 559–563, 2013.

[12] P. J. Barnes, I. M. Adcock, and K. Ito, “Histone acetylation and
deacetylation: importance in inflammatory lung diseases,” The
European Respiratory Journal, vol. 25, no. 3, pp. 552–563,
2005.

[13] W. E. Berger, “New approaches to managing asthma: a US
perspective,” Therapeutics and Clinical Risk Management,
vol. 4, no. 2, pp. 363–379, 2008.

[14] K. Izuhara, H. Matsumoto, S. Ohta, J. Ono, K. Arima, and
M. Ogawa, “Recent developments regarding periostin in bron-
chial asthma,” Allergology international, vol. 64, Supplement,
pp. S3–10, 2015.

[15] J. Sahota and D. S. Robinson, “Update on new biologics
for intractable eosinophilic asthma: impact of reslizumab,”
Drug Design, Development and Therapy, vol. 12, pp. 1173–
1181, 2018.

[16] P. M. O'Byrne, “The demise of anti IL-5 for asthma, or not,”
American Journal of Respiratory and Critical Care Medicine,
vol. 176, no. 11, pp. 1059-1060, 2007.

[17] Q. Hamid, M. Azzawi, S. Ying et al., “Expression of mRNA for
interleukin-5 in mucosal bronchial biopsies from asthma,” The
Journal of Clinical Investigation, vol. 87, no. 5, pp. 1541–1546,
1991.

[18] J. G. Karras, K. McGraw, R. A. McKay et al., “Inhibition of
antigen-induced eosinophilia and late phase airway hyperre-
sponsiveness by an IL-5 antisense oligonucleotide in mouse

models of asthma,” The Journal of Immunology, vol. 164,
no. 10, pp. 5409–5415, 2000.

[19] Q. Chen, Z. Liu, and J. H. He, “Achyranthes bidentata poly-
saccharide enhances immune response in weaned piglets,”
Immunopharmacology and Immunotoxicology, vol. 31, no. 2,
pp. 253–260, 2009.

[20] X. Zhu, Y. Pan, L. Zheng, L. Cui, and Y. Cao, “Polysaccharides
from the Chinese medicinal herb Achyranthes bidentata
enhance anti-malarial immunity during Plasmodium yoelii
17XL infection in mice,” Malaria Journal, vol. 11, no. 1,
p. 49, 2012.

[21] L. Q. Jin, Z. J. Zheng, Y. Peng, W. X. Li, X. M. Chen, and
J. X. Lu, “Opposite effects on tumor growth depending on
dose of Achyranthes bidentata polysaccharides in C57BL/6
mice,” International Immunopharmacology, vol. 7, no. 5,
pp. 568–577, 2007.

[22] T. Baqueiro, M. Russo, V. M. G. Silva et al., “Respiratory
allergy to Blomia tropicalis: immune response in four syngeneic
mouse strains and assessment of a low allergen-dose, short-term
experimental model,” Respiratory Research, vol. 11, no. 1, p. 51,
2010.

[23] K. L. Tomlinson, G. C. G. Davies, D. J. Sutton, and R. T.
Palframan, “Neutralisation of interleukin-13 in mice prevents
airway pathology caused by chronic exposure to house dust
mite,” PLoS One, vol. 5, no. 10, article e13136, 2010.

[24] A. T. Nials and S. Uddin, “Mouse models of allergic asthma:
acute and chronic allergen challenge,”Disease Models &Mech-
anisms, vol. 1, no. 4-5, pp. 213–220, 2008.

[25] R. K. Kumar, C. Herbert, and P. S. Foster, “The "classical"
ovalbumin challenge model of asthma in mice,” Current
Drug Targets, vol. 9, no. 6, pp. 485–494, 2008.

[26] H. Smith, “Animal models of asthma,” Pulmonary Pharmacol-
ogy, vol. 2, no. 2, pp. 59–74, 1989.

[27] E. G. Barrett, K. Rudolph, L. E. Bowen, B. A. Muggenburg, and
D. E. Bice, “Effect of inhaled ultrafine carbon particles on the
allergic airway response in ragweed-sensitized dogs,” Inhala-
tion Toxicology, vol. 15, no. 2, pp. 151–165, 2003.

[28] S. P. Chapoval, K. Iijima, E. V. Marietta et al., “Allergic
inflammatory response to short ragweed allergenic extract
in HLA-DQ transgenic mice lacking CD4 gene,” Journal
of Immunology, vol. 168, no. 2, pp. 890–899, 2002.

[29] B. Fuchs and A. Braun, “Improved mouse models of allergy
and allergic asthma–chances beyond ovalbumin,” Current
Drug Targets, vol. 9, no. 6, pp. 495–502, 2008.

[30] J. Chesné, F. Braza, G. Chadeuf et al., “Prime role of IL-17A in
neutrophilia and airway smooth muscle contraction in a house
dust mite–induced allergic asthma model,” Journal of Allergy
and Clinical Immunology, vol. 135, no. 6, pp. 1643–1645.e5,
2015.

[31] R. L. Warner, N.W. Lukacs, S. D. Shapiro et al., “Role of metal-
loelastase in a model of allergic lung responses induced by
cockroach allergen,” The American Journal of Pathology,
vol. 165, no. 6, pp. 1921–1930, 2004.

[32] S. Sagar, H. Akbarshahi, and L. Uller, “Translational value of
animal models of asthma: challenges and promises,” European
Journal of Pharmacology, vol. 759, pp. 272–277, 2015.

[33] J. R. Johnson, R. E. Wiley, R. Fattouh et al., “Continuous expo-
sure to house dust mite elicits chronic airway inflammation
and structural remodeling,” American Journal of Respiratory
and Critical Care Medicine, vol. 169, no. 3, pp. 378–385, 2004.

8 International Journal of Polymer Science



[34] J. Corren, “Inhibition of interleukin-5 for the treatment of
eosinophilic diseases,” Discovery Medicine, vol. 13, no. 71,
pp. 305–312, 2012.

[35] X. He, X. Wang, J. Fang et al., “The genus Achyranthes: a
review on traditional uses, phytochemistry, and pharmaco-
logical activities,” Journal of Ethnopharmacology, vol. 203,
pp. 260–278, 2017.

[36] I. D. Pavord, S. Korn, P. Howarth et al., “Mepolizumab
for severe eosinophilic asthma (DREAM): a multicentre,
double-blind, placebo-controlled trial,” The Lancet, vol. 380,
no. 9842, pp. 651–659, 2012.

[37] Z. Peng, “Vaccines targeting IgE in the treatment of asthma
and allergy,”Human Vaccines, vol. 5, no. 5, pp. 302–309, 2009.

[38] D. A. Randolph, R. Stephens, C. J. L. Carruthers, and D. D.
Chaplin, “Cooperation between Th1 and Th2 cells in a murine
model of eosinophilic airway inflammation,” Journal of Clini-
cal Investigation, vol. 104, no. 8, pp. 1021–1029, 1999.

9International Journal of Polymer Science



Corrosion
International Journal of

Hindawi
www.hindawi.com Volume 2018

Advances in

Materials Science and Engineering
Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Journal of

Chemistry

Analytical Chemistry
International Journal of

Hindawi
www.hindawi.com Volume 2018

Scienti�ca
Hindawi
www.hindawi.com Volume 2018

Polymer Science
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Advances in  
Condensed Matter Physics

Hindawi
www.hindawi.com Volume 2018

International Journal of

Biomaterials
Hindawi
www.hindawi.com

 Journal ofEngineering
Volume 2018

Applied Chemistry
Journal of

Hindawi
www.hindawi.com Volume 2018

Nanotechnology
Hindawi
www.hindawi.com Volume 2018

Journal of

Hindawi
www.hindawi.com Volume 2018

High Energy Physics
Advances in

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Tribology
Advances in

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Chemistry
Advances in

Hindawi
www.hindawi.com Volume 2018

Advances in
Physical Chemistry

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research InternationalMaterials

Journal of

Hindawi
www.hindawi.com Volume 2018

N
a

no
m

a
te

ri
a

ls

Hindawi
www.hindawi.com Volume 2018

Journal ofNanomaterials

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/ijc/
https://www.hindawi.com/journals/amse/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/ijac/
https://www.hindawi.com/journals/scientifica/
https://www.hindawi.com/journals/ijps/
https://www.hindawi.com/journals/acmp/
https://www.hindawi.com/journals/ijbm/
https://www.hindawi.com/journals/je/
https://www.hindawi.com/journals/jac/
https://www.hindawi.com/journals/jnt/
https://www.hindawi.com/journals/ahep/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/at/
https://www.hindawi.com/journals/ac/
https://www.hindawi.com/journals/apc/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jma/
https://www.hindawi.com/journals/jnm/
https://www.hindawi.com/
https://www.hindawi.com/

