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Summary

Background: Itis widely accepted that T helper 2 (Th2) cells, Th17 cells and their cytokines orchestrate the fea-
ture of asthma. However, most of studies on asthma mechanisms use a single allergen challenge
model. Actually, humans are concurrently exposed to various allergens, and the mechanism of asth-
ma with complex allergen exposure is less well defined. To explore whether the mechanism would
be altered if asthma patients are re-exposed to another allergen, we exposed the chicken egg albu-
min (OVA) induced-asthmatic mice to house dust mite (HDM).

Material/Methods: | HE staining was used to analyze pathologic variation in lung tissue of mice in each sub-group: con-
trol group, HDM alone group, OVA alone group and OVA+HDM group. Th1, Th2 and Th17 asso-
ciated gene mRNA expressions were detected by quantitative PCR; associated cytokines were de-
termined by ELISA or immunohistochemistry.

Results: The severe of inflammatory cell infiltration, the augmentation of Th17 and Th2 related gene mRNA
expressions and the increase of Th17 associated cytokines expression were shown in OVA+HDM
group in comparison with OVA alone group. However, Th2 related cytokines were increased with
no significant difference in OVA+HDM group compared with OVA alone group.

Conclusions: We have found that Th17 response is connected with inflammation in the OVA-induced asthmatic
mice exposed to HDM. When OVA-induced asthmatic mice are re-exposed to HDM, the pathomech-
anism is different from OVA alone exposure. HDM, indoor allergen, may be an important inter-
ferential factor for asthma therapy. It will give an important direction in the development of fu-
ture asthma therapy.
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BACKGROUND

Asthma is a complex syndrome, characterized by inter-
mittent reversible obstruction, airway hyperresponsive-
ness (AHR) and pulmonary inflammation in which many
cells and cellular elements play a vital role, such as eosin-
ophils, mast cells, T lymphocytes, macrophages, neutro-
phils and epithelial cells. Asthma is usually divided into
allergic asthma and non-allergic asthma, and approximate-
ly two-thirds of asthma cases are allergic [1,2]. It is widely
accepted that antigen-specific T helper cell type 2 (Th2)
and their cytokines such as IL-5, IL-4, and IL-13 orches-
trate the feature of asthma [3,4]. Recently, the classical
theory has been expanded to include Th17 cells and their
associated cytokines [5,7]. Many therapies have been ad-
opted basis on pathogenesis, but there is still a definite
increase in prevalence of asthma. Perhaps the complex-
ity of the disease and allergen exposure is beyond our
imaginations.

CD4'T cells are differentiated into Th1 or Th2 cells depend-
ing on the distinct involved cytokines [8]. Recently, a new
phenotype of Th cell, Th17 cell, has been identified. Th17
cells, with its secretion IL-17A, IL-17F and IL-22, play a vi-
tal role in host defense and in induction and propagation
of autoimmunity in animal models [9]. IL-17A and IL-17F,
augmentative in the inflammation of bronchial submuco-
sa in mild to moderate asthma, contribute to excessive mu-
cus and airway smooth muscle proliferation [6,10]. Both
the maturation of Th17 cells and secretion of IL-17 are re-
lated with IL-23 [11].

House dust mite (HDM), a major source of allergen in house
dust, is closely associated with development of asthma. It can
lead to prominent and sustained airway eosinophilic inflam-
mation, along with elevated serum levels of Th2-associated
immunoglobulins and cytokines [12,13]. HDM directly in-
duces the release of pro-inflammation cytokines and chemo-
kines from bronchial epithelial cells and airway epithelial
cells and evokes the direct, non-allergic inflammation [14].
Many researchers merely investigate the mechanism of asth-
matic mice challenged by HDM alone, the complex HDM
exposure is less well defined. So the morbidity of HDM re-
lated asthma is still increasing sharply [15,16]. The role of
Th17 response in asthma remains a controversial problem,
especially it in HDM-alone-induced asthmatic mice [17,18].
To know more about the asthma patients who re-expose to
HDM allergen, we pay attention to Th2 and Th17 respons-
es in our complex allergen challenge model, OVA-induced
asthmatic mice exposed to HDM.

Table 1. Four groups of mice sensitized by allergen.

More inflammatory cell infiltrations were observed in HDM
alone groups than that in control group, which demonstrates
that HDM can directly evoke non- allergic inflammatory re-
sponse. The expression of Th17 related cytokines were aug-
mented in OVA+HDM group compared with OVA alone
group. Th2 related cytokines were increased in OVA+HDM
group in comparison with OVA alone group at gene lev-
el, while at protein level, they were increased with no sig-
nificant difference. We confirm that the augmented Th17
response is linked with the inflammation in OVA-induced
asthmatic mice exposed to HDM. When the OVA-induced
asthmatic mice are re-exposed to HDM, the pathomecha-
nism is different from OVA alone exposure. Thus, HDM
is an important interferential factor for asthma therapy in
the indoor living environment of asthma patients. It will
give an important direction in the development of future
asthma therapy.

MATERIAL AND METHODS

Mice and reagents

The 6-week-old male Balb/c mice were purchased from the
Animal Center of Si Chuan University, and were cared for
and experimented on under specific, pathogen-free con-
ditions at our animal facilities in the Laboratory Animal
Center of West China Medical School, Sichuan University.
HDM (50000 BU/ml) was obtained from Allergopharma
(Reinbeck, Germany).

OVA-induced asthmatic mice exposed to HDM

The mice were divided into 4 groups: Control group, HDM
alone group, OVA alone group, and OVA+HDM group
(Table 1) with 10 mice in each group. OVA (100 pg/ml,
Sigma, Bornem, Belgium) was mixed with an equal volume
0f 10% (w/v) alum (Sigma, USA) in distilled water. To estab-
lish the OVA asthmatic model, the mice were sensitized by
intra-peritoneal injections of OVA/alum (100 pg/ml) for 13
days. Then the mice were aerosol inhalation challenged with
10 ml OVA/PBS (2 mg/ml) during day 33-37. In OVA+HDM
group, OVA-induced asthmatic mice received nasal drops 100
pl HDM 10 BU/ml (total 1 BU) 1 hour after aerosol inhala-
tion of OVA/PBS, while in control group, mice were sensitized
by intra-peritoneal injection of PBS, were aerosol inhalation
challenged with PBS solution, and received nasal drops with
PBS. The number of sneezing and nasal rubbing movement
of mice were counted in an observation cage for 20 min. The
observer assessed movements by the double-blinded method.
Mice were sacrificed by ether anesthesia at 24 h after the last

Group Intra-peritoneal injection  Aerosol inhalation Nosing dropping The relevant dlinical meanings
Control group PBS PBS PBS Healthy people
HDM alone group PBS PBS HDM Susceptible population
OVA alone group OVA OVA PBS Asthma patients
OVA-+HDM group VA VA HDM Asthma patients inhaled

again another allergen
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administration. Serum, bronchial alveolus lavage fluid, spleen,
thymus and lung tissues were obtained for further analysis.

Histopathology and immunohistochemistry

The original pathologic specimen of lung tissues were fixed
in 10% neutral buffered formalin and processed to paraffin,
and 4-5 pm sections were prepared. For histopathology, rou-
tine HE staining was carried out. For immunohistochemistry,
sections were incubated with 1:200 diluted anti-IL-17 antibody
(Boaosen, Beijing, China) overnight at 4°C. Then the sections
were washed with PBS and incubated with 1:1000 diluted bio-
tinylated secondary anti-goat immunoglobulin (Zhongshan,
Beijing, China). Diaminobenzidine was used as a substrate
chromogen. Slides were counterstained with hematoxylin. The
positively stained cells were assessed in 20 randomly selected
fields of view on each image at a final magnification of x400.

Quantitative PCR

mRNA level of RORc (Retinoic acid-related orphan recep-
tor C) IL-17A, 1L-23, T-bet (T-box transcription factor),
GATA-3 (GATA binding protein) were estimated by quan-
titative PCR. Total RNA was purified using TAKARA kit
(Takara, Dalian, China) following manufacture’s instruc-
tions. cDNA was synthesized by the Prime Script RT Reagent
Kit (Takara, Dalian, China). cDNA, equivalent to 40 ng to-
tal RNA, was examined by an iCycler iQ) quantitative PCR
Detection System (Bio-Rad, CA, USA) by their specific prim-
er sequences: (1) RORc forward: TC TGG GAT CCA CTA
CGG G and reverse: AAA CTT GAC AGC ATC TCG GG; (2)
IL-17A forward: CTG TGT CTC TGA TGC TGT TGC and
reverse: CGT GGA ACG GTT GAG GTA GT; (3) T-bet for-
ward: GCC AGG GAA CCG CTT ATA T and reverse: GAG
TGA TCT CTG CGT TCT GGT; (4) GATA-3 forward: TGA
CGG AAG AGG TGG ACG TA and reverse: TGG ATG GAC
GTCTTG GAG AA; (5) IL-23 forward: CCA GTT CTG CTT
GCA AAG G and reverse: GGT GAT CCT CTG GCT GGA;
(6) P-actin forward: AGG GTG TGA TGG TGG GAA T and
reverse: CTC GGT GAG CAG CAC AGG. PCR amplification
consisted of 40 cycles of denaturation at 95°C for 15 s and
annealing and extension at 60°C for 45 s. The target product
was detected by SYBR Premix Ex Taq II kit (Takara, Dalian,
China) and B-actin was used to normalize for transcription
and amplification variations among samples. The relative
expression quantity was assessed by the Gene Expression
Macro Version 1.1 software (Bio-Rad, CA, USA).

Enzyme-linked Immunosorbent Assay (ELISA)

The Serum, bronchial alveolus lavage fluid, spleen, thymus
and lung tissues were gathered from mice at room temper-
ature and stored at —=80°C. The levels of INF-y, IL-5, I1-23
and IL-17 cytokines were analyzed by commercial sandwich
ELISAkits (R&D Systems, Minneapolis, USA). Color reaction
was measured as OD450 units on Bio-Rad microplate reader.
The minimum detectable dose of cytokines was 1.0 pg/ml.

Statistical analysis

Statistical analysis was performed with SPSS 13.0 (SPSS,
Chicago, USA). Two-way ANOVA test and post-hoc analy-
sis were used for intra-group comparisons. P value less than
0.05 was considered as statistically significant.

RESULTS

The manifestations of OVA-induced asthmatic model

The classical OVA-induced asthmatic mice were generat-
ed referencing the method of other investigators [19,20].
After the final administration, the mice in the HDM alone
group, OVA alone group and OVA+HDM group were slow
in movement and showed various degrees of respiratory
failure. The increase frequency of nasal rubbing and sneez-
ing were found in OVA alone group and OVA+HDM group
compared with control group. The dull fur of the mice was
also observed in these two groups.

HDM directly induced non-allergic asthma pathology

Eosinophil infiltrations, epithelial cell hyperplasia and air-
way obstruction were evident in each experimental group
in comparison with control group. More inflammatory cell
infiltration was observed in HDM alone group than that in
control group (Figure 1A, B). It indicated that HDM can di-
rectly evoke non-allergic inflammatory response, in accor-
dance with others’ conclusions [14]. Compared with OVA
alone group, the inflammatory response in OVA+HDM
group was more evident (FigurelC, D). HDM can evoke
non-allergic inflammatory, we assume that the non-allergic
inflammatory is present in OVA+HDM group.

Th2 and Th17 response relative gene mRNA expressions
were augmented in OVA-induced asthmatic mice exposed
to HDM

In spleen tissue, RORc, IL-17, IL-23 and GATA3 mRNA expres-
sions were increased in OVA+HDM group, while they were el-
evated with no significant difference in HDM alone and OVA
alone group in comparison with control group (Figure 2A).
In thymus tissue, there was no significant difference in gene
mRNA expressions among all the groups. (Figure 2B). Th2
and Th17 response in spleen tissue was more obvious than
that in thymus tissue. We deduced that spleen tissue was easy
respone to the stimulation of allergen. In lung tissue, Th2
and Th17 related gene mRNA expressions were not signif-
icant increased in HDM alone group as we supposed. They
were significant elevated in OVA alone group and OVA+HDM
group compared with control group. In comparison with OVA
alone group, Th2 and Th17 responses were still significant
augmented in OVA+HDM group. (Figure 2C). Th2 and Th17
response related gene mRNA expressions were augmented
when OVA-induced asthmatic mice were exposed to HDM.

Th17 response related cytokines were increased in
OVA-induced asthmatic mice exposed to HDM

Th2 and Th17 response related cytokines in serum and bron-
choalveolar lavage fluid were detected by ELISA. In serum,
IL-17 was sharply up-regulated only in OVA+HDM group com-
pared with other groups, while INF-y and IL-23 showed no ev-
identincrease (Figure 3A). Both IL-17 and IL-23 were appar-
ently increased in bronchoalveolar lavage fluid in OVA+HDM
group, but not in HDM alone group and OVA alone group
(Figure 3B). IL-5 was augmented in both OVA alone group and
OVA+HDM group in serum and bronchoalveolar lavage flu-
id compared to control group (Figure 3A, B). In comparison
with OVA alone group, IL-5 was increased with no significant
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Figure 1. HE staining of paraffin-embedded lung tissue in control group (A), HDM alone group (B), OVA alone group (C) and OVA+HDM group (D).

Magnification was all 400.

A Thymus 0O Control
60r O HDM alone
[ 0VA alone
s0r HOVA-+HDM

.
=)
T

N
=3
T

Relative gene expression
w
o

—_
=)
T

||

RORrt  IL-17A T-be GATA-3  Foxp IL-23

0 Control

# [ HDMalone
w3 OVA alone
M 0VA+HDM

160 #
140
120
100 f
80
60
4t
01

*
=

Relative gene expression

Pl Wes: Wahs Wasl Woss Wt
RORt IL-17A T-bet GATA-3 Foxp3  IL-23

B Lk 0 Control

01 *# [0 HDM alone

- 60f #|m@ OVA alone

§ i T |mOvA+HDM

S 40f

g 300

2 0}

< 101

oL ' ] ] | .
RORrt  IL-17A  T-bet GATA-3  Foxp3  IL-23

difference in OVA+HDM group in bronchoalveolar lavage
fluid (Figure 3A). In other words, Th2 relative response in-
creased in OVA alone group not in OVA+HDM group.

Figure 2. The expressions of RORc, IL-17A, IL-23 and GATA-3 gene
mRNA were detected in each group in spleen, thymus and
lung tissue.spleen tissue (A), thymus tissue (B) and in lung
tissue (€). * P<0.05, Statistical differences were compared
to control group by two-way ANOVA test and post-hoc
pairwise analysis, * P<0.05, Statistical differences were
compared to OVA alone group by two-way ANOVA test and
post-hoc pairwise analysi).

IL-17 was up-regulated in OVA-induced asthmatic mice
exposed to HDM

IL-17 staining was low to moderate intensity in inflammato-
ry cells in HDM alone group (Figure 4B). Abundant infil-
trating inflammatory cells were moderate positive for IL-17
in OVA alone group (Figure 4C). In accordance with ELISA
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Figure 3. The levels of Th1,Th2 and Th17 related cytokines were detected in serum (A) and bronchoalveolar lavage fluid (B). * P<0.05, Statistical
differences were compared to control group by two-way ANOVA test and post-hoc pairwise analysis,  P<0.05, Statistical differences were
compared to OVA alone group by two-way ANOVA test and post-hoc pairwise analysis.

Figure 4. The expression of IL-17 was detected by immunochemistry in lung tissue in control group (A), HDM alone group (B), OVA alone group (C)
and OVA+HDM group (D). 400x. Arrow, the positive cells for IL-17.

and gene mRNA expressions results, IL-17 was strongly pos-
itive in inflammatory cells in OVA+HDM group compared
with other groups by immunohistochemistry (Figure 4A, D
and Table 2)).

DiscussIoN

In a study performed in United States, 80% of allergic asth-
matic adults were challenged by more than one aeroaller-
gen [21]. However, when investigating the pathomecha-
nism of asthma, many researchers merely focus on a single
allergen challenge model [22,23]. In recent years, the mor-
bidity of asthma induced by HDM has increased sharply.
HDM, a main allergen in asthma patient living environ-
ment, is strongly associated with the development of asth-
ma. The mechanism of asthma patients who re-exposed to
HDM is less well defined. To know more about the asthma

patient who re-expose to HDM allergen, we establish our
experimental model.

RORGc, IL-17 and IL-23 were chosen as Th17 response relat-
ed genes referencing previous studies [25,26]. As for Th2 re-
sponse, GATA3 and IL-5 were selected, while T-beta and INF-y
were selected for Thl response. In our study, Th1, Th2 and
Th17 response related genes were detected in lung tissue and
central immune organs of our model. Unexpectedly, Th17
response associated genes were significant elevated in spleen
tissue in OVA+HDM group compared with OVA alone group,
while the tendency was not observed in thymus tissue. We de-
duced that spleen tissue was easy response to stimulation of
allergen. Interestingly, Th2 and Th17 response related gene
mRNA expressions, not Th1, were significant augmented in
OVA+HDM group compared with OVA alone group in lung
tissue. Given that the gene mRNA expression results were
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Table 2. The statistic results of IL-17 positive cells in four groups in

lung tissue.
Group Positive cells/field
Control group 15.43+6.52
HDM alone group 18.29+4.38
OVA alone group 36.91+5.73*
OVA+-HDM group 92.62+11.35**

*P<0.05, Two-way ANOVA test and post-hoc pairwise analysis for
OVA+HDM group compared with control group and HDM alone group.
** P<0.05, Two-way ANOVA test and post-hoc pairwise analysis for
OVA-+HDM group compared with control group , HDM alone group,
and OVA alone groups

not as we expected, Thl, Th2 and Th17 responses related
cytokines were detected in serum, bronchoalveolar lavage
fluid and lung tissue. IL-17 and IL-23 were sharply augment-
ed in OVA+HDM group compared with OVA alone group,
while IL-5 was increased with not significant difference. As
the result of transcription regulation, the mRNA expressions
of Th2 response related gene was inconsistent with protein
expression in OVA+HDM group. We confirm that the aug-
mentation of Th17 response is linked to the inflammation
in the OVA-induced asthmatic mice exposed to HDM. We
also conclude that Th17 and Th2 responses are definitely
augmented in the OVA-asthmatic model, but when it is re-
exposed to HDM, Th17 response is dominant. That is to say,
if the OVA-induced asthmatic mice is re-exposed to HDM,
the pathogenesis would be different from OVA alone expo-
sure. Therefore, HDM is an important interferential factor
for asthma therapy, which also has important implications in
the development of future asthma therapy. IL-17 increased
in BALF and serum, while IL-23 was only elevated in BALF.
High level of IL-23 in lung tissue induces Th17 cell to par-
ticipate in the inflammation of asthma [27], so that we can
widely find IL-17 cytokine in BALF and serum. The augment-
ed Th17 cells also have a particular ability to recruit granu-
locytes to participate in [28]. Hence, the inflammation in
OVA +HDM group was more serious than that in OVA alone
group. To our knowledge, this is the first study to investigate
the pathogenesis of asthma with complex HDM exposure.

Recent study has revealed that HDM can evoke the non-al-
lergic asthma, which is similar with the allergic asthma [14].
We observed inflammatory cell infiltrations in lung tissue
in HDM alone group, which was consistent with previous
findings. Thus, we assume that non-allergic inflammatory
response is present in OVA+HDM group. However, single
HDM challenge may not be enough to achieve reliable lung
function changes, and it appears that multiple challenges
may be necessary in the model [13,29,30]. This is the reason
we have difficulty in inducing the asthmatic model by a sin-
gle HDM challenge. From the inflammation in HDM alone
group, we infer that the longer people are exposed to HDM,
the more risk of developing to asthma they will undertake.

CONCLUSIONS

The non-allergic inflammatory response may be present in
the inflammation in OVA- induced asthmatic mice exposed

to HDM. The augmented Th17 response is linked with the
inflammation in OVA-induced asthmatic mice exposed to
HDM. When the OVA-induced asthmatic mice are re-ex-
posed to HDM, the pathomechanism is different from OVA
alone exposure. Thus, HDM is an important interferential
factor for asthma therapy in the indoor living environment
of asthma patients. It will give an important direction in the
development of future asthma therapy.
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