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Abstract Eosinophilic bronchitis (EB) is a useful tool for
studying airway hyperresponsiveness (AHR), but an exact
EB animal model is lacking. Our objective was to establish
an EB mouse model using ovalbumin (OVA). Mice were
divided into asthma, normal saline (NS) control and three
model groups. Asthma mice were challenged intranasally
with 200 pg OVA. Model groups were challenged with one
of the three OVA doses (10, 20 or 100 pg), and NS control
mice received normal saline. Changes in lung resistance
(Rp), serum OVA-specific immunoglobulin-E (IgE) and
differential inflammatory cell counts in bronchoalveolar
lavage fluid (BALF) were determined after exposure to
increasing doses of methacholine (MCh). Lung histological
sections were examined for inflammatory infiltration. Ry in
the 10-ug OVA-challenged model group was not signifi-
cantly different compared with the NS group at any MCh
concentration but was significantly different compared
with the asthma group (P < 0.01). Ry in the other two
model groups was intermediate between the asthma and NS
groups. Serum OV A-specific IgE and eosinophils in BALF
were increased significantly in all model and asthma
groups compared with the NS group, but no significant
differences were observed between model and asthma
groups. Inflammatory cells were seen around bronchioles
and capillaries in model and asthma groups but not the NS
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group. A mouse model of EB without AHR can be estab-
lished by 10 ng OV A challenge and provides a useful tool
for studying AHR mechanisms.
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Introduction

Asthma is a serious public health problem worldwide,
affecting people of all ages. When uncontrolled, asthma
can severely limit activities of daily living and can even be
fatal [1]. Airway hyperresponsiveness (AHR) and airway
inflammation(AI) are two hallmarks of asthma. Measure-
ment of bronchial responsiveness is widely used to diag-
nose and monitor asthma [2]. In last two decades, most
studies have investigated the relationship between Al and
AHR. However, researchers have found that AHR is
associated not only with inflammation, but also with airway
repair, excessive contraction of airway smooth muscle,
uncoupling of airway contraction, thickening of airway
wall and activation of sensory nerves [3]. Despite intensive
research, the complex mechanisms of AHR pathogenesis
remain unclear.

Nonasthmatic eosinophilic bronchitis (EB) was first
identified by Gibson and coworkers as a major cause of
chronic cough [4]. They described a group of patients with
chronic cough, sputum evidence of eosinophils, but normal
spirometry, no evidence of AHR and normal PEF vari-
ability. The features of this condition were distinct from
asthma; thus, it was named EB. Similar to asthma, EB is
associated with exposure to an occupational sensitizer and
commonly inhaled allergens [5-10]. EB is generally
defined as an allergic disease because most EB patients
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show airway eosinophilia, increased serum total immuno-
globulin-E (IgE) and specific IgE, and respond well to
steroid treatment [11]. However, why EB and asthma
exhibit similar airway inflammation but different clinical
manifestations remains unclear. The emergence of EB
aroused some controversy as to the relationship between
eosinophilic Al and AHR.

At present, no animal model is available for the sys-
tematic study of EB or for further comparison of AHR
mechanisms with those of asthma. Due to obvious ethical
and experimental limitations associated with human
research, an animal model of EB is urgently needed. The
mouse is commonly used for genetic manipulation, and its
use in physiological studies is increasing rapidly. Ovalbu-
min (OVA) is commonly used to develop animal models of
allergic asthma. Therefore, the purpose of our study was to
establish a mouse model of EB with OVA, in order to
produce a better model for comparison with an asthma
model with a similar background of eosinophilic airway
inflammation.

Materials and methods
Animals

A total of 40 female BALB/c mice (age, 6 weeks; weight,
18-20 g) were obtained from the Guangdong Laboratory
Animal Center (Guangzhou, China) and housed in a spe-
cific pathogen-free animal facility at the State Key Labo-
ratory of Respiratory Diseases. The animals were given a
diet free of ovalbumin (OVA) and maintained at a 12-h
light/12-h dark cycle. All experimental procedures were
approved by the Animal Ethics Committee of the First
Affiliated Hospital, Guangzhou Medical College.

Experimental protocol

The mice were randomly divided into five groups (each
group, n = 8): normal saline (NS) group, asthma group and
three model groups (model-1 [M-1], model-2 [M-2] and
model-3 [M-3]). Each model group received a different
challenge OVA dose to determine the optimal dose. Mice
in the asthma and model groups were sensitized on days O,
7 and 14 by intraperitoneal injection of OVA (10 pg, Grade
V; Sigma, USA) emulsified in 0.1 ml of aluminum
hydroxide gel (13 mg/ml; Sigma, USA) in a total volume
of 0.2 ml of sterile normal saline. From day 21 to day 23,
the asthma and model groups mice were challenged daily
with intranasal OVA (200 pg, asthma group; 10 pg, M-1
group; 20 ng, M-2 group; 100 png, M-3 group) dissolved in
50 pl saline. NS group mice were treated at the same time
with 50 pl sterile saline.
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Determination of airway responsiveness

Changes in lung resistance (Rp) induced by methacholine
(MCh; Sigma, USA) were measured with the Buxco
invasive measurement system (Buxco, USA) 24 h after the
last challenge [12, 13]. Briefly, before each reading, the
system was calibrated by rapidly injecting 1 ml of air.
Pressure differences between the main chamber containing
the mice and a reference chamber were recorded with
BioSystem XA software (version 2.10, Buxco, USA). A
pressure signal was produced by flow changes in the main
box during the respiratory cycle of the animal. Then the
mice were anesthetized deeply by intraperitoneal injection
of pentobarbital sodium (90 mg/kg). Tracheotomies were
performed, and a stainless steel 18-gauge tube was inserted
as a tracheostomy cannula. The mice were then placed in a
whole-body plethysmograph chamber and ventilated
mechanically (ventilator model 683, Harvard Apparatus,
USA) at 120 breaths/min and a tidal volume of 0.2 ml.
Once baseline data were established, aerosolized normal
saline (MCh was dissolved in the saline and it was the
control treatment) and increasing concentrations of MCh
(3.12, 6.25, 12.5, 25 and 50 mg/ml) were administered.
After each dose, airflow changes in the sealed chamber and
pressure changes in the airway were measured with Bio-
System XA software for 3 min. Airway function is
expressed as mean Ry, = cm H,0 ml~!s7h

Serum collection and determination of OV A-specific
Immunoglobulin-E (IgE)

Blood was obtained from eyeballs removed immediately after
AHR assessment and before bronchoalveolar lavage (BAL)
was performed. Blood was allowed to clot, then centrifuged at
2500g for 10 min at 4°C and stored at —80°C. Enzyme-linked
immunosorbent assay (ELISA) for OV A-specific IgE (AbD
Serotec, UK) was performed according to the manufacturer’s
instructions. Duplicate serum samples were diluted 1:5.
Absorbance of samples was measured using 450 nm (A4so) as
the main wavelength and 630 nm (Ag30) as the reference
wavelength, and results were expressed as Aysp—Agzo. OVA-
specific IgE concentrations were determined using a standard
concentration curve from 8.0 to 800 ng/ml.

Bronchoalveolar lavage fluid for cellular analysis

After assessment of AHR, lungs were lavaged through the
tracheal tube with 0.8 ml phosphate-buffered saline (PBS).
The fluid was retrieved by gentle aspiration, and this proce-
dure was repeated three times. Recovery of fluid was over
80% in all animals. Cells were then isolated from the whole
lung lavage fluid by centrifugation at 1000g for 10 min. The
cell pellets were resuspended in 1 ml of sterile PBS,
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centrifuged again, subjected to FACS Lysis Buffer (BD Bio-
sciences, UK), incubated for 10 min at 20°C, washed twice
and resuspended in 1 ml PBS for cell counts. The cells were
then stained with hematoxylin and eosin (H&E, Jiancheng
Biotech, China). Differential counts of pulmonary inflam-
matory cells (alveolar macrophages, neutrophils, lymphocytes
and eosinophils) were determined by routine microscopy
(Zeiss Imager Al, Germany) using standard morphological
criteria; at least 200 cells were counted per sample.

Lung histology studies

After completion of bronchoalveolar lavage (BAL) sam-
pling, the lungs were inflated through the trachea with
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Fig. 1 a Ry at baseline and changes after NS challenge. R; was
similar at baseline ([J) between all treatment groups (one-way
ANOVA). After NS challenge (W), Ry increased no more than 10%
compared with baseline in each group(independent samples 7-test).
Data are expressed as mean = S.EM (each group, n = 8). b Rp
changes in NS and AS group. Mice in the asthma group (H)
demonstrated higher Ry after exposure to methacholine (6.25-50 mg/
ml) compared with mice in the NS group (OJ; *P < 0.01; independent
samples 7-test). Data are expressed as mean + SEM (each grou
n = 8). ¢ R changes in M-1 group. Mice in the M-1 group (
demonstrated similar Ry compared with the NS group (L) at
methacholine (MCh) concentrations and lower Ry compared with the
asthma group (M) at 6.25-50 mg/ml MCh (**P < 0.01, one-way

0.8 ml of 10% formalin and then fixed in 10% formalin by
immersion. After fixation, the left lung was dissected free
and embedded in paraffin for histological analysis. Sections
of 5 um were stained with hematoxylin and eosin (H&E).

Statistical analysis

Pooled data for each group were compared by one-way
analysis of variance (ANOVA) followed by the least sig-
nificant difference (LSD) test, Tamhane post hoc test or
independent samples 7-test. Statistical analysis was per-
formed with SPSS 12.0 software. Data are expressed as
mean =+ standard error of the mean (SEM). P < 0.05 was
considered significant.
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ANOVA). Data are expressed as mean == SEM (each group, n = 8).
d Ry, changes in M-2 group. Mice in the M-2 group demonstrated
increased Ry compared with the NS group (OJ) at 6.25 and 12.5 mg/
ml methacholine (MCh; #P < 0.01) and lower Ry compared with the
asthma group (M) at 12.5-50 mg/ml MCh (*P < 0.05; **P < 0.01;
one-way ANOVA). Data are expressed as mean = SEM (each group,
n =8). e R changes in M-3 group. Mice in the M-3 group (i
demonstrated increased Ry compared with the NS group ([J) at most
methacholine (MCh) concentrations (P < 0.01) and lower Rj
compared with the asthma group (M) at 25 and 50 mg/ml MCh
(*P < 0.05; **P < 0.01; one-way ANOVA). Data are expressed as
mean + SEM (each group, n = 8)
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Results

No AHR found in the 10-pg OVA-challenged model
group mice

No significant differences between groups were observed
in baseline Ry. After challenge with normal saline, the Ry
increased no more than 10% compared with baseline
(Fig. 1a). However, the asthma group mice demonstrated
higher Ry in response to increased doses of inhaled MCh
(6.25, 12.5, 25, and 50 mg/ml) compared with the NS
group (P < 0.01; Fig. 1b). Ry in the M-1 group (10 pg
OVA) was not significantly different compared with the NS
group and was lower than that of the asthma group at MCh
concentrations of 6.25, 12.5, 25 and 50 mg/ml (Fig. 1c¢).
The M-2 group (20 pg OVA) and M-3 group (100 ng
OVA) demonstrated higher airway responsiveness com-
pared with the M-1 group. Although Ry in mice of the M-2
and M-3 groups was lower compared with the asthma
group at 6.25-50 mg/ml MCh, it was still significantly
higher compared with NS control group (Fig. 1d, e).

Increased serum OV A-specific IgE concentration
in asthma and model groups

Serum levels of OVA-specific IgE were increased signifi-
cantly in the asthma (1.43 £ 0.34 pg/ml) and model
groups (M-1, 1.14 £ 0.19 pg/ml; M-2, 1.34 + 0.15 pg/ml;
and M-3, 1.26 %+ 0.29 pg/ml) compared with the NS group
(not detected; Fig. 2).

Increased BALF eosinophils percentage in asthma
and model groups

OVA exposure altered the composition of the BALF leu-
kocytes in mice of the model and asthma groups compared
with the NS group (Fig. 3). In the NS group, the majority
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Fig. 2 Serum levels of ovalbumin-specific IgE. Serum levels of
ovalbumin-specific IgE were significantly increased in the asthma and
EB model groups compared with the NS group (*P < 0.01, one-way
ANOVA). Data are expressed as mean = SEM (each group, n = 8)

Serum OVA-specific IgE (ug/ml)
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Fig. 3 Differential cell counts in bronchoalveolar lavage fluid.
Eosinophils, neutrophils and lymphocytes were increased signifi-
M-1 (), M-2 (@) and M-3 (M) groups compared
with the NS (OJ) group, whereas macrophages were decreased
(*P < 0.01, one-way ANOVA). Data are expressed as mean == SEM
(each group, n = 8)

of cells in BALF were macrophages with smaller popula-
tions of neutrophils and lymphocytes. Eosinophils, neu-
trophils and lymphocytes were increased significantly in
the asthma and model groups, whereas macrophages were
significantly decreased. The percentage of eosinophils in
BALF was increased in the model and asthma groups
(M-1 group 48.74 £+ 4.02%; M-2 group, 44.54 £ 8.17%;
M-3 group, 53.10 £ 4.33%; asthma group, 45.04 £
6.25%) compared with the NS group (not detected).
However, the numbers of eosinophils, macrophages, neu-
trophils or lymphocytes did not differ between the asthma
and model groups.

Lung histology changes

Histological observation demonstrated peribronchial and
perivascular infiltration (especially eosinophils and lym-
phocytes) in model and asthma groups but not in NS group
(Fig. 4).

Discussion

The present study is the first to demonstrate that using a
low-dose OVA challenge (10 pg) can establish an airway
eosinophilic bronchitis mouse model without hyperre-
sponsiveness, which mimics human EB disease.

Although the concept of EB emerged only 20 years ago,
the underlying physiological and immunological processes
remain unclear. Studies of the relationship between asthma
and EB have focused primarily on clinical patients, not
only because EB was observed initially in human beings,
but also because an exact EB animal model was lacking.
Invasive measurements for pathophysiological or immu-
nohistological parameters have been used in most clinical
AHR studies, but a limitation of these studies is the
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Fig. 4 Histological evidence of increased airway inflammation in
mice of the asthma and EB model groups. A, Representative lung
specimen from mice receiving normal saline challenge (NS group). B,
C, D, Lung specimens from mice receiving 10 pg (M-1), 20 pg
(M-2), 100 pg (M-3) ovalbumin (OVA) challenge. E, Lung specimen

difficulty of obtaining biopsy samples. In addition, differ-
ences in age, sex, race and underlying conditions between
studies may provide paradoxical results [14]. Our OVA-
challenged mouse model reproduced the main pathological
features of EB that distinguishes it from asthma—no AHR.
At the same time, this model induced airway eosinophilic
inflammation, which is shared with asthma. In the present
study, the only difference between the EB mouse model
and the asthma model was the intranasal OVA challenge
dose. The backgrounds were also similar, differing only in
airway responsiveness.

IgE plays a pivotal role in allergic disorders. It has been
well documented that serum IgE levels, including both
antigen-specific and total IgE, are much higher in allergic
individuals compared with nonallergic individuals. Aller-
gen-specific IgE binds to its cognate receptors, triggering
the release of various inflammatory mediators by mast cells
and basophils to cause immediate hypersensitivity reac-
tions in asthma [15]. Our data show that OV A-specific IgE
increased in all model and asthma groups compared with
the NS group, which indicates that it is not strongly asso-
ciated with AHR. Most inflammatory mediators and
immunological changes are shared between EB and asthma
patients [16, 17]. OVA-specific IgE may be associated
primarily with airway inflammation. However, the precise
relationship between allergen-specific IgE and AHR
remains unclear.

In conclusion, our findings suggest that following the
same 10-pg intraperitoneal injections of OVA, repeated
10-pg OVA intranasal challenges can establish an airway
eosinophilic bronchitis mouse model without AHR. This

from mouse receiving 200 pg OVA (asthma group). Peribronchial
and perivascular infiltration can be seen as eosinophils and lympho-
cytes in asthma and EB model groups. No interstitial inflammation
can be seen in the NS group. H&E stain; magnification, x200

model supplies a useful tool to study the mechanism of
asthma hyperresponsiveness with a similar background of
airway eosinophilia.
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