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Abstract

Background: Asthma is a complex and heterogeneous chronic inflammatory disorder that is associated with mucous
cell metaplasia and mucus hypersecretion. Functional genomic analysis indicates that mucous cell metaplasia and
mucus hypersecretion depend on members of the calcium-activated chloride channel (CLCA) gene family. It has
been reported that the inhibition of CLCAs could relieve the symptoms of asthma. Thus, the mCLCA3 antibody may
be a promising strategy to treat allergic diseases such as asthma.
Methods: We constructed asthmatic mouse models of OVA-induced chronic airway inflammatory disorder to study
the function of the mCLCA3 antibody. Airway inflammation was measured by HE staining; goblet cell hyperplasia and
mucus hypersecretion were detected by PAS staining; muc5ac, IL-13, IFN-γ levels in bronchoalveolar lavage fluid
(BALF) were examined by ELISA; Goblet cell apoptosis was measured by TUNEL assay and alcian blue staining;
mCLCA3, Bcl-2 and Bax expression were detected by RT-PCR, Western blotting and immunohistochemical analysis.
Results: In our study, mice treated with mCLCA3 antibody developed fewer pathological changes compared with
control mice and asthmatic mice, including a remarkable reduction in airway inflammation, the number of goblet cells
and mCLCA3 expression in lung tissue. The levels of muc5ac and IL-13 were significantly reduced in BALF. We also
found that the rate of goblet cell apoptosis was increased after treatment with mCLCA3 antibody, which was
accompanied by an increase in Bax levels and a decrease in Bcl-2 expression in goblet cells.
Conclusions: Taken together, our results indicate that mCLCA3 antibody may have the potential as an effective
pharmacotherapy for asthma.
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Introduction

Allergic asthma is increasingly regarded as a complex and
heterogeneous chronic inflammatory disorder, involving a
complex interplay between both environmental and genetic
factors, and is becoming increasingly widespread worldwide,
especially in developed countries [1]. Although allergic asthma
is a complex disease, studies in patients and animal models
have shown that reversible airflow obstruction including goblet
cell hyperplasia, airway mucus hypersecretion and airway
inflammation (including eosinophil infiltration) are the main
hallmarks of the disease.

In patients with bronchial asthma, activated eosinophils,
mast cells and basophils release a variety of cytokines to
promote the differentiation of Th cells into Th2 cells [2]. Th2

cells can secrete IL-4, IL-5, IL-10 and IL-13, which may result
in mucus hypersecretion [3]. Moreover, these Th2 cytokines
may be directly linked to the overexpression of CLCA in the
asthmatic patient and asthmatic mouse models [4]. A previous
study showed that the third murine CLCA homologue,
mCLCA3, has been identified in goblet cells [5]. Goblet cell
hyperplasia appears to be directly linked to CLCA over-
expression in asthmatic mouse models. There is some
evidence that the suppression of mCLCA3 inhibits goblet cell
hyperplasia, whilst overexpression increases goblet cell
number in mice [6]. The decrease in goblet cell number may be
associated with apoptosis. Cell apoptosis contributes to the
chronicity of an inflammatory process and could regulate
inflammatory cell survival [7]. Apoptosis is controlled by
suppressing or inducing genes such as Bcl-2 and Bax.
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Calcium-activated chloride channels (CLCAs) are
preferentially expressed on the secretory epithelium. Ten
members of this family, derived from four mammalian species,
have been identified and cloned: the four human homologues
hCLCA1, hCLCA2, hCLCA3 and hCLCA4, the three murine
homologues mCLCA1, mCLCA2 and mCLCA3, the bovine
bCLCA1, the bovine lung endothelial cell adhesion molecule-1
bCLCA2, and the porcine pCLCA1 [8,9]. Several studies have
implicated members of the CLCA family in cell cycle control,
cell–cell adhesion, apoptosis, metastasis and tumorigenesis
[10]. An increasing body of evidence suggests that members of
the CLCA family play an important role in diseases with
epithelial secretory dysfunctions [11]. The relationship between
the CLCA family and asthma is the most commonly
investigated aspect in CLCA studies. Functional studies
combined with gene expression analysis indicate that mCLCA3
and hCLCA1 are associated with the development of mucous
cell metaplasia in asthmatic mice [10]. Several studies on
human tissue have previously demonstrated that hCLCA1
mRNA levels and protein expression are significantly increased
in the airway epithelium of asthmatic patients [12,13].
Overexpression of mCLCA3 has previously been linked to
goblet cell metaplasia and mucin overproduction in both in vitro
and in vivo model systems [14]. Our previous study suggested
that mCLCA3 plays a pivotal role in mucous overproduction by
bronchial goblet cells and that an hCLCA1 DNA vaccine
prevented mucus hypersecretion and related pathological
changes in a murine asthma model through the induction of
anti-mCLCA3 antibodies [15]. Therefore, CLCA proteins can
serve as useful biomarkers as well as significant therapeutic
targets for the diagnosis and treatment of patients with chronic
inflammatory airway disease [10]. In this article, we used the
asthmatic mouse models of OVA-induced chronic airway
inflammatory disorder to study the function of the mCLCA3
antibody. We show that the mCLCA3 antibody can inhibit
goblet cell hyperplasia and airway mucus hypersecretion in
asthmatic mice.

Materials and Methods

Antibodies
Rabbit anti- mouse mCLCA3 polyclonal antibody (ab46512,

IgG, 1/8000 used for immunohistochemical analysis and
1/1000 used for western blotting[16,17]; the antibody reacts
with mouse, but does not react with human), rabbit anti- mouse
Bax polyclonal antibody (ab7977, IgG, 1/100 used for
immunohistochemical analysis and 1/1000 used for western
blotting[18]; the antibody reacts specifically with Bax and reacts
with mouse, rat and human), rabbit anti- mouse Bcl2 polyclonal
antibody (ab7973, IgG, 1/1000 used for immunohistochemical
analysis and western blotting[18]) and rabbit anti- mouse β-
actin polyclonal antibody (ab15263, IgG, 1/200 used for
immunohistochemical and 1/3000 used for western blotting)
were purchased from Abcam (Cambridge, MA).

Mice and sensitization
Female BALB/c mice aged 6–8 weeks (19~25 g) were

obtained from the Experimental Animal Centre of the Fourth

Military University, Shaanxi Province, China. Experiments were
conducted under a protocol approved by the Institutional
Animal Care and Use Committee of the Fourth Military
University. OVA sensitization of BALB/c mice was performed
as described previously with minor modifications [19]. Briefly,
the BALB/c mice were sensitized by i.p. injections of 1 μg of
OVA (Sigma, Saint Louis, MO) and 100 μg of Al(OH)3

suspended in 0.5 ml saline on days 0 and 7. On days 14–20,
the BALB/c mice were challenged with 1% OVA aerosol for 5 h
each day to construct an asthmatic mouse model and an
antibody intervention asthmatic mouse model. On days 17–20,
50 μl mCLCA3 antibodies was dropped into the nasal
passages of OVA-challenged mice to construct the antibody
intervention asthmatic mouse model 30 min before OVA
challenge. An equal quantity of normal saline was administered
to asthmatic and control mice. Control mice were sensitized to
phosphate-buffered saline (PBS) and challenged with PBS
aerosols (PBS-mice).

BALF collection
BALF and serum were collected 24 h after the last OVA

challenge, as described in the literature with minor
modifications [19]. Briefly, mice were anaesthetized using 3%
pentobarbital sodium. Mice were sacrificed after anesthesia.
Tracheotomy was performed, and a cannula was inserted into
the trachea. Half a milliliter of D-Hank′s (8.0 g NaCl, 0.4 g KCl,
0.12 g Na2HPO4·12H2O, 0.06 g KH2PO4, 1.0 g glucose, 2 mg
1% phenol red in 1000 ml double distilled water, pH 7.3~7.6)
was placed in the trachea, and BALF was collected; the
process was repeated three times. BALF was then centrifuged
at 1500 RPM for 10 min at 4°C in a Beckman model TJ6 table-
top centrifuge to obtain the supernatant, which was stored at
-20°C before examination.

Histological examination
Histological examination was performed using HE staining

according to the method described previously with minor
modifications [20,21]. Briefly, mice were euthanized 24 h after
the last OVA challenge or treatment with PBS aerosols. Lungs
were removed and inflation-fixed through the trachea with 3%
paraformaldehyde-PBS, washed with cold PBS, processed,
embedded in paraffin blocks, and serially sectioned into 6-μm
sections for histological analysis. The sections were
deparaffinized and hydrated, and then stained with hematoxylin
and eosin (H&E), or periodic acid-Schiff (PAS). Inflammation of
the lungs was assessed by histological analysis of H&E-stained
lung sections. Goblet cell hyperplasia of the airway epithelium
was examined by histological analysis of PAS-stained sections.
Quantification of goblet cells was performed by counting 500
epithelial cells, and then determining the percentage of PAS-
stained epithelial cells in at least five airway cross-sections per
slide. The experiment was repeated at least three times and
five animals were included in each group.

ELISA
Murine muc5ac and cytokines in BALF were measured using

ELISA according to the manufacturers’ recommendations. The
muc5ac ELISA was purchased from KeYingMei Technology

mCLCA3 Antibody Plays a Role in Asthma

PLOS ONE | www.plosone.org 2 December 2013 | Volume 8 | Issue 12 | e82367



Co. Ltd (Beijing, China). IL-13 and IFN-γ ELISA were
performed using the Quantikine Murine IL-13 Kit and IFN-γ kit
(R&D Systems, Minneapolis, MN).

Real-time reverse transcription-PCR (RT-PCR)
RT-PCR estimation of messenger RNA (mRNA) levels was

performed according to the manufacturer’s protocol. Total RNA
was isolated from right lung tissues using Trizol reagent
(Invitrogen, Carlsbad, CA). RT-PCR was performed by reverse
transcription using 2 μg of total RNA plus a High-Capacity
RNA-to-cDNA Kit and the appropriate primers. Primer
sequences, PCR cycles and conditions were as follows:
muc5ac: Sense 5’- AATGGCGAGTCTGTGCAGGA-3’,
Antisense 5’- CACCAGGTGTGGCATTGT- GA-3’; mCLCA3,
Sense 5’- AATGATGAGCCCTACACCGAACA-3’, Antisense 5’-
AGTGAGCCCACTCATGGACAAAG-3’; Bax: Sense 5’-
CAGGATGCGTCCACC- AAGAA-3’, Antisense 5’-
CGTGTCCACGTCAGCAATCA; Bcl-2: Sense 5’-
TGAAGCGGTCCGGTGGATA-3’, Antisense 5’-
CAGCATTTGCAGAAGTCCTGTGA-3’; β-actin Sense 5'-
CATCCGTAAAGAC- CTCTATGCCAAC -3’, Antisense, 5’-
ATGGAGCCACCGATCCACA-3’. These primers were all
synthesized by Takara Co., Ltd. (Tokyo, Japan). The cycling
conditions were polymerase activation for 15 s at 95°C; 40
cycles of amplification at 95 °C, 5 s, 60°C, 20 s and 65°C,14 s.
A cDNA fragment of β-actin was amplified as the control.

Western blot analysis
The total protein of lung tissue was extracted using RIPA

buffer (Beyotime, Nantong, China) according to the
manufacturer’s instructions, and the protein concentration was
determined by BCA protein assay kit. Protein concentration
was adjusted, and 30 mg of each sample was separated with
15% SDS-PAGE electrophoresis and transferred to a
nitrocellulose membrane (Millipore). Then, membranes were
blocked with 5% nonfat skim milk at 4°C overnight, and then
blotted with primary antibodies at a working dilution of 1: 8000
at 4°C overnight. They were subsequently incubated with a
solution of anti-rabbit IgG HRP-conjugated antibody (1:5000;
Santa Cruz Biotechnologies) for 1 h at room temperature.
Finally, the blots were visualized using enhanced
chemiluminescence reagents. All experiments included five
mice per group and were repeated at least three times.

Immunohistochemistry
Immunohistochemistry studies were performed as previously

described with minor modifications [19]. Briefly, mice were
euthanized 24 h after the last PBS aerosol or OVA challenge.
Lungs were removed and cut into 6-μm sections for
immunohistochemistry analysis. The sections were
deparaffinized with xylene and rehydrated in ethanol. Sections
were blocked with 10% bovine serum for 30 min in a humidified
chamber. Following this, sections were subsequently incubated
with antibodies overnight at 4°C and visualized using confocal
microscopy (Olympus Fluoview 500, Tokyo, Japan) with an
excitation wavelength of 488 nm and emission range of 510–
550 nm. Quantification of mCLCA3, Bax and BCl-2 was
performed by counting the continuous 500 epithelial cells, and

then determining the percentage of positive goblet cells in at
least five airway cross-sections per slide. The experiments
were repeated at least three times. All experiments included
five mice per group.

TUNEL and AB staining
TUNEL assay was performed using a commercially available

kit according to the manufacturer's instructions (Roche, Nutley,
NJ) and the method described previously [22]. Lungs were
removed from mice and cut into 6-μm sections 24 h after the
last PBS aerosol or OVA challenge. Following deparaffinization
and rehydration, the sections were incubated with TdT enzyme
and 11-digoxigenin dUTP at 37°C for 4 hours. After quenching
the reaction, sections were then incubated with anti-digoxigenin
FITC-conjugated antibody for 60 min at room temperature.
After completion of the TUNEL process, the sections were then
stained with alcian blue (AB) for 30 min. The cell nucleus was
stained with hematoxylin. Yellowish-brown and brown staining
was obtained with diaminobenzidine and hematoxylin (DAB,
1:50) and blue staining with AB. An equal volume of distilled
water was substituted for the TdT enzyme as a negative control
and sections were exposed to DNAase as a positive control.
Images were acquired under a light microscope. The numbers
of TUNEL- and AB-positive cells in the epithelia goblet cells
were counted.

Statistical analysis
Statistical analyses were performed using the SPSS17.0

software package. All data are presented as mean ± standard
error of the mean (S.E.M.). Comparisons between groups were
performed by analysis of variance (ANOVA) followed by LSD t-
test. Differences were considered statistically significant at
p<0.05. The correlation index was analyzed by Pearson's
correlation coefficient analysis; P<0.05 was considered
statistically significant.

Results

Effect of mCLCA3 antibody on OVA-induced airway
inflammation

Lung tissue was collected 24 h after the last OVA or PBS
aerosol challenge. OVA challenge-induced airway inflammation
was detected by HE staining. The results showed that in
comparison with the control saline challenge, there was a
significant increase in cell infiltration in the peribronchiolar and
perivascular connective tissues in the OVA challenge group,
including lymphocyte, monocyte and polymorphonuclear cells.
The majority of the infiltrated inflammatory cells were
eosinophils. Meanwhile, increased tracheal epithelium
exuviation, airway wall thickness, luminal stenosis, and mucus
plugs were found in the OVA-challenged mice. After treatment
with mCLCA3 antibody, there was no significant difference in
inflammatory cell infiltration; however, the antibody intervention
asthmatic mice showed a marked improvement in epithelium
exuviation, airway wall thickness, luminal stenosis, and mucus
plug formation(Figure 1).
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Effect of mCLCA3 antibody on muc5ac and cytokine
levels in BALF

There is now clear evidence that muc5ac production is a
signature of human and murine asthmatic models. The
regulation of muc5ac expression in airway epithelial cells is a
critical target for asthma treatment [23]. Evidence suggests that
asthma is caused by a Th2 immune response and that some
Th2 cytokines, such as IL-13, are involved in the regulation of
muc5ac production in asthmatic models [24,25]. Thus, muc5ac,
IL-13 and IFN-γ levels in BALF were measured using ELISA.
As shown in Figure 2, OVA-challenged mice induced
substantial muc5ac and IL-13 expression in BALF compared
with the control group. In contrast, IFN-γlevels did not differ
between the OVA-challenged group and control group.
Treatment with mCLCA3 antibody significantly reduced
muc5ac and IL-13 levels in BALF (p<0.05), whereas the
antibody had no significant effect on IFN-γ expression.

Effect of mCLCA3 antibody on goblet cell hyperplasia
and mCLCA3 expression

Lung tissue was collected 24 h after the last OVA or PBS
aerosol challenge. OVA-induced goblet cell hyperplasia and

mucus production were examined by PAS staining. The results
showed that there is a marked increase in goblet cell
hyperplasia and mucus hypersecretion within the bronchi in the
lung in OVA-challenged mice, but not PBS-challenged mice.
The mCLCA3 antibody markedly decreased goblet cell
hyperplasia (p<0.05) and inhibited mucus hypersecretion. The
OVA-induced goblet cell hyperplasia and mucus secretion was
significantly abated by mCLCA3 antibody as compared with the
control group (Figure 3A–C and G). We next examined the
expression of mCLCA3 by immunohistochemistry in all groups
of mice. The results suggested that mCLCA3 was not
expressed in the goblet cells of normal mice, whereas it was
markedly up-regulated in asthmatic mice. In the mCLCA3
antibody intervention asthmatic mouse model, the expression
of mCLCA3 was significantly decreased (Figure 3D–F and H).
These results indicate that mCLCA3 polyclonalantibody could
inhibit goblet cell hyperplasia through the suppression of
mCLCA3 expression.

Effect of mCLCA3 antibody on goblet cell apoptosis
Although the above results indicated that the mCLCA3

antibody could inhibit goblet cell hyperplasia, the mechanism of

Figure 1.  Effects of mCLCA3 antibody on OVA-induced airway inflammation.  Histological examination of lung tissue by HE
staining. (A) Control group; (B) Asthma group and (C) mCLCA3 antibody intervention group (magnification x400). (D) Quantitative
analyses of airway inflammation in lung sections. Data are shown as mean ± SEM, n = 5. (*P<0.05, compared with the control
group; #P<0.05, compared with the asthma group).
doi: 10.1371/journal.pone.0082367.g001
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mCLCA3 antibody action remains unclear. The decrease in
goblet cell number may be associated with apoptosis. Thus, we
questioned whether there was some connection between the
mCLCA3 antibody and goblet cell apoptosis. The apoptosis of
goblet cells in all groups of mice was examined using the
TUNEL and AB staining method. The results showed that OVA-

Figure 2.  Effects of mCLCA3 antibody on muc5ac and
cytokine levels in BALF.  BALF was collected 24 h after the
last OVA challenge. The muc5ac and cytokine levels were
detected by ELISA. (A) The expression of muc5ac in BALF
obtained from sensitized mice 24 h after the last PBS aerosol,
OVA aerosol and OVA plus antibody intervention challenge. (B)
The expression of IL-13 in BALF obtained from sensitized mice
24 h after the last PBS aerosol, OVA aerosol and OVA plus
antibody intervention challenge. (C) The expression of IFN-γ in
BALF obtained from sensitized mice 24 h after the last PBS
aerosol, OVA aerosol and OVA plus antibody intervention
challenge. Data are shown as mean± SEM, n = 5 (*P<0.05,
compared with the control group; #P<0.05, compared with the
asthma group).
doi: 10.1371/journal.pone.0082367.g002

challenged mice and mCLCA3 antibody intervention mice had
higher levels of goblet cell apoptosis compared with the control
group, and that mCLCA3 antibody intervention induced a high
rate of goblet cell apoptosis (Figure 4).

Effect of mCLCA3 antibody on apoptosis-associated
genes

Cell apoptosis appears to be controlled by a series of genes,
such as Bcl-2 and Bax. Upregulation of Bcl-2 inhibits multiple
forms of cell apoptosis whereas overexpression of Bax
accelerates cell apoptosis [26,27]. We next assessed the effect
of mCLCA3 antibody on the expression of Bcl-2 and Bax in
goblet cells via immunohistochemistry. PAS staining confirmed
the location of the goblet cells. A substantial decrease in the
Bcl-2 level was observed in the mCLCA3-treated mice, and
there was a significant increase in Bax expression in this group
compared with the control group (Figure 5A and B). Bcl-2 and
Bax mRNA levels were measured by RT-PCR, and protein
levels were detected by Western blot and
immunohistochemistry. As shown in Figure 5C, down-
regulation of the anti-apoptosis gene Bcl-2 was observed in
asthmatic mice and antibody intervention mice, whereas the
lowest level of Bcl-2 was detected in mCLCA3 antibody
intervention mice. In contrast, Bax expression was up-
regulated in asthmatic mice and antibody intervention mice,
and the highest level of Bax was observed after mCLCA3
antibody treatment. A positive correlation between apoptosis
and the ratio of Bax positive cells was indicated by Pearson's
correlation coefficient analysis (p<0.05) and there was a
negative association between Bcl-2 positive cells and
apoptosis (p<0.05).

Discussion

Asthma is a prevalent disease worldwide, with as many as
300 million people of all ages and ethnic backgrounds suffering
from asthma [28]. Allergic asthma is a complex chronic
inflammatory disorder characterized by airway inflammation
and mucus hypersecretion [29]. The direct link between
inflammatory airway disease and CLCA expression is
particularly interesting; all of these diseases are associated
with the overexpression of airway mucus, and there is some
evidence that some CLCA proteins are expressed selectively in
mucous cells [30–32]. Therefore, the development of mucus
hypersecretion in complex airway diseases may be marked or
driven by CLCA proteins [10].

The third murine CLCA homologue, mCLCA3 protein, plays
an absolutely essential role in allergic asthma. There is growing
evidence that mCLCA3 has been identified in goblet cells, and
that the suppression of mCLCA3 inhibits goblet cell
hyperplasia, whilst overexpression increases goblet cell
number in mice [5,6]. CLCA proteins can serve as useful
biomarkers as well as significant therapeutic targets for the
diagnosis and treatment of patients with chronic inflammatory
airway disease [10]. We therefore examined the role of the
mCLCA3 antibody in allergic asthma. A well-characterized
murine model of OVA-induced allergic asthma was used, in
which OVA exposure results in airway inflammation, goblet cell
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hyperplasia and mucus hypersecretion. Our present findings
reveal that mCLCA3 antibody treatment of asthmatic mice
effectively ameliorated the symptoms of asthma, such as
airway inflammation and muc5ac secretion. The results
indicated that the development of airway inflammation and
mucus hypersecretion was negatively correlated with the
presence of the mCLCA3 antibody.

There is some evidence that Th2 cells play an important role
in the pathogenesis of allergic airway inflammation [33]. Th2
cytokines such as IL-13 and IL-4 are produced by various
resident cells such as bronchial epithelial cells, alveolar
macrophages, and tissue mast cells as well as infiltrated
inflammatory cells such as lymphocytes and eosinophils [19].
There is growing evidence supporting the role of IL-13 in

Figure 3.  Effects of mCLCA3 antibody on OVA-induced goblet cell hyperplasia and mCLCA3 expression.  (A–C) Goblet cell
hyperplasia was detected by PAS staining. (A) Control group; (B) Asthma group and (C) mCLCA3 antibody intervention group
(magnification x400). (D-F) The expression of mCLCA3 in all groups was detected by immunohistochemistry. (D) Control group; (E)
Asthma group and (F) mCLCA3 antibody intervention group (magnification x400). (G) Quantitative analyses of goblet cell
hyperplasia in lung sections. (H) Quantitative analyses of mCLCA3 expression in lung sections. (I) The mRNA and protein level of
mCLCA3 in PBS aerosol, OVA aerosol and OVA plus antibody intervention group. Data are shown as mean± SEM, n = 5 (*P<0.05,
compared with the control group; #P<0.05, compared with the asthma group).
doi: 10.1371/journal.pone.0082367.g003

mCLCA3 Antibody Plays a Role in Asthma

PLOS ONE | www.plosone.org 6 December 2013 | Volume 8 | Issue 12 | e82367



allergic asthma. Our data show that the mCLCA3 antibody
significantly reduced the expression of IL-13 both in the BALF

Figure 4.  Effects of mCLCA3 antibody on OVA-induced
goblet cell apoptosis.  (A–C) Cell apoptosis was detected by
TUNEL and AB staining. (A) The control group; (B) asthma
group and (C) mCLCA3 antibody intervention group
(magnification x400). (D) Quantitative analyses of goblet cell
apoptosis in lung sections. Data are shown as mean± SEM, n =
5 (*P<0.05, compared with the control group; #P<0.05,
compared with the asthma group).
doi: 10.1371/journal.pone.0082367.g004

and serum. In contrast, the level of IFN-γ, a Th1 cytokine, did
not change in the presence of the antibody in BALF.
Unfortunately, measurements of IFN-γ in serum were
frequently below the level of detection.

Our findings demonstrate a dramatic reduction in mCLCA3
expression with less goblet cell hyperplasia in mCLCA3-treated
mice as compared with the control group. In addition, we found
that there was a dramatic increase in the rate of goblet cell
apoptosis in the asthmatic mouse model. It is well established
that the BCL-2 family, comprised of both pro-apoptotic and
anti-apoptotic members, has various pairs of antagonist and
agonist proteins that regulate programmed cell death
(apoptosis) either positively or negatively by as yet unknown
mechanisms [34,35]; Bax and Bcl-2 proteins are two members
of the Bcl-2 family that have pro-apoptotic and anti-apoptotic
effects, respectively. As shown in Figure 5, the expression of
Bax was up-regulated in a dose-dependent manner after
mCLCA3 antibody treatment. In contrast, the expression of
Bcl-2 was significantly down-regulated in mCLCA3 antibody-
treated mice. These results suggest that the antibody promots
the apoptosis of goblet cells in asthmatic mice by regulating the
expression of Bax and Bcl-2.

Taken together, the findings from our study indicated that the
mCLCA3 antibody effectively inhibits goblet cell hyperplasia,
airway inflammation and airway mucus hypersecretion. We
also observed that the mCLCA3 antibody induced goblet cell
apoptosis in mCLCA3 antibody intervention asthmatic mice.
The pro-apoptotic effect of the mCLCA3 antibody was
associated with Bcl-2 family proteins. The results of our study
provide evidence for the first time that the mCLCA3 antibody
effectively reduces OVA-induced goblet cell hyperplasia,
mCLCA3 expression, airway inflammation, airway mucus
hypersecretion and Th2 cytokines in a mouse asthma model.
These findings indicate that the mCLCA3 antibody may be an
effective agent against human asthma.
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Figure 5.  Effects of mCLCA3 antibody on apoptosis-associated genes.  (A) Bcl-2 and Bax expression in goblet cells was
measured by immunohistochemistry (magnification x400). (B) Quantitative analyses of Bcl-2 and Bax expression levels in goblet
cells. (C) The levels of Bcl-2 and Bax mRNA were detected by RT-PCR. (D) The expression of Bcl-2 and Bax in all groups of mice
was analyzed by Western blotting. Bcl-2 and Bax expression levels were normalized with β-actin values and are expressed as fold
changes compared to control. Data are shown as mean± SEM, n = 5 (*P<0.05, compared with the control group; #P<0.05,
compared with the asthma group).
doi: 10.1371/journal.pone.0082367.g005
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