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contributes to epithelial to mesenchymal transition and COX-2
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Background: Epithelial-mesenchymal transition (EMT) and cyclooxygenase-2 (COX-2) contribute
to airway remodelling and inflammation in chronic obstructive pulmonary disease (COPD). Recent data
suggest that the farnesoid X receptor (FXR), a nuclear receptor traditionally considered as bile acid-activated
receptor, is also expressed in non-classical bile acids target tissues with novel functions beyond regulating bile
acid homeostasis. This study aimed to investigate the potential role of FXR in the development of COPD, as
well as factors that affect FXR expression.

Methods: Expression of FXR, EMT biomarkers and COX-2 was examined by immunohistochemistry in
lung tissues from non-smokers, smokers, and smokers with COPD. The role of FXR in TGF-B1-induced
EMT and COX-2 expression in human bronchial epithelial (HBE) cells was evaluated in vitro. Factors
regulating FXR expression were assessed in cultured HBE cells and a cigarette smoke-induced rat model of
COPD.

Results: Expression of FXR, EMT markers and COX-2 was significantly elevated in small airway
epithelium of COPD patients compared with controls. The staining scores of FXR in small airway
epithelium were negatively related with FEV,% of predicted of smokers without and with COPD. FXR
agonist GW4064 remarkably enhanced and FXR antagonist Z-Guggulsterone significantly inhibited EMT
changes in T'GF-B1-treated HBE cells. Both chenodeoxycholic acid (CDCA) and GW4064 increased COX-2
expression in HBE cells, whereas Z-Guggulsterone dramatically restrained CDCA-induced COX-2
expression. Finally, FXR expression is induced by IL-4 and IL-13 in HBE cells, as well as by cigarette smoke
exposure in a rat model of COPD.

Conclusions: Overexpression of FXR in small airway may contribute to airway remodelling and
inflammation in COPD by regulating EMT and COX-2 expression.
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Introduction

Chronic obstructive pulmonary disease (COPD) is
characterised by progressive airflow limitation mainly due
to abnormal airway remodelling and inflammation. The
narrowing of small airways leads to increased peripheral
airway resistance of patients with COPD (1). Although
mechanisms of airway remodelling in COPD are not
yet clearly elucidated, epithelial-mesenchymal transition
(EMT) has been implicated in this process (2,3). During
EMT, airway epithelial cells can acquire a mesenchymal
phenotype and transform into fibroblasts/myofibroblasts,
which produce excessive ECM proteins. Elevated
mesenchymal biomarkers including a-smooth muscle
actin (a-SMA), vimentin and collagen type I, as well as
decreased epithelial biomarkers E-cadherin, ZO-1 and
cytokeratin have been observed in small airway epithelium
from COPD patients. Moreover, EMT features of the
bronchial epithelium are associated with the severity of
airway limitation (3,4), suggesting the involvement of EMT
in progression of COPD. The induction of EMT in human
bronchial epithelial (HBE) cells was also observed upon the
stimulation with cigarette smoke or TGF-B1 in vitro (3,5).
Taken together, these findings indicate the involvement
of EMT in airway remodelling of COPD. However, the
underlying mechanisms of EMT in small airways (<2.0
mm in diameter) of COPD lungs remain to be further
elucidated.

Cyclooxygenase-2 (COX-2), a key enzyme in the
conversion of arachidonic acid into prostaglandins E2
(PGE,), is an important player in airway inflammation of
COPD. The levels of COX-2 and PGE, are significantly
increased in COPD lungs, and the expression of PGE2
is associated with the severity of airflow limitation (6-8).
Several types of lung cells, including airway epithelial cells
and lung fibroblasts, are capable of producing COX-2 in
response to toxic irritators such as cigarette smoke, bile
acid aspiration and bacterial infection (9-11). Moreover,
inhibition of COX-2 or COX-2-induced PGE, was shown
to attenuate airway inflammation and the development of
emphysema in cigarette smoking (CS)-exposed rats (12,13),
supporting a role for COX-2 in the pathobiology of COPD.

Farnesoid X receptor (FXR), a member of the nuclear
receptor superfamily, is highly expressed in the liver
and gastrointestinal tract where it regulates bile acid
homeostasis, lipid and glucose metabolism (14,15).
Unconjugated bile acids, such as chenodeoxycholic acid
(CDCA), are the natural ligands that activate FXR. In
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addition, synthetic FXR agonists such as GW4064 have also
been identified (16). Increasing evidences suggest that FXR
is also expressed in non-classical bile acids target tissues with
novel functdons (17-19). For example, expression of FXR in the
vasculature regulates the transport of cholesterol and vascular
tension (15,20). FXR has been detected in human airway
epithelial cell lines and pulmonary vascular endothelial cells
(21,22), and it has been shown to protect lipopolysaccharide-
induced acute lung inflammation and improve lung
regeneration in animal model (23). Recently, we reported the
increased FXR expression in idiopathic pulmonary fibrosis
(IPF) lungs and its contribution to bile acids-induced alveolar
EMT and lung fibroblast activation (24). These findings
indicate that FXR may be involved in the pathophysiology of
lung diseases. However, to date, the expression and potential
role of FXR in COPD remains unclear.

This study aimed to examine FXR expression in small
airway epithelium of COPD lungs and investigate whether
FXR regulates EMT and COX-2 expression in HBE
cells. Furthermore, factors regulating FXR expression in
bronchial epithelial cells were also analyzed.

Methods
Patients

The human lung tissues in this study were obtained from
patients undergoing lung cancer resection for a solitary
peripheral carcinoma at Ren Ji Hospital, School of
Medicine, Shanghai Jiao Tong University and Affiliated
Hospital of Xuzhou Medical College between July 2010 and
August 2015. The subjects were divided into three groups:
non-smokers with normal lung function (NS), smokers
with normal lung function (S), and smokers with COPD.
Smokers were defined as those who have a smoking history
of at least 10 pack years and COPD patients were diagnosed
according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) guidelines. Patients were excluded
if they met the following criteria: other systemic diseases;
glucocorticoid treatment for 2 months before surgery;
respiratory tract infections during the previous 6 weeks;
received chemotherapy or radiotherapy. This study was
approved by the local ethics committee. All subjects
provided an informed consent.

Cell culture and reagents

HBE cells were obtained from American Type Culture
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Collection and cultured in DMEM with 10% fetal bovine
serum (FBS; Gibco) in a humidified atmosphere containing
5% CO, at 37 °C. Cells were serum-starved overnight in
DMEM without FBS before various treatments.

Recombinant human TGF-p1, IL-4 and IL.-13 was
purchased from R&D Systems (Minneapolis, MN, USA).
CDCA was purchased from Sigma (St. Louis, MO, USA),
GW4064 and Z-guggulsterone were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA).

Histopathology and immunobistochemistry

Histopathology of paraffin-embedded lung tissue
sections were conducted using haematoxylin and eosin
(H&E) staining. FXR expression in lung tissue was using
immunohistochemical staining as previously described (25).
The primary antibodies used for immunostaining were
as follows: rabbit polyclonal anti-FXR antibody (1:100)
and mouse monoclonal vimentin antibody (1:100) from
Abcam, mouse monoclonal E-Cadherin antibody (1:100)
and rabbit monoclonal COX-2 antibody (1:100) from BD
Biosciences. Immunostaining without primary antibodies
was used as negative controls. Semi-quantification of the
immunostaining was performed using a visual scoring
method as previously described (26). Staining intensity was
scored as follows: 0= no staining; 1= moderate staining;
2= intense staining; 3= very intense staining. The percentage
of immunostaining-positive cells was categorized into four
groups: 0=0%; 1=1-25%; 2=26-50%; 3=51-75%; 4=76-100%.
Staining scores were generated by multiplication of
the percentage of positive bronchial epithelial cells and
staining intensity. Ten random microscopic fields at high
magnification from each slide were analyzed. Each field
was individually assessed and the expression score was
determined by obtaining the mean score of all the fields.
Two pathologists blinded to the clinical data reviewed the
histology slides independently.

Real-time polymerase chain reaction (PCR) amplification

Total RNA was extracted using TRIzol (Life Technologies,
NY, USA), and reverse transcription was performed
according to standard methods. Real-time PCR was
performed by a ViiA™ 7 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). GAPDH was used as the
loading control. The fold change of the SHP was calculated

according to the 27**“ method. The primers were as follows:

SHP, F-AGGCCTCCAAGCCGCCTCCCACATTGGGC
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and R-GCAGGCTGGTCGGAAACTTGAGGGT;
GAPDH, F-ACAGTCAGCCGCATCTTCTT and
R-GACAAGCTTCCCGTTCTCAG.

Western blotting

Western Blotting was performed using standard protocols.
In brief, cells were harvested by using SDS lysed buffer.
Equal amounts of proteins among different treatment
groups were electrophoresed in 10% SDS-PAGE gels and
transferred to a nitrocellulose membrane. Membranes
were blocked in 3% BSA and incubated subsequently with
rabbit polyclonal FXR antibody (1:500), mouse monoclonal
antibodies for a-SMA (1:5,000), vimentin (1:4,000) and
GAPDH (1:10,000) from Abcam, mouse monoclonal
E-Cadherin antibody (1:5,000) from BD Bioscience, and
mouse monoclonal SHP (1:500) from Santa Cruz overnight
at 4 °C. HRP-conjugated monoclonal goat anti-rabbit or
anti-mouse IgG antibodies were used as the secondary
antibody. Bands were visualized with ECL reagents (Thermo
Scientific, Waltham, MA, USA). Densitometric scans were
quantified using NIH Image J and values were presented as
relative intensities compared to GAPDH.

Rat model of COPD model

Sprague-Dawley (SD) rats weighing 180-200 g, purchased
from by Department of Laboratory Animal Sciences,
Ren Ji Hospital, Shanghai Jiao Tong University School of
Medicine, were divided into control and smoke-exposed
group. The procedures for establishing rat model of COPD
were done as previously described (27,28). Briefly, SD
rats were placed in 6-L Perspex chambers and exposed
to cigarette smoke (CS) generated from 18 cigarettes per
day or room air. Cigarettes used in this study were non-
filtered and contained 12 mg tar oil and 1.25 mg nicotine
per cigarette (Da Qian Men; Shanghai Tobacco Factory,
Shanghai, China). At the end of 8 weeks, all rats were
killed and their lung tissues were fixed in formalin and
embedded in paraffin. All experiments were approved by
the Institutional Animal Care and Use Committee.

Statistical analyses

Experimental data were presented as means + standard
error mean (SEM) and SPSS 18.0 was used for statistical
analysis. The associations between variables were analyzed
by Pearson’s correlation coefficient. The differences among

F Thorac Dis 2016;8(11):3063-3074



3066

Table 1 Demographic characteristics of the patient groups

Variables NS S COPD
Number 11 15 13
Age (years) 56+5 59+11 62+7
Sex (male/female) 2/9 15/0 11/2
FEV, (% predicted) 944 88.3+3 63.3+3
FEV,/FVC (%) 99+5.3 1012 63.2+2
Pack year history 0+0 26+15 35+23
BMI (kg/m?) 24.1£3.7 23.4+3.2 22.9+2.1
GOLD stage

1 - - 2

2 - - 8

3 - - 3

4 - - -

Values are shown as mean + SEM. SEM, standard error mean;
NS, non-smokers; S, smokers; pack-year =1 year smoking
20 cigarettes per day; COPD, chronic obstructive pulmonary
disease; FEV,, forced expiratory volume in 1 s; FVC, forced vital
capacity; BMI, body mass index; GOLD, Global Initiative for
Chronic Obstructive Lung Disease.

groups were examined by using Student’s 7-test or ANOVA.
Significance was accepted as P<0.05.

Results
Patient demographic characteristics

Demographic characteristics and pulmonary function
functional evaluation of the study subjects are shown in
Table 1. All patient groups exhibited a similar age range
and BMI values. Compared with subjects without COPD,
patients with COPD had lower FEV,% predicted and
FEV,/FVC values.

FXR expression is increased in small airways of buman
COPD lungs and correlated with lung function decline

Immunohistochemistry staining showed that FXR expression
was significantly increased in the small airway epithelium
from patients with COPD compared with non-smoker and
smoker controls, and FXR was predominantly located to the
nuclei of bronchial epithelial cells, but was also found in the

cytoplasm. Moreover, a marked increase in FXR staining
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was found in the small airway epithelium of smoker controls
compared with non-smokers (Figure 1A4,B).

FEV,% of predicted is the most valuable parameter to
assess the severity of airflow limitation in COPD patients.
We next examined whether FXR expression in the small
airways correlated with FEV % of predicted. Correlation
analysis performed in smokers without and with COPD
showed that the staining scores of FXR in small airway
epithelium were negatively related with FEV,% of predicted
(r=-0.303, P<0.01, Figure 1C). These results indicate that
overexpression of FXR in small airway epithelium may have a
potential role in the progression of COPD.

FXR can be biologically activated in bronchial epithelial cells

To examine whether FXR is functional in airway epithelium,
we evaluated the induction of expression of SHP, the known
FXR target gene, in response to the primary bile acid
CDCA (a natural FXR ligand) or GW4064 (a synthetic
FXR agonist). Real-time PCR showed that both CDCA and
GW4064 increased the levels of SHP mRNA in HBE cells.
In contrast, FXR antagonist Z-Guggulsterone significantly
inhibited CDCA-induced SHP mRNA expression in HBE
cells (Figure 24).

As FXR activation can also be regulated by some
inflammatory mediators, we explored whether TGF-B1,
the critical mediator in airway remodelling, could induce
activation of FXR in HBE cells. We found that TGF-1 also
increased SHP mRNA expression in HBE cells (Figure 2B),
suggesting the activation of FXR by TGF-p1 in HBE
cells. The expression of SHP protein was also induced by
CDCA or TGF-B1, which was dramatically inhibited by
Z-Guggulsterone (Figure 2C). Furthermore, both CDCA
and TGF-P1 increased FXR protein expression in HBE cells
(Figure 2D). "Together, these findings indicated that FXR can
be biologically activated by CDCA and T'GF-1 in HBE cells.

Overexpression of FXR contributes to EMT changes in
buman small airway epithelium

Since EMT has been implicated in the process of airway
remodelling in COPD, we next investigated whether
FXR was involved in EMT of airway epithelium. We first
assessed the expression of EMT biomarkers in small airway
epithelium (<2.0 mm in diameter) from patients with lung
resection. The immunohistochemistry staining revealed
the downregulation of E-cadherin and upregulation of
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Figure 1 The expression of farnesoid X receptor (FXR) in small airway epithelium of human lungs and its correlation with lung function

decline. (A) Immunostaining for FXR in the small airway epithelium of non-smokers control, smokers control, and smokers with COPD (400x

magnification, scale bar =100 pm); (B) semi-quantification of FXR protein expression using visual scoring in the small airways epithelium.
Data are expressed as means + SEM. *P<0.05, compared with NS group; *P<0.05, compared with S group; (C) correlation between staining
scores of FXR in small airways and FEV,% of predicted of smokers without and with COPD. COPD, chronic obstructive pulmonary

disease; FEV, forced expiratory volume in 1 s; NS, non-smokers; S, smokers; SEM, standard error mean.
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Figure 2 FXR can be biologically activated in bronchial epithelial cells. (A) Real-time PCR analysis of SHP mRNA in HBE cells treated
for 24 h with 2 pM GW4064, 50 pM CDCA and 50 pM CDCA following pretreatment with Z-guggulsterone (Z-Gu) for 2 h. Data are
expressed as mean = SEM (n=3), *P<0.05, compared with control; *P<0.05, compared with CDCA; (B) SHP mRNA expression was evaluated
by real-time PCR in HBE cells treated with 5 ng/mL TGF-B1 for 24 h. *P<0.05, compared with the control; (C) after pretreatment with
Z-guggulsterone for 2 h, HBE cells were stimulated with 50 pM CDCA or 5 ng/mL TGF-B1 for 48 h, and then SHP expression was
determined by Western blot analysis. The immunoblots shown are representative of three separate experiments; (D) Western blot analysis of
FXR expression in HBE cells treated with CDCA or TGF-B1 for 48 h. FXR, farnesoid X receptor; PCR, polymerase chain reaction; CDCA,
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vimentin in small airway epithelium of COPD lungs
compared with non-smoker and smoker controls,
indicating the presence of active EMT (Figure 34).
Moreover, increased vimentin was also observed in small
airway epithelium of smoker compared with non-smoker
controls by scoring (Figure 3B).

To investigate if FXR would regulate the airway EMT,
HBE cells were stimulated with TGF-B1 (5 ng/mL) for
72 hours to induce EMT. As shown in Figure 3C, TGF-p1
significantly downregulated E-cadherin and upregulated
a-SMA and vimentin in HBE cells, confirming the reliability
of TGF-B1-induced EMT in HBE cells. Co-treatment of
the FXR agonist GW4064 remarkably enhanced TGFp1-
induced changes in 0-SMA, vimentin and E-cadherin in
HBE cells, whereas it only slightly enhanced TGFp1-
induced a-SMA. In addition, GW4064 also slightly
induced changes of EM'T markers (Figure 3D). In contrast,
co-treatment with FXR antagonist Z-Guggulsterone
significantly reversed TGF-B1-induced changes in a-SMA,
vimentin and E-cadherin in HBE cells (Figure 3E). These
results indicate that FXR regulates EMT in human small
airway epithelium.

Overexpression of FXR regulates the bile acid-induced
COX-2 expression in buman small airway epithelial cells

Gastroesophageal reflux disease (GERD) is recognized as
a potential risk factor for exacerbation of COPD (29) and
the bile acid aspiration has been reported to induce lung
injury by promoting COX-2 expression in human alveolar
epithelial cells (11). Therefore, we next explored whether
FXR activation could regulate the bile acid-induced COX-2
expression in HBE cells. The immunohistochemistry showed
enhanced COX-2 expression in small airway epithelium
of COPD lungs compared to smoker or non-smoker
controls, suggesting the overproduction of COX-2 in
airways from patients with COPD. Furthermore, COX-2
staining scores were higher in smoker controls than that
in non-smokers (Figure 44,B). Western blotting analysis
showed that stimulation of HBE cells with CDCA led to
a significant increase in COX-2 expression in a dose and
time-dependent manner (Figure 4C,D). When stimulated
with GW4064, an enhanced COX-2 expression was also
observed in HBE cells (Figure 4E). In contrast, pretreatment
with FXR antagonist Z-Guggulsterone markedly abrogated
CDCA-induced COX-2 expression (Figure 4F). Taken
together, these results indicate that FXR contribute to the
bile acid-induced COX-2 expression in HBE cells.
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FXR expression is induced by inflammatory mediators in
vitro and cigarette smoke exposure in vivo

Finally, we went on to investigate other factors regulating
FXR expression in HBE cells. IL-4 and IL-13 are pleiotropic
Th, cytokines known to mediate airway remodelling and
inflammation of COPD. Western blotting showed that
stimulation with IL-4 or IL-13 induced FXR expression in
cultured HBE cells (Figure 5A4,B). To investigate the effect
of CS on FXR expression in airways iz vive, we induced a rat
COPD model by exposing rats to CS. HE staining showed
more thickened bronchial wall and prominent inflammatory
cell infiltration around airway and alveolar septa in
CS-exposed rats (n=8) compared with controls (n=8). The
immunohistochemical staining revealed the overexpression
of FXR in small airway epithelium of lungs form CS-exposed
rats compared to controls (Figure 5C,D). Together, these
results indicate that FXR expression is induced by I1L-4 and
IL-13 in vitro and CS exposure in vivo.

Discussion

In the present study, we demonstrated for the first time that
FXR regulates EMT and COX-2 expression in the small
airways of patients with COPD. We observed that FXR
was increased in the small airway epithelium of patients
with COPD compared with non-smokers and smokers
with normal lung function. Furthermore, FXR expression
in small airway epithelium was correlated with FEV,%
predicted of smokers without COPD and smokers with
COPD. Functional experiments indicate that FXR regulates
TGF-Bl-induced EMT and CDCA-induced COX-2
expression in HBE cells. In addition, FXR expression was
induced by IL-4 and IL-13 in vitro and CS exposure in vivo.
Taken together, these findings suggest that overexpression
of FXR contributes to airway remodelling and inflammation
in COPD.

FXR was reported to be distributed in a variety of tissues,
with abundant levels in liver, gastrointestinal tract, and
adrenal gland (14). A few in vitro studies demonstrated the
expression of FXR in human airway epithelial cell lines
and pulmonary endothelial cells, suggesting the potential
role of FXR in lung diseases (21,22). Recently, we have
demonstrated FXR expression in the alveolar epithelium,
alveolar macrophages, and bronchial epithelial cells in
normal lungs and upregulation of FXR in IPF lungs (24).
However, up to date, the expression of FXR in COPD
lungs has not been reported. In this study, we revealed
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Figure 3 Overexpression of FXR is involved in EMT in human small airway epithelium. (A) Immunohistochemistry staining for epithelial
marker E-cadherin and mesenchymal marker vimentin in the small airway epithelium of non-smokers control, smokers control, and smokers
with COPD (400x magnification, scale bar =100 pm); (B) quantification of vimentin expression using visual scoring in the small airways
epithelium,*P<0.05, compared with NS group; “P<0.05, compared with S group; (C) Western blot analysis of a-SMA, vimentin, and E-cadherin
(E-cad) in HBE cells incubated with 5 ng/mL TGF-B1 for 72 h; (D) HBE cells were stimulated with 5 ng/mL TGF-B1 for 48 h in the
presence of 2 pM GW4064, and then expression of 0-SMA, vimentin and E-cad was determined by Western blot. The immunoblots shown are
representative of three separate experiments. Densitometry after normalization to loading control was shown (n=3), *P<0.05, compared with
control; "P<0.05, compared with TGF-B1; (E) after pretreatment with Z-Gu (20 and 40 uM) for 2 h, HBE cells were stimulated with 5 ng/mL
TGF-B1 for 72 h and then expression of a-SMA, vimentin, E-cadherin was determined by Western blot. Relative densitometry is presented
(n=3), *P<0.05, compared with control; “P<0.05, compared with TGF-B1. FXR, farnesoid X receptor; EMT, epithelial-mesenchymal transition;
COPD, chronic obstructive pulmonary disease; HBE, human bronchial epithelial; NS, non-smokers; S, smokers.

that FXR expression was detected in human small airway
epithelium and was upregulated in COPD lungs. Of note,
overexpression of FXR in small airway was correlated with
airflow limitation, indicating FXR may be involved in the
development and progression of COPD.
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EMT serves as an important source of the fibroblasts and
myofibroblasts that arise during the course of airway fibrosis.
The presence of EMT changes has been well-documented
on larger airways in patients of COPD. However, airway
remodelling in COPD, such as peribronchiolar fibrosis,
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Figure 4 Overexpression of FXR contributes to bile acid-induced cyclooxygenase-2 (COX-2) in human small airway epithelial cells. (A) The
expression of COX-2 was detected in the small airway epithelium of non-smokers control, smokers control, and smokers with COPD by
immunostaining (400x magnification, scale bar =100 pm); (B) quantification of COX-2 expression using visual scoring in the small airways
epithelium, *P<0.05, compared with NS group; "P<0.05, compared with S group. (C,D) Western blot analysis of HBE cells treated with
various concentrations of CDCA for 48 h or 50 pM CDCA for indicated times. Relative densitometry is presented (n=3) with representative
blot shown above, *P<0.05, compared with control; (E) HBE cells were stimulated with various concentrations of 2 pM GW4064 for 48 h.
COX-2 expression was determined by western blot. Relative densitometry is displayed (n=3), *P<0.05, compared with control; (F) after
pretreatment with Z-Gu (20 and 40 pM)) for 2 h, HBE cells were stimulated with 50 pM CDCA for 48 h and then COX-2 expression
was examined by western blot. Relative densitometry is presented from three independent experiments, *P<0.05, compared with control;
**P<0.05, compared with CDCA. FXR, farnesoid X receptor; COPD, chronic obstructive pulmonary disease; CDCA, chenodeoxycholic
acid; HBE, human bronchial epithelial.

is mainly located in small airways. Furthermore, the
large and small airways have different anatomical and
pathophysiological characteristics (30). Therefore, the role
of active EMT in small airways remains to be elucidated.
Our data demonstrated the downregulation of E-cadherin
and upregulation of vimentin in small airway epithelium
of the COPD lungs, indicating the active EMT in small
airways of COPD patients. These results are consistent with

© Journal of Thoracic Disease. All rights reserved.
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previous findings that EMT contributed to remodelling
of small airways in COPD (3,30,31). Up to date, there are
limited data regarding the potential role of FXR in EMT.
A recent study on pancreatic cancer demonstrated that
overexpression of FXR promotes tumor migration and
invasion, both of which are closely related to EMT (32).
We have recently reported that FXR contributed to bile
acid-induced EMT in alveolar epithelial cell line A549,
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Figure 5 FXR expression is enhanced by inflammatory mediators in vitro and cigarette smoke exposure in rat model of COPD. HBE cells
were treated with various concentrations of IL-4 (A) and IL-13 (B) for 48 h. And then COX-2 expression was determined by Western
blot analysis. Relative densitometry is displayed from three separate experiments, *P<0.05, compared with control. (C) HE staining and
immunochemistry for FXR were conducted in lung tissues from the control (n=8) and cigarette smoke-exposed rats (n=8) (HE, 200x
magnification; FXR staining, 400x magnification; scale bar =100 pm); (D) semi-quantification of COX-2 expression visual scoring in the
small airway epithelium. *P<0.05, versus control. FXR, farnesoid X receptor; COPD, chronic obstructive pulmonary disease; HBE, human

bronchial epithelial; COX-2, cyclooxygenase-2.

suggesting the involvement of FXR in alveolar EMT (24).
The present study demonstrated the contribution of FXR
to EMT in small airways of COPD lungs as the following
findings: Firstly, we found that TGF-B1, the strong inducer
of EMT, could biologically activated FXR in HBE cells.
Secondly, FXR agonist GW4064 could enhance TGF-
Bl-induced EMT in HBE cells, whereas FXR antagonist
Z-Guggulsterone inhibited this process in HBE cells. To the
best of our knowledge, this is the first study exploring the
role of FXR in EMT in small airways. Since EMT features

© Journal of Thoracic Disease. All rights reserved.

of airway are found to be associated with the severity
of airway limitation (3,4), overexpression of FXR may
contributed to airflow limitation in COPD patients through
promoting EMT in small airways. Additional studies are
needed to further clarify the underlying mechanisms.
Accumulating evidences suggest that airway epithelial
cells can participate in persistent airway inflammation via
the secretion of multiple inflammatory mediators, such as
COX-2, in response to Cigarette smoke and other irritants.
COX-2 is the main contributor to the production of
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pro-inflammatory prostanoids in airway inflammation and
other inflammatory diseases (7,9,33). Similar to previous
reports (6,7), our data also demonstrated the overexpression
of COX-2 in small airways of COPD lungs. It has been
reported that the bile acid CDCA promotes COX-2
expression in primary human alveolar epithelial cells (11),
and FXR mediates bile acid-induced COX-2 expression in
esophageal cancer cell lines (34). We further investigated
whether bile acid also could induce COX-2 in airway
epithelial cells and if FXR was involved in this process.
We found that CDCA also promoted COX-2 expression
in HBE cells, and this effect was greatly attributed to
FXR activation since FXR agonist GW4064 also induced
COX-2 expression and FXR antagonist Z-Guggulsterone
markedly inhibited CDCA-induced COX-2 expression.
It is well-known that GERD is common in patients with
COPD and related to COPD exacerbations (29), however,
the underlying mechanisms remain unclear. The gastric
contents contain gastric acid and non-acid contents such as
bile acids. Over a long time, gastric acid has been conceived
as the dominant toxic agent in GER-associated lung
diseases. However, the role of non-acid gastric contents is
increasingly recognized in GERD-associated lung diseases
(35-37). Our data indicated that bile acids aspiration may
promote airway inflaimmation via FXR-mediated COX-2
expression, providing a novel insight of the association
between GERD and COPD exacerbations. The optimal
strategies for treating GERD in patients with COPD may
involve targeting gastric acid and bile acids reflux, rather
than acid suppression therapy alone. However, since bile
acid aspiration was only found in a proportion of COPD
patients, the contribution of FXR activation to airway
inflammation in COPD would not be fully explained by bile
acid aspiration. Additional studies are required to investigate
whether other factors such as inflammatory mediators and
environmental triggers, may be involved in FXR activation
in the airways of COPD. In contrast to our findings, a
recent study demonstrated that FXR protects against
lipopolysaccharide-induced acute lung inflammation (23).
Such contradictory effects of FXR may be related to various
etiologies of this condition, and further investigations are
needed.

In addition to overexpression in COPD lungs, FXR was
also overexpressed in small airways from smokers compared
with non-smokers. These findings indicated that both COPD
and CS exposure itself might regulate FXR expression.
Indeed, enhanced FXR in small airway epithelium form
CS-exposed rats confirmed the induction of FXR by CS
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exposure in vivo. Furthermore, we demonstrated that the
two inflammatory mediators IL-4 and IL-13 promoted
FXR expression in HBE cells. The Th, cytokines IL-4 and
IL-13 are generally known to be the critical mediators in
airways hyper-reactivity in asthma. However, both of these
cytokines have been demonstrated to be involved in the
development and progression of COPD (38). It has been
reported that the expression of IL-4 and IL-13 was increased
in airways of smokers with chronic bronchitis (39). In
airways from patients with COPD, the upregulation of IL-4,
IL-13 potentially stimulate the overexpression of FXR,
which contributes to airway inflammation and remodelling of
COPD. Therefore, there may exist a vicious cycle between
FXR and persistent airway inflammation and remodelling in
COPD. The hyperplasia of reprogrammed epithelial basal
stem cell system in smoke exposed epithelium also play a
role in COPD-relevant airway epithelial remodeling (40),
which may affected FXR expression in small airway of
COPD and CS-exposed rat lungs. However, our data
indicated that upregulation of FXR was the “active player”
in airway remodelling in COPD, rather than the subsequent
response to airway remodelling. The underlying molecular
mechanisms underlying the regulation of FXR expression
remains to be further elucidated in additional studies.

There are some limitations of the current study. First,
the strength of our findings in the present study is limited
by the relatively small sample size for COPD, and further
studies with larger sample sizes are needed. Despite this
limitation, our data indicate the potential role of FXR in
the development and progression of airway remodelling
and inflammation in COPD. Second, the precise molecular
mechanisms underlying the regulatory function of FXR
on EMT and airway inflammation of COPD remain to be
further elucidated.

In conclusion, overexpression of FXR in small airways
of COPD lungs may contribute to airway remodelling
and inflammation through regulating EMT and COX-
2 expression. Both inflammatory mediators and cigarette
smoke promote FXR expression in small airway epithelium.
FXR would be a potential therapeutic target for future
management of COPD.
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