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Abstract. The farnesoid X receptor (FXR) signaling pathway 
is known to be involved in the metabolism of bile acid, glucose 
and lipid. In the present study, we demonstrated that 400 µmol/l 
deoxycholic acid (DCA) stimulation promotes the proliferation 
of normal human gastric epithelial cells (GES-1). In addition, 
DCA activated FXR and increased the expression of intestinal 
metaplasia genes, including caudal-related homeobox tran-
scription factor 2 (Cdx2) and mucin 2 (MUC2). The treatment 
of FXR agonist GW4064/antagonist guggulsterone (Gug.) 
significantly increased/decreased the expression levels of 
FXR, Cdx2 and MUC2 protein in DCA-induced GES-1 cells. 
GW4064/Gug. also enhanced/reduced the nuclear factor-κB 
(NF-κB) activity and binding of the Cdx2 promoter region and 
NF-κB, the most common subunit p50 protein. Taken together, 
the results indicated that DCA is capable of modulating the 
expression of Cdx2 and the downstream MUC2 via the nuclear 
receptor FXR-NF-κB activity in normal gastric epithelial 
cells. FXR signaling pathway may therefore be involved in the 
intestinal metaplasia of human gastric mucosa.

Introduction

The abnormalities of various genes, and multiple signaling 
pathways were reported to be involved in the gastric cancer, 
a type of gastric epithelial malignancy (1-3). When subjected 
to various external stimuli, normal gastric mucosa suffers 
from gradual and piecemeal changes, including chronic 
inflammation, atrophy, intestinal metaplasia, dysplasia and 
tumorigenesis (1-3). Early detection, diagnosis and treat-

ment are crucial for the prognosis of patients with gastric 
cancer (1-3). Chronic atrophic gastritis (CAG) with intestinal 
metaplasia is an important precancerous lesion of gastric 
mucosa (2,3). The main type of gastric cancer is the intes-
tinal type, which is associated with several factors, such as 
Helicobacter pylori (Hp) infection, radiation, and chronic 
bile reflux (1-4). Bile acid-containing gastric and duodenal 
reflux induces the chronic inflammation of gastric mucosa and 
subsequently gastric intestinal metaplasia (4,5). Deoxycholic 
acid (DCA), secondary bile acid, is a type of carcinogenic 
factor of the gastrointestinal tract and has received increasing 
attention (5-7).

Farnesoid X receptor (FXR) is a member of the nuclear 
hormone receptor superfamily and is involved in the homeo-
stasis of bile acid, cholesterol and lipid (8-10). Bile acid, as 
an endogenous ligand, can induce FXR activation, which 
is involved in the abnormal growth of the digestive tract, 
chronic inflammatory disease, metabolic disease and carcino-
genesis (7-12).

Caudal-related homeobox transcription factor 2 (Cdx2) 
and mucin 2 (MUC2) are regarded as two key modulators of 
intestinal metaplasia (7,13-16). Cdx2, a key intestine-specific 
nuclear transcription factor, regulates the expression of genes 
on nutrient digestion and absorption, and plays an important 
role in the intestinal mucosa, epithelial cell differentiation, 
proliferation and the maintenance of early differentiation 
characteristics (13,15,17). Cdx2 is expressed from the early 
stages of embryonic development to mature individuals. Cdx2 
expression was reported to occur in intestinal epithelium from 
endodermal, but not normal gastric mucosa (7,18). However, 
accumulating evidence indicated that Cdx2 is also expressed 
in CAG-associated gastric intestinal metaplasia, Barrett's 
esophagus and some sections of gastric cancer (13,14,19-21). 
In a Cdx2 transgenic mouse model, the overexpression of 
Cdx2 induces morphologically the occurrence of the intes-
tinal metaplasia in gastric mucosa (19,22,23). Such ectopic 
expression of Cdx2 protein is considered an important initial 
factor or switching for intestinal metaplasia of gastric mucosa, 
and may modulate the differentiation process of intestinal 
epithelial cells.

As a specific marker of intestinal epithelial goblet cell, 
secreted MUC2 protein is involved in the renewal and 
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differentiation of epithelial cells and the maintenance of 
epithelial integrity (24,25). MUC2 protein is located downstream 
of the Cdx2 protein and can be regulated by Cdx2 (26). It was 
reported that the treatment of chenodeoxycholate (CDCA) on 
gastric epithelial RGM-1 cells in mice induces the ectopic 
expression of Cdx2 and MUC2 protein (7). However, the role 
of bile acid-FXR pathway in normal human gastric mucous 
epithelial GES-1 cells model remains to be elucidated.

The present study focused on the DCA-treated normal 
human GES-1 gastric mucosa cells at different concentrations 
for different time periods, and then analyzed cell prolifera-
tion and the role of FXR in gastric intestinal metaplasia. We 
found that DCA stimulated GES-1 cell growth and induced an 
increase in the expression levels of intestinal metaplasia genes 
in a time- and dose-dependent manner, including FXR, Cdx2 
and MUC2, via nuclear receptor FXR-NF-κB activity.

Materials and methods

Cells and treatments. Normal human gastric epithelial cells 
(GES-1) were purchased from the Beijing Institute for Cancer 
Research (China) and cultured in Roswell Park Memorial 
Institute 1640 (RPMI-1640) at 37˚C with 5% CO2, supplemented 
with 10% fetal bovine serum (FBS), 100 U/ml penicillin and 
100 µg/ml streptomycin (Gibco-BRL, Grand Island, NY, USA) 
in a humidified incubator. The GES-1 cells were untreated 
or treated with DCA (50, 200, 400, 600 and 1,000 µmol/l), 
400 µmol/l DCA plus 1.0 µmol/l GW4064 (FXR agonist) or 
400 µmol/l DCA plus 50 µmol/l guggulsterone (Gug.) (FXR 
antagonist) for different time points, respectively.

3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium (MTS) assay. The MTS assay 
was performed to measure GES-1 cell proliferation, using an 
ELISA microplate reader Multiskan (Thermo Labsystems, 
Beverly, MA, USA), according to the manufacturer's instruc-
tions. Briefly, the cells were cultured in 96-well plates and 
treated with the indicated dose of DCA. After incubation with 
20 µl MTS solution (Promega, Madison, WI, USA) for 4 h at 
37˚C, the absorbance value at 490 nm was measured.

Annexin V-fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) staining and flow cytometry. The apoptosis of 
DCA-treated GES-1 cells was assessed by flow cytometry, 
after double staining with Annexin V-FITC and PI using an 
apoptosis detection kit (Solarbio Life Sciences, Beijing, China). 
Briefly, 1x106 GES-1 cells/ml were washed gently with cold 
PBS solution, and incubated with 10 µl Annexin V-FITC and 
10 µl PI in binding buffer for 15 min, according to the manufac-
turer's instructions. Flow cytometry was then performed, using 
the Guava easyCyte system (Millipore, Billerica, MA, USA).

Terminal transferase dUTP nick end-labeling (TUNEL) 
assay. A TUNEL assay was performed to measure the apop-
tosis of simulated GES-1 cells, using a peroxidase In Situ 
Cell Death Detection kit (Roche, Germany), according to the 
manufacturer's instructions. Briefly, GES-1 cells were cultured 
on coverslips and fixed in 4% formaldehyde. The TUNEL 
reaction mix was then added. The apoptosis index (AI) was 
calculated by the ratio of TUNEL-positive cells to total cells.

Western blotting. Western blotting was performed to detect the 
expression levels of FXR, Cdx2 and MUC2 proteins. Briefly, 
total cell lysates of GES-1 were harvested using Nonidet P-40 
buffer [50 mM Tris-HCl (pH 7.6), 0.5% Nonidet P-40, 0.1 mM 
EDTA, 300 mM NaCl, 20% glycerol, 1 mM sodium butyrate, 
0.1 mM sodium orthovanadate], supplemented with protease 
inhibitor mixture (Roche Applied Science, Indianapolis, IN, 
USA) for 10 min on ice. The protein samples were resolved using 
SDS-PAGE and then transferred to ImmunoBlot polyvinylidene 
fluoride membranes (Millipore) by semi-dry electroblotting. 
The membranes were blocked with 5% non-fat dry milk for 
2 h and incubated with primary antibodies overnight at 4˚C. 
The primary antibodies used were: rabbit anti-FXR (Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, USA), rabbit anti-
Cdx2 (Cell Signaling Technology, Beverly, MA, USA), mouse 
anti-MUC2 (Sigma-Aldrich, St. Louis, MO, USA), mouse anti-
GAPDH (Zhongshan Jinqiao, Beijing, China) antibodies. After 
washing, the membranes were visualized with an enhanced 
chemiluminescence detection kit (Amersham Biosciences, 
Pittsburgh, PA, USA) using horseradish peroxidase-conjugated 
goat anti-rabbit or anti-mouse secondary antibodies (Bio-Rad, 
Hercules, CA, USA). Band density in the western blot assay 
was digitized with TotalLab software (Tyne and Wear, UK) 
and normalized to GAPDH protein.

Luciferase reporter assay. GES-1 cells were cultured and 
co-transfected with pNF-κB-Luc plasmid (Clontech, Palo Alto, 
CA, USA) and pRL-TK (Promega), using Lipofectamine 2000. 
After 18 h, cells were treated or not treated with 400 µmol/l 
DCA, 400 µmol/l DCA plus 1.0 µmol/l GW4064 or 400 µmol/l 
DCA plus 50 µmol/l Gug. for 6 h, and then luciferase activity 
was assessed with a dual luciferase reporter assay kit (Promega), 
according to the manufacturer's instructions. Each assay was 
performed in triplicate and repeated at least three times.

Chromatin immunoprecipitation (ChIP) assay. The 
GES-1 cells were untreated (control group) or treated with 
400 µmol/l DCA, 400 µmol/l DCA plus 1.0 µmol/l GW4064, 
or 400 µmol/l DCA plus 50 µmol/l Gug. for 6 h, respectively. 
Formaldehyde (1%) was added to the treated or untreated 
GES-1 cells at 37˚C for 10 min. Glycine (125 mM) (pH 7.0) 
was used to stop the cross-linking. The nuclear extracts were 
then prepared and 10% extracts were saved as input. The 
expression levels of input for p50 or p65 protein were detected 
by western blotting, using rabbit anti-p65 (Cell Signaling 
Technology), rabbit anti-p50 (Cell Signaling Technology), or 
rabbit anti-histone H3 (Abcam, Cambridge, UK) as a nuclear 
control. Additional extracts were precleared with protein G 
Dynabeads (Invitrogen-Life Technologies, Carlsbad, CA, 
USA) and immunoprecipitated with rabbit anti-p65, anti-p50, 
or rabbit IgG (Sigma-Aldrich) antibodies, and then the protein 
G Dynabeads (Invitrogen-Life Technologies). Dynabeads were 
washed three times with buffer containing 10 mM Tris-HCl 
(pH 8.0), 140 mM NaCl, 1 mM EDTA, 0.1% Triton X-100 and 
once with TE buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA). 
Dynabeads were divided into two portions. In one portion, the 
chromatin fragments were eluted from dynabeads with elution 
buffer containing 62.5 mM Tris-HCl (pH 6.8), 200 mM NaCl, 
2% SDS, 10 mM dithiothreitol and crosslinks were reverted by 
heating at 65˚C overnight. In the other portion, the amount of 
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enriched p65 or p50 protein was analyzed by the western blot 
analysis and TotalLab software.

DNA was extracted with phenol/chloroform and ethanol 
precipitated from the chromatin fragments and input frac-
tion. The amount of bound Cdx2 promoter fragments was 
measured with a FastStart Universal SYBR-Green Master 
(Rox) (Roche Diagnostics, Basel, Switzerland) using an 
Applied Biosystems 7900 Fast Real-Time PCR system 
(Applied Biosystems, Foster City, CA, USA). The primer 
sequences targeting the promoter region of human Cdx2 
gene (NM_001265, position from -371 to -234) were used: 
5'-CCTCGACGTCTCCAACCAT-3' (forward) and 5'-CCA 
CTAGGCTGCAGAGGC-3' (reverse). The ΔCt value of the 
immunoprecipitated Cdx2 promoter fragment was normal-
ized to the input fraction Ct value in the same assay. The 
ΔΔCt value was then determined by subtracting the ΔCt 
(normalized anti-IgG group) from the ΔCt (normalized 
anti-p65 or p50 group). Relative binding amount of Cdx2 
promoter fragment was calculated by raising 2 to the power 

of the negative-ΔΔCt and then normalized to the amount of 
enriched p65 or p50 protein. The level of control group was 
set on 1.

Statistical analysis. Data were presented as the means ± SE 
(standard error). SPSS 16.0 software was used to perform 
one-way analysis of variance (ANOVA) and followed multiple 
mean comparisons using the Student-Newman-Keuls test. 
P<0.05 was considered statistically significant for all the 
analyses. The experiments were repeated three times.

Results

Effect of DCA on the proliferation and apoptosis of the 
GES-1 cells. To determine the effect of DCA stimulation on the 
proliferation of GES-1, the cells were cultured in vitro and then 
treated with DCA (0, 50, 200, 400, 600 and 1,000 µmol/l) for 
24 h, respectively. As shown in Fig. 1A, evident proliferation, 
strong refraction and exteremely few exfoliated cells were 

Figure 1. DCA affects the proliferation and apoptosis of GES-1 cells in a dose-dependent manner. The GES-1 cells were cultured and treated with the DCA 
agent with the indicated concentrations (50, 200, 400, 600 and 1,000 µmol/l) or not (control) for 24 h, respectively. (A) Images of cells in different groups. 
(B) Cell proliferation was measured by an MTS assay. One-way analysis of variance (ANOVA) was performed, and significant differences were indicated as: 
*P<0.05, **P<0.01. (C) Cell apoptosis was also measured by Annexin V-FITC/PI staining, followed by flow cytometry. DCA, deoxycholic acid; GES-1, gastric 
epithelial cells.
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observed in 50, 200 and 400 µmol/l DCA groups. Although the 
number of exfoliated cells and intercellular space increased, 
cell refractive difference decreased in 600 and 1,000 µmol/l 
DCA groups. Notably, cytoplasmic vacuoles increased 
and the cell membranes ruptured in some DCA (600 and 
1,000 µmol/l)-treated GES-1 cells. The proliferation of cells 
was then analyzed by an MTS assay. The data in Fig. 1B show 
that DCA stimulation promoted the proliferation of normal 
human GES-1 cell in a dose-dependent manner. Compared 
with the 0 µmol/l control group, the highest reproductive rate 
of GES-1 cells was detected in the 400 µmol/l group (P<0.01). 
The treatment of 1,000 µmol/l DCA for 24 h resulted in a 
decrease of GES-1 cell proliferation (P<0.05). Furthermore, 
the potential apoptotic mode of DCA-treated GES-1 cells 
was evaluated by double staining with FITC-conjugated 
annexin V/PI, followed by flow cytometry. As shown in 
Fig. 1C, after exposure to 1,000 µmol/l DCA, increased GES-1 
cells underwent late apoptosis or necrosis (19.76%, Annexin 
V-FITC+/PI+), compared with the control group (3.45%). 
However, the treatment of 50, 200, 400 and 600 µmol/l DCA 
failed to efficiently induce apoptosis of the GES-1 cells. 

In addition, the MTS and TUNEL assays were performed 
in GES-1 cells under the treatment of 400 µmol/l DCA for 
different time points (0, 3, 6, 12, 24, 48 and 72 h). As shown 
in Fig. 2A, the highest reproductive rate was detected in the 
6 h group (P<0.01), whereas the lowest reproductive rate was 
detected in the 72 h group (P<0.05), compared with the 0 h 
group. A reverse trend was observed in the apoptosis level 
of GES-1 cells. As shown in Fig. 2B, compared with the 
0 h group, the 400 µmol/l DCA for 48 and 72 h induced the 
apoptosis of GES-1 cells, whereas 400 µmol/l DCA for 6 h 
reduced cell apoptosis (P<0.05). The highest apoptotic rates 
were detectable in the 72 h group (P<0.01). These observa-
tions demonstrated that the effect of DCA on the growth of 
GES-1 cells exhibited duality, i.e., DCA promoted prolifera-
tion and attenuated the apoptosis of GES-1 cells in vitro under 
a low-moderate dose for short period of time. Inhibition of the 
cell proliferation and an increase of apoptosis under a high 
dose for a long period of time may be associated with the 
toxicity of DCA to GES-1 cells.

Effect of DCA on the expression of FXR, Cdx2 and MUC2 
in GES-1 cells. We performed western blotting to detect the 
expression levels of FXR, Cdx2 and MUC2, to determine the 
role of DCA in the intestinal metaplasia and its expression in 
GES-1 cells. As shown in Fig. 3, when the GES-1 cells were 
treated with DCA (0, 50, 100, 200 and 400 µmol/l) for 6 h, the 
expression of endogenous FXR, Cdx2 and MUC2 increased 
at the protein levels in a dose-dependent manner. Compared 
with the 0 µmol/l control group, the highest expression levels 
of FXR, Cdx2 and MUC2 protein were observed in the 
400 µmol/l group (P<0.001, P<0.01). Significantly increased 
expression levels of FXR, Cdx2 and MUC2 mRNA were also 
observed as measured using quantitative PCR (qPCR) in the 
400 µmol/l DCA-treated GES-1 cells (data no shown).

Under the treatment of 400 µmol/l DCA, we also examined 
the expression level of FXR, Cdx2 and MUC2 in GES-1 cells 
at different time points (0, 3, 6, 12 or 24 h). As shown in Fig 4, 
compared with the 0 h group, the expression levels of FXR 
and Cdx2 protein increased at 3 h, reached a maximum at 

6 h (Fig. 4A-C, P<0.001) and then decreased at 12 and 24 h 
(Fig. 4A-C, P<0.01, P<0.05) while MUC2 expression increased 
following DCA treatment, showing the highest signal at 
12 h (Fig. 4A and D, P<0.001), and then decreased at 24 h 
(Fig. 4A and D, P<0.05). A similar trend was detectable when 
FXR, Cdx2 and MUC2 mRNA levels were measured (data not 
shown). These results suggested that, after the stimulation of 
DCA in GES-1 cells, FXR expression increased and gradually 
induced the expression of Cdx2 and intestinal metaplasia 
marker MUC2.

GW4064/Guggulsterone affect the expression of FXR, Cdx2 
and MUC2 in DCA-induced GES-1 cells. To provide insight 
into the role of FXR regulation and its downstream gene 
expression in the DCA-induced gastric mucous membrane 
intestinal metaplasia, we utilized the synthetic high-affinity 
FXR agonist GW4064 and FXR antagonist Gug. As shown 
in Fig. 5, compared with the control group, when GES-1 cells 
were treated with 400 µmol/l DCA for 6 h, the expression levels 
of FXR, Cdx2 and MUC2 protein increased. However, the 
treatment of FXR agonist GW4064 significantly increased the 
expression levels of FXR, Cdx2 and MUC2 protein (P<0.01). 
By contrast, after FXR antagonist Gug. stimulation, the upreg-
ulation of DCA-induced FXR, Cdx2 and MUC2 expression 
was attenuated (P<0.05). The similar trend was also obtained 

Figure 2. DCA affects the proliferation and apoptosis of GES-1 cells in a 
time-dependent manner. The GES-1 cells were cultured and treated with 
400 µmol/l DCA for the indicated time points (0, 3, 6, 12, 24, 48 and 72 h), 
respectively. (A) Proliferation or (B) apoptosis of cells was then measured by 
an MTS or TUNEL assay. One-way analysis of variance was performed, and 
significant differences were indicated as follows: *P<0.05, **P<0.01. DCA, 
deoxycholic acid; GES-1, gastric epithelial cells.
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in the measure of FXR, Cdx2 and MUC2 mRNA levels (data 
not shown). These results demonstrated that DCA is capable of 
modulating the expression of Cdx2 and the downstream MUC2 

via the nuclear receptor FXR. Additionally, FXR signaling 
pathway plays an important role in DCA-induced gastric intes-
tinal metaplasia and carcinogenesis.

Figure 3. DCA induces the expression of FXR, Cdx2 and MUC2 protein in GES-1 cells. (A) GES-1 cells were cultured and treated with the DCA agent with the 
indicated concentrations (50, 100, 200 and 400 µmol/l) or not (control), respectively, for 6 h. The expression levels of FXR, Cdx2 and MUC2 protein were mea-
sured by western blotting. (B-D) Band density was digitized with TotalLab software, and the expression levels of FXR, Cdx2 and MUC2 protein were normalized 
against the GAPDH protein. One-way analysis of variance (ANOVA) was performed, and significant differences were indicated as follows: ***P<0.001, **P<0.01. 
DCA, deoxycholic acid; FXR, farnesoid X receptor; Cdx2, caudal-related homeobox transcription factor 2; MUC2, mucin 2; GES-1, gastric epithelial cells.

Figure 4. Effect of 400 µmol/l DCA on the expression of FXR, Cdx2 and MUC2 proteins in GES-1 cells. (A) GES-1 cells were cultured and treated with the 
400 µmol/l DCA for the indicated time (0, 3, 6, 12 and 24 h), respectively. The expression levels of FXR, Cdx2 and MUC2 protein were measured by western 
blotting. (B-D) Band density was digitized with TotalLab software, and the expression levels of FXR, Cdx2 and MUC2 protein were normalized against the 
GAPDH protein. One-way analysis of variance (ANOVA) was performed, and significant differences were indicated as follows: *P<0.05, **P<0.01, ***P<0.001. 
DCA, deoxycholic acid; FXR, farnesoid X receptor; Cdx2, caudal-related homeobox transcription factor 2; MUC2, mucin 2; GES-1, gastric epithelial cells.



LI et al:  DCA-INDUCED INTESTINAL METAPLASIA IN GES-1 CELLS 2679

GW4064/Guggulsterone affect DCA-induced NF-κB activity 
and binding of the Cdx2 promoter and p50 protein. Moreover, 
we analyzed the association between FXR and NF-κB 
activity. GES-1 cells were co-transfected with pNF-κB-Luc 
and pRL-TK plasmid. After 18 h, the cells were treated or not 
treated with 400 µmol/l DCA, 400 µmol/l DCA plus 1.0 µmol/l 
GW4064 or 400 µmol/l DCA plus 50 µmol/l Gug. for 6 h, 
respectively. The reporter activity was then measured. As 
shown in Fig. 6A, NF-κB activity in the GES-1 cells increased 
in response to DCA stimulation, compared with the control 
group (P<0.01). GW4064 enhanced the activity (P<0.05), 
whereas Gug. significantly reduced the activity (P<0.01), 
suggesting that DCA-induced FXR activation is closely related 
with the NF-κB activity. We then performed the CHIP assay 
to investigate the role of GW4064/Gug. in the association 
between p50/p65 protein and Cdx2 promoter regions. As 
shown in Fig. 6B-C, the input of p50 and p65 increased in the 
DCA group, compared with the control group (P<0.001), which 
may be due to the nuclear location or upregulation of p50/p65 
expression in response to the DCA stimulation. However, the 
DCA-induced increase of nuclear p50/p65 protein was not 
affected by treatment with GW4064 or Gug. In addition, the 
precipitated nuclear p50 and p65 increased in the DCA group, 
compared with the control group (Fig. 6D). Thus, the amount 
of bound Cdx2 promoter fragment was normalized with the 
input fraction and the band density value of the enriched 
p50 and p65 protein. The results showed that DCA exposure 

enabled p50 protein to interact with the Cdx2 promoter 
(Fig. 6E, P<0.01) but not p65 (Fig 6F). GW4064 enhanced the 
binding activity of p50 protein and the Cdx2 promoter region 
(Fig. 6E, P<0.05), By contrast, Gug. reduced the Cdx2 target 
region enriched by the p50 protein (Fig. 6E,  P<0.01). These 
data demonstrated that DCA activated the FXR pathway and 
induced the expression of Cdx2 by stimulating the NF-κB 
mediated transcriptional activity of the Cdx2 promoter.

Discussion

Besides the intestinal system, kidneys, liver or adrenal glands, 
FXR exhibits a low expression level in the stomach, heart, lung 
and fat tissue (9,11,12,27-29). In the present study, we observed 
FXR expression at a significantly lower level in cultured 
human GES-1 gastric mucosa cells and assessed the functional 
connection between bile acid-FXR pathway and intestinal 
metaplasia of gastric mucosa cells.

As the major cause of gastric mucosal injury, bile reflux 
is one of the risk factors for gastric cancer. However, the 
exact molecular mechanism remains elusive. CDCA, DCA 
and bile acid lithocholic acid are important ingredients that 
act as FXR ligands to activate the FXR pathway (7,8). In 
order to mimic the bile reflux, CDCA or DCA is often used 
to treat gastric mucosal cells, and then further investigate 
the molecular mechanism. It was reported that activation of 
the FXR pathway in mice is able to resist the gastrointestinal 

Figure 5. GW4064/guggulsterone (Gug.) affect the expression of FXR, Cdx2 and MUC2 in 400 µmol/l DCA-treated GES-1 cells. (A) GES-1 cells were 
cultured and treated with 400 µmol/l DCA, 400 µmol/l DCA plus 1.0 µmol/l GW4064 or 400 µmol/l DCA plus 50 µmol/l Gug. for 6 h, respectively. (B-D) 
Band density was digitized with TotalLab software, and the expression levels of FXR, Cdx2 and MUC2 protein were normalized against the GAPDH protein. 
One-way analysis of variance (ANOVA) was performed, and significant differences were indicated as: *P<0.05, **P<0.01. FXR, farnesoid X receptor; Cdx2, 
caudal-related homeobox transcription factor 2; MUC2, mucin 2; DCA, deoxycholic acid; GES-1, gastric epithelial cells.
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mucosal damage of non-steroidal anti-inflammatory drugs 
(NSAIDs) (30). FXR functions to protect gastric epithelial 
cells against inflammation-mediated damage (11). Those find-
ings suggest that proper stimulation of FXR serves as a type 
of protective mechanism for mucosa. However, in the present 
study, DCA was used to treat normal human GES-1 cells to 
mimic the bile reflux. We found that stimulation of the low-
moderate concentration of DCA on human GES-1 cells for a 
short period of time increased cell viability and activated the 
FXR pathway and the expression of Cdx2, the critical modu-
lator of intestinal metaplasia in gastric mucosa, which is in 
concordance with the results obtained in a mouse model by 
Xu et al (7). The results indicated that activation of the FXR 
function differs in various ligands. In the intestinal system, 
FXR expression contributes to the normal cell function and 
inhibition of tumor promotion, whereas in stomach, abnormal 
FXR predisposes individuals to intestinal metaplasia in gastric 
mucosa and tumors occurrence.

Factors, such as NF-κB and MAPK pathways, contribute 
to the enhancement of Cdx2 expression (15,18,31). The 
transcription factor NF-κB activates the gene transcription 
of many cell processes, including inflammation, cell prolif-
eration, differentiation and apoptosis (32,33). A typical NF-κB 
complex contains the heterologous dimer p50-p65 (32,33). 
Under resting state, p50 and p65 are associated with the IκB 

predominantly in the cytoplasm of the majority of cells. When 
treated with toxins, lipopolysaccharides, phospholipase A and 
other stimuli, NF-κB separates from IκB, translocates into 
the nuclear compartment, and then binds to its target gene 
promoter or enhancer to regulate gene transcription (32,33). 
It was reported that Cdx2 promoter contains NF-κB binding 
sites, and can be combined with different subunits of NF-κB. 
p65 and p50 exhibit different roles of transcriptional activity 
of Cdx2 (31,34,35). The translocation of NF-κB p50 and p65 
subunits is associated with the upregulation of Cdx2, and 
the binding of p50 subunit with the Cdx2 promoter fragment 
leads to an increase in the promoter activity of Cdx2 in human 
esophageal cells (34,36). In the present study, we also observed 
activation of the NF-κB pathway in the DCA-treated human 
GES-1 cells. Additionally, the binding activity of NF-κB p50 
protein and Cdx2 gene can be affected by the FXR pathway 
inhibitors or activators. This effect means that the NF-κB 
pathway is involved in the upregulation of Cdx2 expression 
in the DCA-induced FXR pathway activation, resulting in 
intestinal metaplasia of gastric mucosa.

Previous studies have shown that activated Cdx2 plays a 
role in the intestinal metaplasia of gastric mucosa and gastric 
tumorigenesis through the association with the expression of 
claudin-3 and -4, cyclooxygenase-2 (COX-2), Sonic hedgehog 
(Shh) or mutations of p53, and APC genes (19,37-39). For 

Figure 6. GW4064/guggulsterone (Gug.) affect DCA-induced NF-κB activity and the binding of Cdx2 promoter and p50 protein. (A) GES-1 cells were cultured 
and transfected with pNF-κB-Luc and pRL-TK plasmid using Lipofectamine 2000. After 18 h, the cells were treated or not treated with 400 µmol/l DCA, 
400 µmol/l DCA plus 1.0 µmol/l GW4064 or 400 µmol/l DCA plus 50 µmol/l Gug. for 6 h, respectively. Reporter activity was then measured. (B-C) The 
chromatin immunoprecipitation (CHIP) assay was performed with the stimulated GES-1 cells, using anti-p50 and anti-p65 antibodies. Extracts (10%) were 
included as input and measured by the western blotting using antibodies specific for p50 and p65. The histone H3 was used as a nuclear loading control. The 
levels of p50 and p65 were normalized against the corresponding H3 protein. (D-F) The enriched p50 or p65 proteins were detected via western blotting. 
Normal rabbit IgG was used as an isotype control. One-way analysis of variance (ANOVA) was performed and significant differences were indicated as fol-
lows: ***P<0.001, *P<0.05, **P<0.01. DCA, deoxycholic acid; Cdx2, caudal-related homeobox transcription factor 2; GES-1, gastric epithelial cells.
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example, the homeobox protein Cdx2 reduces Cox-2 transcrip-
tion by inactivating the DNA-binding capacity of NF-κB (39). 
Cdx2 was reported to enhance significantly the expression of 
MUC2 mRNA via binding to the MUC2 gene promoter (26). 
The present study has shown that the expression levels of Cdx2 
and MUC2 were enhanced by the DCA-induced FXR signal. 
The highest expression level of MUC2 was at 12 h, later than 
FXR and Cdx2, which is in concordance with the results of 
Xu et al (7). It is possible that DCA exposure first leads to 
the upregulation of FXR and Cdx2 expression, which then 
increases the expression of MUC2 in GES-1 cells. Similarly, 
the expression of other intestinal genes, such as CDX1 and 
defensin-5, also delayed the Cdx2 protein in human gastric 
mucosa with intestinal metaplasia (40). The findings suggest 
that DCA-induced FXR-Cdx2 pathway is involved in the 
intestinal metaplasia of gastric mucosa, the premalignant 
lesion of the intestinal type of gastric cancer.

Chronic bile reflux, a common phenomenon after subtotal 
gastrectomy, aggravates the damage of gastric and esopha-
geal mucosa, and even results in the occurence of gastric 
ulcer, gastric cancer, Barrett's esophagus and esophageal 
cancer (4,41,42). Cdx2 protein is not expressed in normal 
gastric mucosa. However, long-standing bile reflux alters 
the microenvironment of the gastric mucosa through many 
factors, such as bile and gastric acid and Hp, and thus form a 
type of microenvironment, similar to the gut. Such a microen-
vironment contributes to the activation of FXR or the NF-κB 
signaling pathway. Cdx2 protein regulates intestinal gene 
expression in intestinal metaplasia of gastric mucosa. However, 
the role of Cdx2 protein in the pathogenesis of cancer remains 
to be elucidated and may be tissue-specific.

Upregulation of Cdx2 inhibits proliferation of the 
MGC-803 gastric cancer cell line in vitro (43). Cdx2 was 
also reported to repress the proliferation of pancreatic cancer 
cells through the modulation of cyclin D1 transcriptional 
activity (44). These results suggest that Cdx2 functions as 
the tumor-suppressor gene. It is speculated that, in the early 
stage, ectopic expression of Cdx2 acts as the original cause of 
intestinal metaplasia, and maintains the intestinal phenotype 
of gastric cells to repress the malignant progression. Along 
with the enhancement of the extracellular stimuli, such a role 
of Cdx2 was disturbed, and the precancerous lesion of gastric 
mucosa was then transformed into gastric cancer. With the 
increase of the malignant or differentiated extent of tumor 
tissues, Cdx2 is downregulated or mutated (13,19-21,45). 
Therefore, assessing and providing appropriate interventions 
on the aberrant expression phase of FXR, CDX2 or MUC2, 
the related gene mutation in gastric precancerous lesion and 
cancer contributes to the early diagnosis of gastric cancer with 
the intestinal type, the judgment of malignant degree, or even 
the preventiion or reversal of gastric intestinal metaplasia in 
patients. In the present study, the experiment based on the 
cell culture model was not effective for the detection of FXR, 
CDX2 or MUC2 expression phase changes. More experiments 
using clinical samples are to be performed in our laboratory to 
verify the results obtained.

In summary, the stimulation of DCA is capable of inducing 
the ectopic expression of Cdx2 and MUC2 in human gastric 
epithelial cells via FXR-mediated estrogen receptor activation 
and FXR-associated NF-κB activity. DCA, a key biological 

sensor or metabolic regulator, acts as the activator of gastric 
mucosa FXR and causes intestinal metaplasia. This plays an 
important role in the intestinal metaplasia of gastric mucosa 
induced by bile reflux, which is involved in the dysplasia or 
carcinogenesis of gastric mucosa.
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