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Activation of FXR promotes intestinal metaplasia of gastric cells
via SHP-dependent upregulation of the expression of CDX2
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Abstract. Gastric intestinal metaplasia (IM) induced by bile
acid is a precancerous lesion of gastric adenocarcinoma and
is associated with the expression of caudal-related homeobox
2 (CDX2). In the present study, the role of farnesoid X
receptor (FXR) on the regulation of CDX2 in gastric cells
was investigated and the underlying molecular mechanisms
were examined. Human gastric cell lines were treated with
chenodeoxycholic acid (CDCA) or FXR agonist GW4064.
Cells were treated with CDCA in the presence or absence of
the FXR antagonist or FXR siRNA transfection. Next, cells
were treated with CDCA in the presence or absence of SHP
siRNA transfection and FXR, CDX2 and SHP mRNA and
protein levels were determined by reverse transcription-quan-
titative polymerase chain reaction and western blot analysis.
A chromatin immunoprecipitation assay was performed
to examine the relationship between FXR and SHP and the
expressions of FXR and CDX2 in gastritis and IM tissues
were detected using immunohistochemistry. The results
revealed that CDCA was able to induce CDX2 expression,
which could be blocked by inhibition or knockdown of FXR.
Mechanistically, FXR directly induced the expression of small
heterodimer partner (SHP). SHP knockdown significantly
decreased CDCA-induced CDX?2 expression. ChIP results
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indicated that FXR could directly bind SHP promoter and
promote SHP expression. Finally, immunohistochemistry
results demonstrated that the expression levels of CDX2 and
FXR in human IM lesions were significantly higher, compared
with those in gastritis lesions, and were positively correlated.
Collectively, these results revealed that the activation of FXR
and sequential direct transcriptional induction of SHP were
involved in the expression of CDX2 induced by bile acid in
gastric IM lesions.

Introduction

Intestinal metaplasia (IM) induced by bile acid is considered
to be the most important precancerous lesion of intestinal
type gastric cancer (1). IM is characterized by the expres-
sion of caudal-related homeobox 2 (CDX2), a transcription
factor that is important for intestinal tract development and
differentiation during embryogenesis (2,3). In adult humans,
CDX2 acts as a tumor suppressor, which is strictly confined
to the intestine and cannot be detected in normal gastric
mucosa. However, the aberrant expression of CDX2 in the
upper digestive tract is pro-oncogenic, and is observed in
gastric IM and gastric carcinoma (4). It has been reported that
transgenic mice overexpressing CDX?2 caused extensive IM
progression in the stomach, which may be associated with the
downstream intestinal specific genes of CDX2 (5). Therefore,
CDX2 is considered to be a trigger in the progression of
gastric IM.

Farnesoid X receptor (FXR) is a member of nuclear meta-
bolic receptors. FXR also functions as a transcription factor
and directly binds to DNA as a heterodimer with common
partner retinoid X receptor to regulate the expression of
downstream genes when activated by bile acid. It has been
demonstrated that FXR is involved in the bile acid-induced
progression of IM and the expression of various intestinal
specific genes, including CDX2 (6,7). However, the molecular
mechanism remains to be fully elucidated.

In the present study, it was found that FXR and CDX2 were
upregulated and positively correlated in gastric IM tissues. In
addition, the results demonstrated that the molecular mecha-
nism by which the expression of CDX2 is mediated involved
the direct transcriptional regulation of small heterodimer
partner (SHP) by the nuclear receptor FXR.
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Materials and methods

Tissue specimens and immunohistochemistry. Biopsy speci-
mens of gastric IM (61 patients) and gastritis (55 patients) were
obtained under endoscopy following the provision of informed
consent from patients at the Department of Pathology of Xijing
Hospital (Xi'an, China) between March 2011 and February
2013. Corresponding clinical data were obtained from medical
records. The present study was approved by the Institutional
Review Board of Xijing Hospital.

The tissues were fixed in 10% formalin and
paraffin-embedded. IM and gastritis were diagnosed through
standard hematoxylin and eosin staining. For immunohis-
tochemistry, tissue sections (4 ym) were incubated with
rabbit polyclonal anti-CDX2 antibody (cat. no. sc-134468;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA; dilution
1:100) and anti-FXR antibody (cat. no. sc-13063, Santa Cruz
Biotechnology, Inc.; dilution 1:100) at 4°C overnight. Negative
controls were incubated with rabbit IgG (Dako, Glostrup,
Denmark). The intensity of staining was divided into four
grades (intensity scores): Negative (0), weak (1), moderate (2)
and strong (3). The histological score was determined using the
following formula: Overall score=percentage score x intensity
score. An overall score of 0-12 was calculated and graded as
negative (score 0-2), or positive (score 3-12).

Cell culture and treatment. The normal GES-1 human gastric
epithelial cell line, AGS, BGC-823 and MKN-45 human gastric
adenocarcinoma cell lines, and SGC-7901 human gastric carci-
noma cell line were obtained from the Academy of Military
Medical Science (Beijing, China) and cultured in RPMI-1640
medium. All cells were maintained at 37°C in a humidified
incubator containing 5% CO,. Chenodeoxycholic acid (CDCA,;
Sigma-Aldrich; Merck Millipore, Darmstadt, Germany; cat.
no. ¢9377), GW4064 (FXR agonist; Tocris Bioscience, Bristol,
UK; cat. no, 2473), and the FXR antagonist guggulsterone
(Gug; Sigma-Aldrich; Merck Millipore; cat. no. 1302214) were
dissolved in dimethyl sulfoxide. The cells (1-5x10°) were seeded
in six-well and 6 cm cell culture dish respectively. When the
cells reached 80-90% confluence, they were serum-deprived
overnight and then treated with CDCA (0, 50, 100 and 200 M)
in the presence or absence of Gug (5, 50 and 100 #M) or
GW4064 (0.25,0.5, 1, 5 and 10 uM) for 24 h under 37°C.

Plasmid construction and transfection. The small interfering
RNA (siRNA) oligonucleotides for FXR, SHP and the negative
control were designed and synthesized by Guangzhou RiboBio
Co., Ltd. (Guangzhou, China). The sequences were as follows:
FXR siRNA: Sense: 5'-GCCACUUCUUGAUGUGCUATT-3',
anti-sense: 5'-UAGCACAUCAAGAAGUGGCTT-3', SHP
siRNA: Sense: 5-GCAGUGGCUUCAAUGCUGUTT-3'
anti-sense: 5"ACAGCAUUGAAGCCACUGCTT-3". Transient
transfection was performed using DharmaFect Transfection
reagent (Thermo Fisher Scientific, Inc., Waltham, MA, USA;
cat. no. T-2002-03) according to the manufacturer's protocols.
The cells were collected 48 h following transfection.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) analysis. Total RNA from
the cultured cells was extracted using TRIzol (Invitrogen;
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Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol, and cDNA was synthesized using the PrimeScript RT
reagent kit (Takara Biotechnology Co., Ltd., Dalian, China; cat.
no. DRRO37A). qPCR was performed using SYBR Premix Ex
Taq II (Takara Biotechnology Co., Ltd.; cat. no. DRR820A) and
measured in a LightCycler 480 system (Roche Diagnostics, Basel,
Switzerland). The thermocycling procedure was as follows:
Initial denaturation at 95°C for 5 min, followed by 39 cycles at
95°C for 5 sec, and at 60°C for 30 sec. GAPDH was used as the
endogenous control and relative quantification was evaluated
using the 222“method (8). The primers are listed in Table I.

Western blot analysis. Proteins were prepared from the
cultured cells with complete cell lysis with protease and
phosphatase inhibitor (Roche Diagnostics). Protein concen-
trations were determined using bicinchoninic acid Protein
Assay kit (Thermo Fisher Scientific, Inc.; cat. no. 23227).
The denatured proteins (10-50 ug) were separated on
SDS-PAGE (10% gel) and transferred onto nitrocellulose filter
membranes. The membranes were blocked in 10% skimmed
milk in TBST (0.1% Tween-20) for 1 h at room temperature
and then incubated with the following primary antibodies:
Rabbit polyclonal CDX2 (Cell Signaling Technology, Inc.;
cat. no. 12306; 1:1,000), rabbit polyclonal kruppel like factor
4 (KLF4; Cell Signaling Technology, Inc.; cat. no. 12173;
1:1,000), rabbit polyclonal villin-1 (Cell Signaling Technology,
Inc.; cat. no. 2369; 1:1,000), rabbit polyclonal mucin 2
(MUC?2; Abcam, Cambridge, MA, USA; cat. no. ab76774;
1:1,000), rabbit polyclonal FXR (Abcam; cat. no. ab155124;
1:1,000), rabbit polyclonal SHP (Santa Cruz Biotechnology,
Inc.; cat. no. sc-2305; 1:1,000), mouse monoclonal [3-actin
(Sigma-Aldrich; Merck Millipore; cat. no. A2228; 1:2,000)
at 4°C overnight. Subsequent to be washed with TBST for
3 time, membranes were incubated with anti-Immunoglobulin
G conjugated with horseradish peroxidase antibody (Cell
Signaling Technology, Inc.; cat. no. 8457/3700; 1:2,000) at
room temperature for 1 h. Then the bands were scanned using
the ChemiDocXRS+ imaging system (Bio-Rad Laboratories,
Inc., Hercules, CA, USA) and quantified using Quantity One
v4.6 software (Bio-Rad Laboratories, Inc.).

Chromatin immunoprecipitation (ChIP) assay. The GES-1
cells were prepared for the ChIP assay using a ChIP assay
kit (Thermo-Fisher Scientific, Inc.; cat. no. 26156) according
to the manufacturer's protocols. Immunoprecipitation was
performed with rabbit polyclonal anti-FXR antibody (Abcam;
cat. no. ab28676; 10 yg/ml) and normal rabbit IgG (Abcam;
cat. no. ab172730; 4 ug/ml) as a control at 4°C overnight. The
resulting precipitated DNA specimens were analyzed using
PCR (25 ul, total reaction system with 2 ul DNA) to amplify a
159-bp region of the SHP promoter with the following primers:
Forward, 5-GGCTGGCTTCCTGGCTTAGC-3' and reverse
5'-CTGCCCCTTATCAGATGACTC-3'". The thermocycling
procedure was as follows: Initial denaturation at 98°C for
5 min, followed by 33 cycles at 98°C for 30 sec, 58°C for 20 sec
and at 68°C for 20 sec. The PCR products were resolved elec-
trophoretically on a 3% agarose gel and stained with ethidium
bromide. The gel was subjected to Peiqing JS-380A auto-focus
gel image analyzing system (P&Q Science & Technology Inc.
Shanghai, China, http://www.peiging.com/.).
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Table I. Primers used for reverse transcription-quantitative polymerase chain reaction analysis.

Gene Forward primer (5'-3") Reverse primer (5'-3")

CDX2 GCTGGAGCTGGAGAAGGAGTT CCTTTGCTCTGCGGTTCTG

MUC2 CAACCAGCACGTCATCCTGAA GATGCAAATGCTGGCATCAAAG
KLF4 AAGAGTTCCCATCTCAAGGCAA GGGCGAATTTCCATCCACAG
Villinl GCTTGGCAACTCTAGGGACTGG TGAGGTTGCTGTTAGCATTGACAC
SHP CAAGGAATATGCCTGCCTGA TTCCAGGACTTCACACAGCAC
GAPDH ATGTCGTGGAGTCTACTGGC TGACCTTGCCCACAGCCTTG

CDX2, caudal-related homeobox 2; MUC2, mucin 2; KLF4, kruppel like factor 4; SHP, small heterodimer partner.

Statistical analysis. SPSS software (version 12.0; SPSS Inc.,
Chicago,IL, USA) was used for statistical analyses. Continuous
data are presented as the mean =+ standard error of the mean.
Differences between two groups were analyzed by an unpaired
two-tailed Student’s t-test and differences between multiple
groups were analyzed by one-way analysis of variance with
Tukey’s post-hoc test. Categorical variables are presented as
rate and were compared between two groups with a 2 test.
The linear correlation coefficient (Pearson's R) was calculated
to determine the correlation between the expression of FXR
and CDX2 in tissues. P<0.05 was considered to indicate a
statistically significant difference.

Results

CDCA-induced expression of CDX2 and its downstream
intestinal-specific genes MUC2, KLF4 and villin-1 in GES-1
cells. To investigate the possible effects of bile acid on the
progression of gastric IM, the present study investigated the
expression of CDX2 and its downstream genes, MUC2, KLF4
and villin-1, in the GES-1 normal human gastric epithelial cell
line following treatment with CDCA. As shown in Fig. 1A,
when the GES-1 cells were treated with CDCA (0, 50, 100
and 200 gmol/l) for 12 h, the expression of endogenous CDX?2
and downstream MUC2, KLF4 and villin-1 increased at the
mRNA levels in a dose-dependent manner. Compared with the
control group, the highest mRNA expression levels of CDX2,
MUC2, KLF4 and villin-1 were observed in the 200 gmol/l
group (P<0.01). Significantly increased protein expression
levels of CDX2, MUC2 and villin-1 were also observed, as
measured using western blot analysis, in the 200 gmol/l
CDCA-treated GES-1 cells.

CDCA increases the expression of CDX2 via the activation
of FXR. FXR is a member of the nuclear hormone receptor
superfamily and is involved in the homeostasis of bile acid,
cholesterol and lipid. Previous studies have reported that the
expression of FXR is confined to the liver, intestine, kidney
and adrenal glands (9). To investigate whether the activation of
FXR is involved in the CDCA-induced expression of CDX2,
the present study aimed to identify the baseline expression
pattern of FXR in several human gastric epithelial cells and
gastric cancer cells. As shown in Fig. 2, FXR was expressed
in the normal human gastric epithelial cell and human gastric
cancer cell lines. Of note, the expression level was significantly

lower in the GES-1 cells, compared with that in the other
gastric cancer cells.

Subsequently, the expression of CDX2 was detected
following treatment of the GES-1 and BGC-823 cells with
the FXR agonist (GW4064). The results of the western blot
analysis showed that the expression of CDX2 was significantly
upregulated by different concentrations of GW4064 (1, 5 and
10 pmol/l; Fig. 3A). Gug is reported to compete for FXR
ligand-binding domain with CDCA and to be an antagonist
ligand for FXR (10). Accordingly, GES-1 and BGC-823
cells were treated with CDCA in the absence or presence
of different concentrations of Gug. As shown in Fig. 3B, the
effect of the promotion of CDCA on the expression of CDX?2
was eliminated by Gug in a dose-dependent manner.

To further investigate the role of FXR in the upregulation
of CDX2, the siRNA of FXR was transfected into GES-1
cells. As shown in the Fig. 3C, the FXR-siRNA significantly
reduced the protein level of FXR, and the knockdown of FXR
eliminated the protein expression of CDX2 induced by CDCA.

SHP is required for the FXR-induced expression of CDX?2.
Extensive evidence suggests that the nuclear receptor SHP is a
classic downstream gene of FXR in bile acid biosynthesis. SHP
is reported to be required for the DCA-induced expression of
CDX1 (11). Therefore, it was hypothesized that CDCA-FXR
may induce the expression of CDX2 through SHP. First, to
examine whether CDCA-FXR induces the expression of SHP
in gastric cells, the expression of SHP was measured in GES-1
cells following CDCA treatment with or without GW4064 and
Gug. The mRNA and protein levels of SHP were induced by
CDCA and were considerably enhanced by GW4064 treatment.
The upregulation of the CDCA-induced protein expression
of SHP was eliminated by Gug (Fig. 4A). The knockdown
of SHP by siRNA resulted in a significant reduction in the
CDCA-induced expression of CDX2 (Fig. 4B).

In order to further confirm whether the increase in the
upregulation of SHP as a result of the expression of FXR
is the consequence of direct DNA-binding activity, a ChIP
assay was designed using the GES-1 cell line. As expected,
the DNAs from the chromatin sample binding with FXR
antibody contained SHP mRNA, and increased binding to
the SHP promoter site was observed following CDCA treat-
ment (Fig. 4C). Taken together, CDCA-FXR regulated the
expression of SHP by binding to its promoter site in gastric
cells.
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Figure 1. Expression of CDX2, MUC2, KLF4 and villin-1 following treatment with CDCA. CDCA induced the expression of CDX2 and target genes in
GES-1 cells. (A) mRNA expression levels of CDX2, MUC2, KLF4 and villin-1 were detected via reverse transcription-quantitative polymerase chain reaction
analysis with GAPDH as a control. (B) Protein expression levels of CDX2, MUC2, KLF4 and villin-1 were analyzed using western blot analysis using specific
antibodies against CDX2, MUC2, KLF4, villin-1, and B-actin as a control (“P<0.01). CDX2, caudal-related homeobox 2; MUC2, mucin 2; KLF4, kruppel like

factor 4; CDCA; chenodeoxycholic acid; NC, negative control.

Relative expression levels of CDX2 and FXR in gastritis and
IM. In order to further investigate whether there is a correlation
between FXR and CDX2, the expression levels of FXR and
CDX2 were investigated in clinical samples of IM and gastritis
tissues. The clinical characteristics of all patients are shown in
Table II. The results of the immunohistochemistry showed that
the positive rate of FXR nuclear staining was 91.8% (56/61) in IM

tissues, which was significantly higher than the 54.5% (30/55) in
the gastritis tissues (P<0.01). In addition, elevated expression of
CDX2 nuclear staining was detected in 88.5% (54/61) of the IM
tissues, compared with 67.2% (37/55) of gastritis tissues (P<0.01;
Fig. 5A and B). The expression levels of FXR and CDX2 were
positively correlated in the gastritis tissues (R=0.764, P<0.001)
and IM tissues (R=0.642, P<0.001; Table III).
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Figure 2. Baseline protein expression levels of FXR in GES-1 normal gastric
epithelial cells, BGC-823, AGS, MKN-45 gastric adenocarcinoma cells,
and SGC-7901 gastric carcinoma cells. Cell extracts from each sample were
separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
analyzed using western blot analysis with specific antibodies against FXR
and f-actin as a control. “P<0.01. FXR, farnesoid X receptor.

Discussion

Previous studies using cell lines have showed that the activa-
tion of FXR may be involved in the induction of the expression
of CDX2 and IM (6,7). However, the association between the
expression of FXR and CDX2 in vivo and the exact molecule
mechanisms remain to be fully elucidated. In the present
study, the in vivo results showed that FXR and CDX2 were
concomitantly overexpressed and were positively correlated in
IM tissues. In addition, the extensive in vitro results indicated
that the upregulation of CDX?2 by FXR was dependent on the
direct transcriptional induction of SHP.

It has been shown that the reflux of bile acid in the stomach
is the most important risk factor for the development of IM
in addition to Helicobacter pylori (H. pylori) infection (12).
Clinical studies have showed that high concentrations of bile
acid appear to be associated with an elevated risk of IM regard-
less of H. pylori infection (13,14). However, the exact underlying
molecular mechanisms remain to to be fully elucidated.

IM is characterized by the occurrence of goblet cells,
absorptive cells and Paneth cells within the gastric epithelial
mucosa. CDX2isreported to be adirecttranscriptional activator
of several intestine-specific genes involved in this phenotype,
including MUC2, villin-1, intestinal fatty acid-binding protein,
glucagon and guanylyl cyclase. Mutoh et al directly showed
that CDX2 contributed to the generation of IM in transgenic
mice (15). In addition, several studies using primary cultured
esophageal epithelial cells and gastric epithelial cell lines have
shown that CDX2 is associated with bile acid-induced cell
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Figure 3. Effects of FXR on CDCA-induced expression of CDX2. Cell
extracts from each sample were separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and analyzed using western blot analysis with
specific antibodies against FXR, CDX2 and f-actin as a control. (A) CDCA
(200 pmol/1) and GW4064 (1, 5 and 10 gmol/l) treatment increase the protein
expression of CDX2. The cells were exposed for 24 h with the indicated
concentrations of CDCA and GW4064. (B) Protein expression of CDX?2 was
eliminated by Gug in a dose-dependent manner. Following treatment with
CDCA at 200 gmol/l, cells were exposed for 24 h to different concentration
of Gug (5, 50 and 100 gmol/l). (C) Protein expression of CDX2 was elimi-
nated by FXR-siRNA. Following 48 h transfection, the cells were treated
for 24 h with CDCA at 200 gmol/l. 'P<0.05, “P<0.01. FXR, farnesoid X
receptor; CDCA, chenodeoxycholic acid; CDX2, caudal-related homeobox
2; siRNA, small interfering RNA; Gug, guggulsterone.

transformation (16,17). In the present study, it was found that
CDX2 and target genes were induced by CDCA in normal and
gastric cancer cell lines. The results indicated that the induced
expression of CDX?2 was functional. In support of the in vitro
results, the in vivo results indicated that CDX2 was expressed
in IM at a significantly higher level, compared with that in
gastritis tissues. Taken together, these results revealed that
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Figure 4. Effect of SHP on the CDCA-induced expression of CDX2. (A) Activation of FXR promoted the expression of SHP at mRNA and protein levels. “P<0.01.
Following treatment with CDCA at 200 ymol/l for 12 h, GES-1 cells were exposed to GW4064 at 1 ymol/l or Gug at 50 ymol/l. RT-qPCR analysis was performed
following incubation for 12 h (left) and western blot analysis was performed following incubation for 24 h (right). (B) Protein expression of CDX?2 was eliminated
by SHP-siRNA. Following 48 h transfection, the cells were treated for 24 h with CDCA at 200 gmol/I. (C) ChIP assay. Chromatins were isolated from GES-1 cells
following treatment with or without CDCA at 200 ymol/l. Binding of FXR to the SHP promoter was examined using the ChIP assay. Following immunoprecipita-
tion with FXR antibody, precipitated DNAs were used for PCR analysis. Rabbit IgG served as control and normal cell lysates were subjected to PCR as input. FXR,
farnesoid X receptor; SHP, small heterodimer partner; CDCA, chenodeoxycholic acid; CDX2, caudal-related homeobox 2; Gug, guggulsterone; siRNA, small
interfering RNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; M1-3, markers 1-3; NC, negative control.

the increased expression of CDX?2 was an early event, which
occurred prior to the development of IM.

The present study also investigated the upstream signals
involved in the induction of CDX2 by CDCA. FXR, acting
as a nuclear bile acid sensor, predominantly regulates the
metabolism of intracellular bile acid. Previously, the expres-
sion of FXR has been reported to be associated with gastric
cancer (18,19). In the present study, baseline expression of
FXR was observed in normal epithelial and gastric cancer
cell lines, and the expression level of FXR was higher in
the gastric cancer cell lines. These results indicated that the
upregulation of FXR was involved in gastric carcinogenesis.
The present study also examined the expression level of FXR
in IM and gastritis tissues. The results showed that the level
of FXR was significantly higher in IM, compared with that
in gastritis, and was positively correlated with the level of
CDX2. In addition, GW4064 further promoted the expres-
sion of FXR and CDX2. By contrast, following inhibition of
the expression of FXR, the expression of CDX2 was almost
eliminated. These observations showed that the activation of

FXR by CDCA was involved in the induction of the expres-
sion of CDX2.

However, the role of FXR in the gastrointestinal system
remains controversial. It has been reported that activation
of the FXR pathway protects the gastric mucosa against
inflammation-mediated damage (20,21). These findings
suggest that the appropriate stimulation of FXR can serve
as a protective mechanism. By contrast, other studies have
suggested that FXR has a pro-inflammatory role (21,22). The
reasons for these contradicting results are unclear, however,
they may be associated with the differences in ligands and the
genetic disparity of cell lines. Further tissue and cell-specific
manipulation of FXR in vivo may elucidate the underlying
mechanisms.

The activation of epidermal growth factor receptors
(EGFRs) and TGRS is also involved in gastric intestinal
carcinogenesis. Previous reports have suggested that bile
acid activates EGFR and TGRS in the AGS cell line (23,24).
In addition, bile acid activates EGFR in other cells lines,
including colon cancer cells, cholangiocyte cells and
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Table II. Clinical characteristics of patients.

Sample n  Male/female Mean age (years)
Gastritis 55 33/22 48.5
Intestinal metaplasia 61 42/19 55.1
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Figure 5. Expression of FXR and CDX2 in IM and gastritis tissues. (A) Tissues
were incubated with CDX?2 and FXR antibody. Negative controls were incu-
bated with rabbit IgG (magnification, x200). (B) Histological scores were
determined using the following formula: Overall score=percentage score x
intensity score. An overall score of 0-12 was calculated and assigned a negative
(score: 0-2) or positive (score: 3-12) grade ("P<0.01 vs. gastritis). FXR, farne-
soid X receptor; CDX2, caudal-related homeobox 2; IM, intestinal metaplasia.

esophageal adenocarcinoma cells (25,26). Whether the activa-
tion of EGFR and TGRS is involved in the regulation of CDX2
requires further investigation.

SHP is aunique member of the nuclear receptor downstream
of FXR, which is important in metabolism and cancer. Previous
studies have shown that FXR regulates the expression of SHP
through directly binding to an LRH-1 binding site (27). In
addition, Park er al demonstrated that the increased expression
of SHP is involved in the protein expression of CDX1 in gastric
cells induced by bile acid (28). Therefore, it was hypothesized
that SHP may also regulate the bile acid-induced expression of
CDX2 downstream of the activation of FXR. The results of the
present study showed that the activation of FXR enhanced the
expression of SHP induced by CDCA, whereas Gug had the
opposite effect. In addition, SHP-knockdown eliminated the
effects of CDCA on the induced protein expression of CDX2.
The results of the ChIP assay showed that CDCA stimulated
the DNA binding activity of FXR on the SHP promoter, thus
promoting the expression of SHP. However, the molecular
mechanisms underlying the effect of SHP on the enhancement
of CDX2 remain to be fully elucidated. Previous studies have
demonstrated that SHP functionally interacts with NF-xB as
a co-regulator for target gene expression (28). As the CDX2
promoter has two binding sites for NF-kB, the expression of
CDX2 may be augmented by the direct interaction of SHP and
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Table III. Positive rate of FXR and CDX2 nuclear staining in
IM and gastritis tissues.

FXR CDX2+ CDX2- P-/R-value
Gastritis <0.001/0.764
+ 30 0
- 7 18
M <0.001/0.642
+ 53 3
- 1 4

IM, intestinal metaplasia; CDX2, caudal-related homeobox 2; FXR,
farnesoid X receptor.

NF-«kB. CDX2 can also bind to its own promoter and induce its
expression by an effective auto-regulatory loop (29).

In conclusion, the present study demonstrated in vivo
and in vitro that the activation of FXR is involved in the bile
acid-induced expression of CDX2 to generate IM. Specifically,
the results indicated that bile acid activated the expression of
FXR, which then directly unregulated the expression of SHP
at the transcriptional level. SHP-knockdown eliminated the
effects of CDCA on the induced protein expression of CDX2.
Taken together, the observations of the present study suggested
that augmentation of the FXR/SHP signal was associated with
the phenotypic change of intestinal metaplasia induced by bile
acid and gastric carcinogenesis.
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