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Membrane bile acid receptor TGRS predicts good prognosis in
ampullary adenocarcinoma patients with hyperbilirubinemia
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Abstract. Bile acids are potential carcinogens in gastro-
intestinal cancer, and interact with nuclear and membrane
receptors to initiate downstream signaling. The effect of
TGRS [also known as G protein-coupled bile acid receptor 1
(GPBARI)] on cancer progression is dependent on the tissue
where it is activated. In this report, the function of TGRS
expression in cancer was studied using a bioinformatic
approach. TGRS expression in ampullary adenocarcinoma and
normal duodenum was compared by western blotting, reverse
transcription polymerase chain reaction, and immunohisto-
chemistry (IHC). High GPBARI gene expression was found to
be an indicator of worse prognosis in gastric and breast cancer
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patients, and an indication of better prognosis in ovarian cancer
patients. The level of GPBARI gene expression was higher in
bile-acid exposed cancer than in other types of cancer, and was
increased in well-differentiated ampullary adenocarcinoma.
Negative, weak or mild expression of TGRS was correlated
with younger age, higher plasma level of total/direct bilirubin,
higher plasma concentration of CA-125, advanced tumor stage
and advanced AJCC TNM stage. The disease-specific survival
rate was highest in ampullary adenocarcinoma patients with
high TGRS5 expression and high total bilirubin level. In
summary, TGRS functions as a tumor-suppressor in patients
with ampullary adenocarcinoma and preoperative hyperbili-
rubinemia. Further study of the suppressive mechanism may
provide a new therapeutic option for patients with ampullary
adenocarcinoma.

Introduction

Carcinoma of the ampulla of Vater is the most common cancer
of the small intestine and is commonly adenocarcinoma (1).
The ampulla of Vater is located in the second portion of the
duodenum, at the confluence of the common bile and pancre-
atic duct. Long-term exposure to bile acids is a possible reason
for malignant transformation. Bile acids are potential carcino-
gens in gastrointestinal cancer, including gastric, esophageal
and colon cancer, and cholangiocarcinoma (2). Incidences of
intestinal metaplasia and gastric cardia cancer are increased
in patients with gastroesophageal reflux disease (3). Treatment
of squamous cell carcinoma cell lines of the esophagus with
bile acids induces cell cycle progression and production of
Gl-regulating molecules (4). The secondary bile acids, deoxy-
cholate and lithocholate, are the most well-known carcinogens
in human colon cancer and are associated with the generation
of reactive oxygen/nitrogen species (ROS/RNS) (5). The
accumulation of ROS/RNS was found to cause oxidative DNA
damage and further mutation in colon cancer (6). The conju-
gated bile acid glycochenodeoxycholate (GCDA) induced
expression of cyclooxygenase 2 (COX-2) and genes that are
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related to cell proliferation in cholangiocytes (7). Another
type of conjugated bile acid, taurochenodeoxycholate (TCDA),
induced phosphorylation of epidermal growth factor receptor
(EGFR) and its downstream signaling in a human cholangio-
carcinoma cell line (8).

Bile acids interact with several types of nuclear receptors,
including farnesoid X receptor (FXR), vitamin D receptor,
pregnane X receptor, and constitutive androstane receptor (9).
Nuclear receptors are ligand-modulated transcription factors
and regulate uptake, detoxification and secretion of bile acids.
FXR is the main form of nuclear receptor of bile acids expressed
in the gastrointestinal tract where it mediates homeostasis of
bile acids, lipids and glucose. Expression of FXR is reduced
in human colon cancer or Barrett's esophageal cancer. FXR
functions as a tumor suppressor in colon, liver and esophageal
cancer (10-12). The oncosuppressive roles of FXR in these
cancers include suppression of proliferation and induction of
apoptosis after exposure to bile acids. Bile acids also act as
systemic hormones when interacting with membrane recep-
tors, such as G protein-coupled bile acid receptor 1 (gene
GPBARI; also known as TGRS, M-BAR and BG37). Bile
acid-dependent TGRS activation is involved in the immuno-
modulatory properties of bile acids, synthesis of endothelial
nitric oxide, and mitochondrial energy homeostasis (2,9).
In the normal physiologic condition, the functions of TGRS
include modulation of gallbladder filling, improvement of
insulin sensitivity, maintenance of glucose homeostasis,
and increased energy expenditure to attenuate diet-induced
obesity (13,14). The function of TGRS is variable in different
types of cancer (15). Expression of TGRS is increased in the
intestinal subtype of gastric adenocarcinoma and intestinal
metaplasia, but not in normal gastric epithelium. Mild to
strong TGRS staining is associated with poor patient survival,
and TCDA increased proliferation of a gastric adenocarci-
noma cell line through the TGR5-dependent pathway (16).
TDCA-induced ROS production and cell proliferation are
mediated through TGRS in Barrett's esophageal and esopha-
geal adenocarcinoma cell lines (17). Stimulation with bile
acids prompted the proliferation of an endometrial cell line
by activating TGRS and inducing cyclin D1 expression (18). In
contrast to patients with gastric, esophageal and endometrial
cancer, the binding of bile acids to TGRS induced c-Jun-N
terminal kinase (JNK) activation and enhanced apoptosis in
hepatocytes (19). TGRS5-deficient mice are much more suscep-
tible to chemically induced acute liver injury with increased
incidence of liver cancer (20). TGRS may promote or suppress
carcinogenesis after stimulation by bile acids (2). Since the
role of bile acids in ampullary cancer is largely unknown, in
the present study, we investigated the role of TGRS in ampul-
lary adenocarcinoma.

Materials and methods

Bioinformatic analysis. First, we conducted a search of the
Kaplan-Meier plotter database (http:/kmplot.com/analysis/) to
systematically assess the expression level of the GPBARI gene
in gastric, breast, lung and ovarian cancer patients (21-23).
Kaplan-Meier Plot survival curves were drawn. Second, a
PrognoScan database (http://www.abren.net/PrognoScan/)
analysis was conducted. The expression level of the GPBARI
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gene was correlated with the survival of cancer patients. Third,
data of GPBARI gene expression from genomics studies
of 30 types of human cancer in the cBioPortal database
(http://www.cbioportal.org/index.do) were examined (24,25).
Mutation of the GPBARI gene was documented by oncoge-
nomic analysis.

Patients. A total of 99 patients who were diagnosed as having
ampullary adenocarcinoma and who underwent radical resec-
tion at National Cheng Kung University Hospital from January
1990 to January 2010 were enrolled. Patients who received
conservative treatment or exhibited other cell types of ampul-
lary cancer were excluded. Demographics, histopathological
findings and clinical outcomes were collected by conducting a
retrospective chart review. A formal written informed consent
was obtained from each patient. Their medical charts were
reviewed until January 2016. The disease-specific survival rate
was defined as the period from surgery until cancer-related
death. The present study was approved by the Institutional
Review Board of the National Cheng Kung University Hospital
(NCKUH IRB no. A-ER-101-390 and B-ER-103-408).

Western blotting. Total protein lysates from tumor specimens
and corresponding specimens of normal duodenum were
obtained from the same patient and the protein concentra-
tion of the supernatants was measured using the amido black
method. Equivalent amounts of protein (30 pg) were separated
on 10-15% polyacrylamide gels by SDS-gel electropho-
resis, transferred to polyvinylidene difluoride membranes,
and probed with the antibody against TGRS (Abcam
Biotechnology, Cambridge, UK), FXR (R&D, Abingdon, UK),
and GAPDH (Cell Signaling Technology, Danvers, MA, USA)
proteins. Protein expression was visualized by ECL chemilu-
minescence (Promega, Madison, WI, USA) and quantitated by
comparison with GAPDH.

Semi-quantitative reverse transcription polymerase chain
reaction (RT-PCR). The fresh cancer tissues and normal
duodenum from the same patient, were obtained for RT-PCR.
The total RNA was extracted from fresh tissues, and
single-stranded cDNA was synthesized using oligo(dT) as the
random primer. The cDNA was amplified using the primers
for B-actin, GPBARI and FXR genes, which were: B-actin
sense, 5'-“AGC GGG AAA TCG TGC GTG-3'; and B-actin
antisense, 5'-CAG GGT ACA TGG TGG TGG TGC C-3%
GPBAR] sense, 5-CCC AGG CTA TCT TCC CAG C-3' and
GPBARI antisense, 5'-GCC AGG ACT GAG AGG AGC A-3'
FXR sense, 5'-GAC TTT GGA CCA TGA AGA CCA G-3'
and FXR antisense, 5-GCC CAG ACG GAA GTT TCT TAT
T-3". The RT-PCR products were analyzed using agarose gel
electrophoresis, and the GPBAR1 or FXR bands were semi-
quantified using densitometric analysis and subsequently
normalized relative to the (3-actin bands.

Immunohistochemical (IHC) staining. Samples of ampullary
adenocarcinoma and the surrounding duodenum were fixed
in 4% formalin and embedded in paraffin. IHC staining was
performed using a monoclonal mouse anti-human TGRS anti-
body (Abcam Biotechnology). The sections were incubated
using an avidin-biotin complex reagent (Dako, Carpinteria,
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Figure 1. Kaplan-Meier survival analysis of GPBARI gene expression in cancer patients. The data were obtained from the Kaplan-Meier plotter database
(http://kmplot.com/analysis/). High-GPBARI gene expression is indicated by the red line and low expression by the black line. (A) Overall survival of patients
with gastric cancer. (B) Recurrence-free survival of patients with breast cancer. (C) Overall survival of patients with lung cancer. (D) Progression-free survival
of patients with ovarian cancer. OS, overall survival; RFS, relapse-free survival; PFS, progression-free survival.

CA, USA), incubated with 3-amino-9-ethyl carbazole (Zymed
Laboratories, South San Francisco, CA, USA) to develop
the final color, and counterstained with hematoxylin. The
immunoreactivity of the TGRS protein was assessed using a
semi-quantitative method and according to the Remmele and
Stegner immunoreactive scoring (IRS) system (26). The IRS
scores ranged from O to 12 and immunoreactivity was char-
acterized as negative, weak, mild and strong. One researcher
assessed the lesions (H.P. Hsu).

Statistical analysis. All statistical analyses were conducted
using SPSS version 12.0 (SPSS, Inc., New York, NY, USA).
A univariate analysis of the categorical variables was
performed using the Chi-square test. The continuous variables
were compared using the non-parametric Kruskal-Wallis
H test. Any association between specific markers and the
recurrence-free survival of patients was assessed using the
Kaplan-Meier method, and the level of significance was tested
using the log-rank test. A P-value of <0.05 was considered to
indicate a statistically significant result.

Results
Analysis of microarray GAPBRI gene expression data.

Several gene expression databases of human cancer genetics
are available at websites, including the Kaplan-Meier plotter,

PrognoScan and cBioPortal system. There is no public data-
base of ampullary adenocarcinoma genetics. Other human
cancer types were used to study the function of TGRS (gene
name: GPBARI). These three databases were used to assess
GPBARI gene expression and correlate it with clinical
outcome. Analysis of the relationship of the GPBARI gene
expression level (based on Kaplan-Meier plotter data) to
survival in patients with gastric, breast, lung and ovarian
cancer (Fig. 1) revealed that prognosis was poorer in gastric
cancer and breast cancer patients with high GPBARI gene
expression than in those with low expression (Fig. 1A and B).
GPBARI gene expression was not correlated with overall
survival of patients with lung cancer (Fig. 1C). Ovarian cancer
patients with high GPBARI gene expression tended to have
a better prognosis than those with low expression (Fig. 1D).
The function of GPBARI gene in tumor development differed
between these four types of cancer.

Prognoscan is a collection of human cancer microarray data-
sets. High GPBARI gene expression predicted a trend toward
poor prognosis in 12 datasets (Table I) and good prognosis
in 15 datasets (Table II). In most datasets, the GPBARI gene
expression was not significantly correlated with survival and
only one dataset in each group displayed predictive power
(GSE13507 and GSE8894). The level of GPBARI expression
in human cancer was investigated using the cBioPortal system
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|2 o = g g £ pancreatic cancer, compared to other cancers, had a higher
- ' ' ' ' £ level of GPBARI expression (Fig. 2B). Thus the function of
B lﬁ - — o © _ § GPBARI is distinct in different cancers, and its expression
8 ? g 2 g 2 g ﬁ may be correlated with bile exposure.
~ Z
= g Expression of TGRS protein in ampullary cancer. The ampulla
%D ’% iy 2 © I~ S g of Vater is located in the second part of the duodenum and is
& S S S = - 2 exposed to bile acids under normal physiological conditions.
< % 2 TGRS protein (product of the GPBARI gene) and GPBARI
= = mRNA were detected in clinical samples of ampullary cancer
2 o é and the surrounding normal duodenum (Fig. 3). In the patients
?.3 % g @) with cancer recurrence, the TGRS protein level was lower in
E E ' 2 ' ' ' = the tumor than that noted in the normal duodenum. In the
© é patients without cancer recurrence, the tumor TGRS level was
g ° 2 similar to the normal tissue level. In contrast, no such pattern
= % § § g éo g & was found for FXR protein (Fig. 3A). Increased GPBARI
5 E o ) =) o S é mRNA was detected in 7 of 15 specimens of ampullary
= ; cancer, particularly in well-differentiated ampullary adeno-
=2|a & R 8 R 3 carcinoma (Fig. 3B and C). Expression of FXR mRNA was
©g|° < ° < < 5 not correlated with histological differentiation (Fig. 3C).
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z | N = = @ A Immunohistochemical staining of TGRS in ampullary cancer.
00 E To study the relationship of TGRS protein expression with
o Ef'l cg Ef'l é clinical outcome, 99 specimens of ampullary adenocarcinoma
I S = S ; were immunostained for TGRS. TGRS was detected in the
'5 <« é &~ § g cytoplasm and nucleus of each cancer cell (Fig. 4). We divided
A5 N QI N 3 the result as negative, weak, mild and strong expression of
& = < = 8 TGRS. Expression of TGRS was negative in 14 patients, weak
N N < in 33, mild in 29, and strong in 23 (Table I). Negative, weak
© M3 E S . or mild expression of TGRS was correlated with younger age
&2 §F< & ) <3 (P=0.043) and higher level of direct bilirubin (P=0.023, sepa-
> E <+ 8 < 8 3 g rately) and tended to be correlated with higher level of total
E E) g - a - % § bilirubin (P=0.059), higher plasma level of cancer antigen-125
"B § ©) 5 O 2 5 (CA-125) (P=0.099), advanced tumor stage and AJCC TNM
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- 5 < g g = E TGRS expression tended to be earlier (within postoperative
% ~ < S - S g % 12 months) (P=0.089), although the level of TGRS expression
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o = - g E with strong TGRS expression (P:Q.lllS; Fig. 5A).
5 'g 8 8 & 8 8 g § In the literature, the function of TGRS depends on
5T dysregulation of bile acid homeostasis (2). We hypothesized
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Figure 2. Analysis of GPBARI expression level data from the cBioPortal database (http:/www.cbioportal.org/index.do). Every spot represents a single study.
White spots represent those analyzed without gene sequencing, blue spots represent normal results of gene sequencing and red spots represent missense
mutations. (A) Level of GPBARI expression in 30 types of human cancer. (B) Level of GPBARI expression in three specific-types of cancer (bile acid-exposed
cholangiocarcinoma and pancreatic cancer vs. colorectal cancer). The median and interquartile range are presented. The median level of GPBARI gene

expression was higher in cholangiocarcinoma and pancreatic cancer than in colorectal cancer.
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Figure 3. Expression of TGRS and FXR in ampullary adenocarcinoma. Sample pairs consisting of ampullary adenocarcinoma (T) and its corresponding
normal duodenum (N) were collected. (A) Eight sample pairs were assessed by western blotting of TGRS and FXR proteins with GAPDH serving as a loading
control. The fold-change of TGR5/GAPDH or FXR/GAPDH is indicated below the band. (B) A total of 15 sample pairs were assessed by semi-quantitative

RT-PCR, with (-actin serving as a loading control. The fold-change of TGR5/p-actin or FXR/B-actin is indicated below the band. (C) The proportion of
TGRS5/B-actin or FXR/B-actin expressed in tumors relative to normal control tissues was correlated with histological differentiation.

Discussion

The ampullary of Vater is normally exposed to bile. This is the
first study to investigate expression of the membrane bile acid
receptor, TGRS, in ampullary adenocarcinoma. The results of

analysis of GPBARI gene expression data (gene of TGRS5) in
microarray databases was correlated with clinical outcomes
and varied between types of cancers. The pathological function
of TGRS in cancer is regulated by a complex mechanism. In
ampullary adenocarcinoma, the present study detected TGRS
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Table III. Correlation of TGRS expression with demographics and histopathological findings in patients with ampullary adeno-
carcinoma who underwent radical resection.

Expression of TGRS
Negative, weak, mild Strong P-value
Patients, n (%) 76 (77) 23 (23)
Gender, n (%) 0481
Female 30 (73) 11 (27)
Male 46 (79) 12 (21)
Age at surgery (years)® 65 (32-90) 68 (35-83) 0.043
Total bilirubin (mg/dl)* 34 (0.2-19.6) 1.3(04-16.3) 0.059
Direct bilirubin (mg/dl)* 2.6 (0-18.0) 0.6 (0-7.3) 0.023
Preoperative bile decompression, n (%) 41 (77) 12 (23%) 1.000
CEA (ng/ml)* 1.9 (0.1-296.3) 2.5(0-13.0) 0.306
CA-125 (U/ml)* 154 (5.2-164.1) 11.5 (0.5-66.7) 0.099
CA-199 (U/ml)* 55.4(0.3-7512.9) 44.2 (1.4-1860) 0.892
Subtype, n (%)° 0.206
Intestinal type 37 (74) 13 (26)
Pancreaticoduodenal type 17 (90) 2 (10)
Tumor type, n (%) 0315
Polypoid 40 (74) 14 (26)
Ulcerative 21 (87) 3(13)
Mixed 15 (71) 6 (29)
Resection margin, n (%) 1.000
Free 66 (76) 21 (24)
Microscopically positive 8 (80) 2 (20)
Lymph node metastasis, n (%)° 0.176
Negative 42 (75) 14 (25)
Positive 30 (88) 4(12)
Lymphovascular invasion, n (%)° 0.192
Negative 27 (69) 12 (31)
Positive 34 (83) 707
Perineural invasion, n (%)° 0.373
Negative 28 (68) 13 (32)
Positive 18 (82) 4 (18)
Histological differentiation, n (%)° 0.847
Well 31 (74) 11 (26)
Moderate 37 (77) 11 (23)
Poor 5 (83) 1(17)
Pancreatic invasion, n (%)° 0.149
Negative 34 (71) 14 (29)
Positive 42 (84) 8 (16)
Tumor size (cm)? 2.4 (0.7-8.0) 2.5(1.0-6.0) 0.783
Tumor stage, n (%) 0.063
T1 5 (45) 6 (55)
T2 27 (75) 9 (25)
T3 29 (83) 6 (17)
T4 15 (88) 2(12)
AJCC TNM stage, n (%) 0.062
I 26 (63) 15 @(37)
II 34 (85) 6 (15)
I 15 (88) 2(12)
v 1 (100) 0(0)

*Values are expressed as median (range). "Excluding patients without detailed records. AJCC TNM stage, American Joint Committee on Cancer
tumor-node-metastases (TNM) staging system.
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Figure 4. Expression of TGRS in ampullary adenocarcinoma was assessed by immunohistochemical (IHC) staining and rated using the Remmele and Stegner
immunoreactive scoring system. Expression was either (A) 0-1 (negative); (B) 2-3 (weak); (C) 4-8 (mild) or (D) 9-12 (strong).

Table I'V. Correlation between disease recurrence and TGRS expression in patients with ampullary adenocarcinoma who under-

went radical resection.

Expression of TGR5
Negative, weak, mild Strong P-value
Patients, n (%) 76 (77) 23 (23)
No recurrence, n (%)* 28 (70) 12 (30)
Recurrence, n (%)* 44 (80) 11 (20) 0.089
Delayed recurrence, n (%)
(after postoperative 12 months) 16 (70) 7 (30)
Early recurrence, n (%)
(within postoperative 12 months) 28 (90) 3 (10)
Patterns of recurrence, n (%)*°
Liver metastasis, n (%) 19 (86) 3(14) 0.260
Local recurrence, n (%) 28 (85) 5(15) 0.205
Peritoneal carcinomatosis, n (%) 12 (86) 2 (14) 0.506
Bone metastasis, n (%) 6 (67) 3 (33) 0437
Other metastasis, n (%)° 14 (82) 3(18) 0.754

“Excludes two patients who died due to surgical complications and two patients who were lost in the follow-up in our hospital. "Some patients
developed more than one type of metastases. ‘Including brain, lung and ovary metastases.

protein and GPBARI mRNA in the tumor and surrounding
normal duodenum. Negative, weak or mild TGRS expres-
sion was correlated with elevation of plasma bilirubin. In the
patients with plasma total bilirubin higher than the median,
strong TGRS expression predicted a better prognosis.

There are two types of ampullary adenocarcinoma: intes-
tinal and pancreaticobiliary types. These differ in clinical

behavior (27) and the differences may be intrinsic. Nuclear
accumulation of B-catenin promotes WNT activation and
cancer progression; however, loss of the (-catenin protein
in ampullary cancer is correlated with poor prognosis (28).
Nestin, a stemness protein, performs a dual role in ampul-
lary adenocarcinoma, as a predictor of good prognosis in
early cancer and as a promoter of metastasis in advanced
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Figure 5. Kaplan-Meier analysis of the impact of TGRS expression on
disease-specific survival in patients with ampullary adenocarcinoma.
(A) Disease-specific survival of all patients with ampullary adenocarcinoma
who underwent surgery according to TGRS expression level (P=0.1118).
(B) Disease-specific survival of ampullary cancer patients with plasma total
bilirubin concentration <2.45 mg/dl. TGRS expression level was not corre-
lated with survival (P=0.8428). (C) Disease-specific survival of ampullary
cancer patients with plasma total bilirubin concentration >2.45 mg/dl. Strong
TGRS expression predicted a better survival (P=0.0464).

cancer (29). The epithelial cell marker, EpCAM, is one of
the signatures of cancer stem cells with oncogenic potential
mediated via upregulation of c-myc and cyclins. However, loss
of EpCAM is linked to a more aggressive phenotype of ampul-
lary cancer, suggesting that EpCAM may play a different role
in ampullary cancer than in other cancers (30). Ampullary

CHEN et al: TGRS IN AMPULLARY ADENOCARCINOMA

adenocarcinoma is a unique cancer with a 5-year survival
rate <50% after curative resection (27,31,32). Further study of
ampullary adenocarcinoma is required to develop new treat-
ment modalities and improve clinical outcomes.

The ampullary of Vater is located at the confluence of the
common bile and pancreatic ducts, and second portion of the
duodenum. Long-term exposure to bile acids increases oxida-
tive stress, generates ROS/RNS, and induces cell damage and
mutation rates in gastrointestinal cancer (2,5,6). Alteration of
the bile contents of gastroesophageal reflux is correlated with
the increased incidence of cancer in cell culture, animal models
and epidemiology studies (3,4,33). Toxic bile acids induce
expression of COX-2 or activation of EGFR and promote
carcinogenesis in cholangiocarcinoma (7,8). In our previous
study, preoperative plasma concentration of total bilirubin was
elevated in non-survivors of ampullary cancer (32). However,
no relationship was found between hyperbilirubinemia and
ampullary cancer recurrence.

Bile acids interact not only with nuclear receptors, but also
with membrane receptors. TGRS is a G protein-coupled bile
acid receptor that mediates bile acid-regulated energy and
glucose homeostasis (2,9,34). Bile acids induce cell prolifera-
tion and cell cycle progression through the TGRS5-dependent
pathway and TGRS acts such as an oncoprotein (16-18).
In hepatocytes, suppression of TGRS enhances chemical-
induced carcinogenesis and activation of TGRS promotes
cell apoptosis (19,20). Whether TGRS promotes or suppresses
carcinogenesis depends on the composition of the bile acids (2).
We analyzed multiple microarray datasets and found that high
GPBARI gene expression predicted poor prognosis in some
datasets, but good prognosis in others (Tables I and II; Fig. 1).
Bile acid-exposed cancers (such as cholangiocarcinoma and
pancreatic cancer) had a higher ratio of GPBARI expres-
sion (Fig. 2B). Since the ampulla of Vater is also exposed to
bile acids under normal physiological conditions, the study
of bile acid receptors, such as TGRS and FXR, is indicated
in ampullary cancer. In the present study, the mRNAs or
proteins of TGRS or FXR were detected in specimens of
ampullary adenocarcinoma (Fig. 3). Increased expression of
GPBARI mRNA but not FXR mRNA was correlated with
histological differentiation and well-differentiated adenocar-
cinoma (Fig. 3C). Taken together, our results indicate that the
membrane receptor of bile acids, TGRS, may be activated in
ampullary cancer.

Activation of TGRS plays a role in cyclic adenosine mono-
phosphate (cAMP), EGFR, mitogen-activated protein kinase
(MAPK, such as JNK, ERK-1/2), cyclooxygenase-2 (COX-2)
or signal transducer and activator of transcription 3 (STAT3)
signaling (35). TGRS functions in a cell type-dependent and
context-dependent manner in cancer. In gastric and esopha-
geal cancer, the TGR5-dependent pathway mediates bile
acid-induced ROS production and cell proliferation as well
as deoxycholate-induced EGFR phosphorylation and ERK1/2
activation. Moreover, TGRS expression is associated with the
poor prognosis of patients (36-38), suppresses STAT3 signaling
and inhibits cell cycle progression, angiogenesis, metastasis and
evasion of the immune system in gastric cancer (36). Interaction
of TGRS and EGFR depends on lipid rafts. Deoxycholate
induces EGFR phosphorylation and ERK1/2 activation through
the TGR5-dependent pathway (38). However, TGRS performs
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as a tumor-suppressor in liver cancer. TGR5-deficient mice have
an increased incidence of liver cancer (19). Bile acids conjugate
TGRS to induce JNK activation and enhance apoptosis in hepa-
tocytes (20). In the present study, strong TGRS expression was
correlated with lower plasma concentration of total and direct
bilirubin. The patients with strong TGRS expression tended
to have a lower plasma level of CA-125, earlier tumor stage,
and earlier AJCC TNM stage and also a better disease-specific
survival rate, particularly those patients with total bilirubin
concentration higher than 2.45 mg/dl. We conclude that TGRS
performs as a tumor suppressor in hyperbilirubinemic patients
with ampullary adenocarcinoma.

In summary, high TGRS expression was correlated with
lower plasma concentration of total/direct bilirubin, lower
plasma level of CA-125, early tumor stage and AJCC TNM
stage. High TGRS expression also predicted a good survival
in patients with total bilirubin levelss higher than 2.45 mg/dl.
TGRS performs as a tumor suppressor in hyperbilirubinemia
condition of ampullary adenocarcinoma patients.
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