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High expression of TGRS predicts a poor
prognosis in patients with pancreatic cancer
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Abstract: Previous studies have showed that bile acids (BAs) play essential roles in the progression of various
human cancers, and the G-protein coupled bile acid receptor-1 (Gpbar-1, or TGR5), a receptor of BAs, has been
reported to connect BAs with cancers. However, little is known about the prognostic role of TGR5 in pancreatic can-
cer. In this study, we found that the expression of TGR5 was significantly higher in the cancerous tissues than the
adjacent normal tissues by immunohistochemical staining (81.6% vs. 36.8%). Meanwhile, TGR5 was positively cor-
related with lymph node metastasis (P=0.021) and advanced stage (P=0.011). Finally, univariate analysis showed
that patients with high TGR5 expression (P<0.001), lymph node metastasis (P=0.002) and advanced tumor stage
(P=0.008) had decreased overall survival, and Cox proportional hazards regression analysis confirmed that TGR5
expression was an independent predictor of the overall survival of patients with pancreatic cancer (P=0.019). Our

findings suggested that TGR5 might serve as an important predictor of poor survival in pancreatic cancer.
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Introduction

Pancreatic cancer is currently one of leading
causes of tumor-related death across the world
[1]. Although the incidence of pancreatic can-
cer varies greatly across regions and popula-
tions, the current mortality of patients with pan-
creatic canceris nearly identical to its incidence
[2]. The estimated 5-year survival rate for pan-
creatic cancer remains at less than 5% [3],
ranging from 20% for the localized stages to
less than 1% for the advanced stages [1, 4].
According to population and family-based stud-
ies, both environmental and inherited factors
contribute to the development of pancreatic
cancer, such as smoking [5], long-standing dia-
betes [6], increased body mass index (BMI) [7],
alcohol consumption [8], pancreatitis [9] and
inherited genetic changes [10]. Individuals with
a history of chronic pancreatitis have an
increased risk of pancreatic cancer. Surgical
resection is the only option of curative treat-
ment. Nevertheless, due to lack of symptoms
until advanced stages, only 15%-20% of pa-
tients are diagnosed early enough to be consid-

ered for a potentially curative treatment [4].
However, due to its location in the retroperito-
neum, the pancreas is difficult to assess [4].
The relapse rate after surgery is far from being
acceptable, even with adjuvant therapies such
as chemotherapy or chemo-radiotherapy [11,
12]. Therefore, the median overall survival of
patients with pancreatic cancer remains short.

Bile acids (BAs) are physiological detergent
molecules that synthesized from cholesterol in
the liver [13]. In the gallbladder, BAs form mixed
micelles with phospholipids and cholesterol to
increase cholesterol solubility and decrease
bile acid toxicity. In the small intestine, BAs
facilitate the intestinal digestion and absorp-
tion of dietary cholesterol, fat and other lipo-
philic nutrients. In addition, BAs can activate
intracellular ligand-activated nuclear receptors
and cell surface G protein coupled receptors to
regulate various cellular processes involved in
metabolism, immune response, and cell growth
[14, 15]. However, excess accumulation of BA
in cholestasis can lead to tissue inflammation
and injury, and increase the risk of tumorigen-
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esis [14, 16]. Patients with cholestasis develop
fibrosis, cirrhosis, and eventually liver failure
and even hepatocellular carcinomas [14]. Alth-
ough pancreatic cancer originates from ductal
cells, whereas pancreatitis predominantly aff-
ects pancreatic acinar cells, BA reflux-related
chronic inflammation can induce dedifferentia-
tion of acinar cells into progenitor duct-like
cells, which are the sources of pancreatic can-
cer [17]. Since BA also acts as a regulatory mol-
ecule in metabolism, which is associated with
risk factors (obesity, diabetes and hypertriglyc-
eridemia) of pancreatic cancer, BA is very likely
involved in pancreatic cancer carcinogenesis.

The G-protein coupled bile acid receptor-1
(Gpbar-1, or TGR5), also known as membrane-
type receptor for bile acids (M-BAR), is the first
identified G-protein coupled receptor specific
for bile acids [18]. In human, the TGR5 gene is
located on chromosome 2935, and highly con-
served in mammals [18]. Since been discov-
ered in 2002, it has been found to be ubiqui-
tously expressed in humans and animals, and
to activate various intracellular signaling path-
ways upon interaction with bile acid. TGR5 is
expressed in the liver sinusoidal endothelial
cells [19], gallbladder epithelial cells, and
Kupffer cells [20], and highly expressed in the
ileum and colon and in non-traditional bile acid
target organs including white and brown adi-
pose, spleen, kidney, pancreas, lung, macroph-
ages and the central nervous system [21]. It
has been reported that TGR5 is expressed at
the apical pole of pancreatic acinar cells and
mediates bile acid-induced pancreatitis [22,
23]. Recently, TGR5 has been reported to con-
nect bile acids (BAs) with cancers [24, 25]. The
interaction between BA and TGR5 induces can-
cer cell proliferation via upregulation of NOX5-S
expression [24].

In this study, we assessed TGR5 expression in
pancreatic cancer specimens and paired adja-
cent normal tissues. We then examined the
relationship between TGR5 expression and
clinicopathological features as well as patient
survival.

Materials and methods
Ethical statement

The study was approved by the Ethical Com-
mittee of Shanghai General Hospital, and all
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patients gave written informed consent at the
time of the diagnosis for the use of tumor sam-
ples for research.

Patients

The patient cohort involved 95 patients treated
at Shanghai for pancreatic cancer between
2004 and 2008. Patients were included or
excluded according to the following criteria: (1)
Definitive pathological diagnosis of pancreatic
cancer; (2) No preoperative anticancer treat-
ment, such as chemotherapy or radiotherapy;
(3) No perioperative death; (4) Curative resec-
tion with negative surgical margin as confirmed
by a pathologist; (5) Availability of appropriate
paraffin-embedded tissues; (6) Complete clini-
copathological and follow-up data.

Tissue samples

All slides were cut into 4 um thick from a pre-
existing pancreatic cancer tissues and adja-
cent normal tissues maintained by Shanghai
ZuoCheng Bio Co., Ltd (Shanghai, China), and
stained by hematoxylin and eosin (HE) and
TGR5 primary antibody (Novus Biologcials,
Minneapolis, MN, USA). Patient clinical informa-
tion including age, gender, pathological grade,
tumor size, nerve invasion, lymph node metas-
tasis, tumor stage, and TGR5 status was
collected.

Immunohistochemical staining

Immunohistochemistry for TGR5 expression
was performed as previously described [26].
Briefly, formalin-fixed, paraffin-embedded can-
cer tissue sections were deparaffinized with
xylene and rehydrated with ethanol. These tis-
sue slides were then incubated in 3% hydro-
gen peroxidase solution (H,0,; Dako, Glostrup,
Denmark) for 15 min. For antigen retrieval,
these slides were heated in a water bath at
98°C with Target Retrieval Solution pH 9 (EDTA,
pH 9, Gene Tech, Shanghai, China). Sections
were saturated with protein block serum-free
(Dako, Glostrup, Denmark) for 20 min. Without
washing, slides were incubated with the prima-
ry antibody, a rabbit polyclonal anti-TGR5 anti-
body (1:1000; Novus Biologcials, Minneapolis,
MN, USA), overnight at 4°C, followed by the
secondary antibody (Jackson ImmunoResearch
Laboratories, Inc., West Grove, PA, USA) for 30
min, the streptavidin-horse radish peroxidase
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and cover slipped as per nor-
mal laboratory protocol.

Immunohistochemistry scor-
ing

All sections were independe-
ntly reviewed by two patholo-
gists, who were blinded to all

clinical and pathologic infor-
mation. The staining was sco-
red according to the intensity

and percentage of the stain-
ed cells. The intensity of TGR5
staining was graded as 1 (no
stain), 2 (weak stain), 3 (mod-
erate stain), and 4 (strong st-
ain). The percentages of st-
ained cells were classified in-
to four categories: O (no stain),
1 (<25%), 2 (25%-50%), and 3
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Figure 1. TGR5 expression in pancreatic cancer compared with adjacent tis-
sues. A-C. Upper panel: TGR5 expression in pancreatic cancer; lower panel:
TGR5 expression in adjacent tissues. Scale bar: 400 um, 100 um. Expres-
sion of TGR5 was higher in pancreatic cancer. D. TGR5 expression in human
pancreatic duct epithelial cell HPDEG and pancreatic cancer cells. Expres-

sion of TGR5 was higher in pancreatic cancer cells.

Table 1. Increased TGR5 expression in pancreatic cancer

(>50%). The final scores were
calculated as the staining in-
tensity time the percentage
of positive cells. For statistical
analyses, TGR5 positive expr-
ession was defined as a score
>3.

Cell culture

Human pancreatic cancer ce-
Il lines MiaCaPa-2, SW1990,
PANC-1, AsPC-1 and pancre-
atic duct epithelial cell HPD-
E6 were purchased from the
Chinese Academy of Science
(Shanghai, China) and cultur-
ed in Dulbecco’s Modified Ea-
gles’'s Medium (DMEM) (Ther-
mo Scientific Inc., Beijing, Ch-
ina) containing 10% fetal bov-

TGR5 expression

ine serum (FBS) (Sijiging, Ha-

Cases ‘ — P value ngzhou, China), 100 U/mL pe-
Negative Positive nicillin, and 100 ug/mL strep-
Pancreatic cancer 76 14 (18.4%) 62 (81.6%) <0.001 tomycin at 37°C, 5% CO2.
Adjacent tissue 76 48 (63.2%) 28 (36.8%)

(Dako, Glostrup, Denmark) was added for an
additional 30 min. Peroxidase activity was
revealed by addition of daminobenzidine sub-
strate (DAB; Dako, Glostrup, Denmark), and
then the slides were counterstained with hemo-
toxylin (Dako, Glostrup, Denmark), dehydrated
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Western blot analysis

Cells were washed twice with ice-cold PBS and
lysed using standard RIPA buffer containing
proteinase inhibitors (Beyotime, lJiangsu, Ch-
ina). Following quantification, protein samples
were heated to 95°C for 5 min, then separated
in a SDS-polyacrylamide gel and transferred to
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Table 2. Correlation between TGR5 expression and
clinicopathological features of patients with pancreatic

compared using log-rank test. Cox pro-
portional hazards regression analysis
was used for univariate and multivaria-

cancer .
. te analyses of prognostic values. Two-
Variables Numbers TGRS,eXpress,l?n P value sided P value < 0.05 was considered
Negative Positive - R
statistically significant.
Age (years) 0.960
<61 48 9 39 Results
>61 47 9 38 o ]
Gender 0.842 TGR5 e.xpressn.)n in pancreatic cancer
Male 60 11 49 and adjacent tissues
Female 35 7 28 TGR5 was found in the membrane and
Tumor size (cm) 0.669 cytoplasm of tumor tissues and adja-
<4 57 10 47 cent tissues by immunohistochemical
>4 38 8 30 staining (Figure 1A-C). For pancreatic
Pathological grade 0.945 cancer samgles, 62 case.s. (81.6%; up-
Well differentiated 11 5 9 per panel) displayed positive, wherefas
) ] 28 cases (36.8%; lower panel) of adja-
Poorly differentiated 84 16 68 cent tissue samples showed positive
Lymph node metastasis 0.021 (Table 1). The rate of TGR5 high expres-
Yes 36 3 33 sion was significantly increased in pan-
No 49 14 35 creatic cancer compared to adjacent tis-
Nerve invasion 0.669 sues (P<0.001).
ves 38 8 30 We also investigated the expression of
No 57 10 47 TGR5 in human pancreatic duct epithe-
TNM stage 0.011 lial cell HPDE6 and pancreatic cancer
| 43 13 30 cells. As shown in Figure 1D, we found
-1V 52 5 a7 that TGR5 was elevated in cancer cell

PVDF membranes (Millipore, Bedford, MA,
USA). The membranes were blocked with 5%
non-fat milk in TBS buffer for 1h and then in-
cubated with TGR5 primary antibody (Novus
Biologicials, Minneapolis, MN, USA) overnight
at 4°C. After washing with TBST buffer for 4*10
min, the membranes were incubated with HRP-
conjugated secondary antibody (Bio-Rad, Her-
cules, CA, USA) for 2 h at room temperature.
The immune reaction was visualized using ECL
Plus substrates (Roche, Basel, Switzerland).

Statistical analysis

Statistical analyses were performed using SP-
SS statistics software version 19 (SPSS) and
GraphPad Prism v5.0 (Graphpad Software). The
Wilcoxon test was used to compare TGR5 ex-
pression in paired tumor tissue samples and
adjacent tissues. The Mann-Whitney U test and
Kruskal-Wallis test were used to perform statis-
tical analysis of tissue TGR5 levels between
unpaired groups and multiple comparison gr-
oups respectively. Survival curves were con-
structed with the Kaplan-Meier method and
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lines compared to HPDEG cells.

Correlation between tissue TGR5 expression
level and patient baseline clinical characteris-
tics

In total, 95 patients (60 male, 35 female) with
pancreatic cancer were enrolled in this study.
The median age at diagnosis was 61 years (ra-
nge, 34-85 years). The relation of TGR5 expres-
sion with patient clinical pathological parame-
ters is shown in Table 2. TGR5 expression was
significantly increased in patients with a lymph
node metastasis (P=0.021) and advanced st-
age (P=0.011) (Figure 2A-C; Table 2). However,
it was not correlated with age (P=0.960), ge-
nder (P=0.842), pathological grade (P=0.945),
tumor size (P=0.669), and nerve invasion
(P=0.669) (Table 2).

Relation between TGR5 expression and prog-
nosis

The median follow-up time was 11 months
(range, 0.6-87 months). TGR5-high pancreatic
cancer patients had significantly shorter values
than those of TGR5-low patients (22.5 months

Int J Clin Exp Pathol 2018;11(7):3567-3574
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Univariate and multivariate
analyses

TGR5 expression and patient
characteristics including age,
gender, pathological grade, tu-
mor size, nerve invasion, lym-
ph node metastasis, and tu-

3 -5
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mor stage were included to
perform univariate and mul-
tivariate analyses. Univariate
analysis showed that TGR5

Figure 2. Different expression of TGR5 in patients with or without lymph node

expression (P<0.001), lymph
node metastasis (P=0.002),
and tumor stage (P=0.008)
were significantly related to
overall survival. Cox proporti-
onal hazards regression anal-
ysis confirmed that TGR5 ex-
pression was an independent
predictor of the overall surviv-
al of patients with pancreatic
cancer (P=0.019) (Table 3).

Discussion

metastatic status. A-C upper panel: TGR5 expression in patients with lymph

node metastatic status; lower panel: TGR5 expression in patients without
lymph node metastatic status. Scale bar: 400 um, 100 um. Expression of
TGR5 was higher in tissue with lymph node metastasis.
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Figure 3. Kaplan-Meier survival curves of pancreatic
cancer patients based on the TGR5 expression level.
Patients with high TGR5 expression level had a sig-
nificantly poorer survival than those with low TGR5
expression level (P<0.001, log-rank test).

vs. 58.2 months). The 5-year survival rate of
TGR5-high pancreatic cancer patients is 11.4%
compared with 66.7% of TGR5-low pancreatic
cancer patients. The overall survival for TGR5-
high pancreatic cancer patients was signifi-
cantly shorter than those with TGR5-low
patients (P<0.001) (Figure 3).
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In the present study, we inv-
estigated the prevalence and
significance of TGR5 express-
ion in pancreatic cancer. Am-
ong these pancreatic cancer patients, TGR5
expression was particularly higher in cancer tis-
sues compared with adjacent normal tissues.
High expression of TGR5 had a forward correla-
tion to lymph node metastasis and advanced
tumor grade. Patients with high TGR5 expres-
sion, lymph node metastasis, and advanced
tumor stage had decreased overall survival.
Cox proportional hazards model analysis indi-
cated that TGR5 expression was a strong inde-
pendent prognostic factor for pancreatic can-
cer patients.

TGR5 is a novel G protein-coupled cell-surface
bile acid receptor and plays an important role
in tumorigenesis [24]. It has been reported th-
at TGR5 can suppress gastric cancer cell pro-
liferation and migration through antagonizing
STAT3 signaling pathway [27]. Meanwhile, BAs
can conjugate TGR5 to activate c-Jun-N termi-
nal kinase (JNK) and enhance apoptosis in
hepatocytes [28]. Moreover, TGR5 expression
was evaluated as a prognostic biomarker in
various malignancies such as liver cancer, es-

Int J Clin Exp Pathol 2018;11(7):3567-3574
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Table 3. Univariate and multivariate survival analysis of clinicopathological variables in pancreatic

cancer patients

Univariate analysis

Multivariate analysis

Variables
HR 95% ClI P value HR 95% Cl P value
TGR5 expression (positive vs. negative) 0.24 0.10-0.55 <0.001 0.34 0.14-0.84 0.019
Age (years) (>61 vs. <61) 0.80 0.50-1.27 0.346
Gender (male vs. female) 1.09 0.67-1.78 0.718
Tumor size (cm) (>4 vs. <4) 1.16 0.72-1.88 0.548
Pathological grade (poorly vs. well) 0.58 0.27-1.27 0.174
Nerve invasion (yes vs. no) 0.83 0.52-1.33 0.445
Lymph node metastasis (yes vs. no) 0.44 0.26-0.73 0.002
TNM stage (II-IV vs. 1) 0.52 0.32-0.85 0.008

ophageal carcinoma, and colon cancer [26].
Patients with high TGR5 expression tend to
have earlier tumor stage and better disease-
specific survival rate [29]. However, TGR5 also
performs as a tumor promoter. In esophageal
adenocarcinoma, patients with high expression
of TGR5 exhibited significantly worse overall
survival compared with the patients with low
expression [26]. In non-small-cell lung carcino-
ma (NSCLC), TGR5 was aberrantly expressed
positively correlated with an advanced clinical
stage in NSCLC patients, and TGR5 knockdown
prevented JAK2 and STAT3 phosphorylation
and repressed the expression of STAT3 target
genes, thus inhibiting cell proliferation, migra-
tion and invasion in NSCLC [30]. Also, some
reports suggested that TGR5 activation can
promote cholangiocarcinoma progression by
regulating proliferation, migration, and mito-
chondrial energy metabolism [31]. In our study,
we found that TGR5 maybe a pro-tumoral factor
in pancreatic cancer. Patients with high TGR5
expression were more likely to have advanced
tumor stage, poor prognosis, and lymph node
metastasis.

In conclusion, our results revealed that TGR5 is
a useful prognostic marker in pancreatic can-
cer and further studies are needed to under-
stand the molecular mechanisms underlying its
role in pancreatic cancer development to sup-
port its potential clinical applications.
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