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Abstract
Background/Aims: Intrahepatic cholangiocarcinoma (ICC) is a complicated condition, with 
difficult diagnosis and poor prognosis. The expression and clinical significance of the farnesoid 
X receptor (FXR), an endogenous receptor of bile acids, in ICC is not well understood. Methods: 
Western blotting and immunochemical analyses were used to determine the levels of FXR in 
4 cholangiocarcinoma cell lines, a human intrahepatic biliary epithelial cell line (HIBEpic) and 
322 ICC specimens, respectively, while quantitative reverse transcription polymerase chain 
reaction was used to detect the mRNA levels of FXR in cholangiocarcinoma cell lines. We 
evaluated the prognostic value of FXR expression and its association with clinical parameters. 
We determined the biological significance of FXR in ICC cell lines by agonist-mediated 
activation and lentivirus-mediated silence. IL-6 expression was tested by an enzyme-linked 
immunosorbent assay and flow cytometry. In vitro, cell proliferation was examined by Cell 
Counting Kit-8, migration and invasion were examined by wound healing and transwell assays; 
in vivo, tumor migration and invasion were explored in NOD-SCID mice. Results: FXR was 
downregulated in ICC cell lines and clinical ICC specimens. Loss of FXR was markedly correlated 
with aggressive tumor phenotypes and poor prognosis in patients with ICC. Moreover, FXR 
expression also had significant prognostic value in carbohydrate antigen 19-9 (CA19-9) 
negative patients. The expression of FXR was negatively correlated with IL-6 levels in clinical 
ICC tissues. FXR inhibited the proliferation, migration, invasion and epithelial mesenchymal 
transition (EMT) of ICC cells via suppression of IL-6 in vitro. Obeticholic acid, an agonist of FXR, 
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inhibited IL-6 production, tumor growth and lung metastasis of ICC in vivo. Conclusions: FXR 
could be a promising ICC prognostic biomarker, especially in CA19-9 negative patients with 
ICC. FXR inhibits the tumor growth and metastasis of ICC via IL-6 suppression.

Introduction

Intrahepatic cholangiocarcinoma (ICC) is thought to arise from the intrahepatic biliary 
epithelia lining the epithelium and peribiliary glands [1]. ICC accounts for only 10–15% of all 
primary liver malignant cancers. However, epidemiological data have revealed a rapid increase 
in the incidence and mortality of ICC in recent years [2]. Unfortunately, ICC is a malignant 
disease with insidious onset, fast and invasive growth, a high recurrence rate and high 
mortality  [3-5]. In a large cohort, patients with ICC suffered from postoperative recurrence 
and had a poor response to systemic chemotherapeutic treatments, with a five-year survival 
rate less than 5% [6]. The exploration of effective chemotherapies and molecularly targeted 
therapies is hindered by a poor understanding of ICC. Carbohydrate antigen 19-9 (CA19-9) 
is generally considered to be a promising predictor for ICC prognosis [7]; however, some 
CA19-9-negative patients with ICC show rapid disease progression. Hence, novel prognostic 
markers for ICC treatment are urgently needed.

Farnesoid X receptor (FXR), a ligand-activated transcription factor encoded by the Nr1h4 
gene, belongs to the nuclear receptor super family, is expressed in diverse tissues, such as 
the kidney, stomach, duodenum, colon, and liver. FXR is activated by bile acids (BAs) and, 
once activated, it could stimulate transcription of genes involved in synthesis, transport and 
metabolism of BAs and cholesterol [8-12]. Previously, we found that FXR protects against 
fructose-induced liver steatosis via inflammatory inhibition and adipose differentiation-
related protein (ADRP) reduction [13]. We also found that FXR is associated with β-catenin 
and inhibits its activity in hepatocellular carcinoma (HCC), which indicated that FXR provides 
protection against hepatocarcinogenesis [14].

ICC and HCC share similar mechanism including common molecular subtypes and driver 
genes. Apart from its role in HCC development, evidence has begun to accumulate that FXR 
could be involved in ICC progression. FXR has been implicated in maintaining sterility of 
the biliary tract through various mechanisms, such as assisting vasoactive intestinal peptide 
receptor-1-induced choleresis [15], promoting the expression of α-crystalline (a molecule 
that prevents oxidative stress), and combining with the activated vitamin D receptor (VDR) 
to induce the expression of the antimicrobial peptide, cathelicidin, in biliary epithelial cells 
[16]. FXR also participates in the metabolism of lipids and glucose [17-20], which is related 
to obesity, one of the risk factors of ICC [21, 22]. However, the clinical significance and 
functional role of FXR in ICC still remains elusive.

In the present study, we aimed to investigate the expression and clinical significance 
of FXR in ICC. We found that FXR was significantly downregulated in ICC and loss of FXR 
correlated with poor prognosis of patients with ICC. In addition, FXR acted as a powerful 
marker of prognosis in CA19-9 negative patients. FXR expression was negatively correlated 
with the IL-6 level in patients with ICC. FXR activation inhibited ICC growth and metastasis 
via IL-6 suppresssion in vitro and in vivo.

Materials and Methods

Human ICC Samples
Human liver tumor tissues were obtained from surgically resected specimens from patients with ICC 

at Zhongshan Hospital, Fudan University (Shanghai, P.R. China). Archived paraffin-embedded tumor tissues 
collected from 322 patients with ICC treated between 2005 and 2011 were used for tissue microarray 
construction and immunohistochemistry. Overall survival (OS) and time to recurrence (TTR) were defined 
as a time frame from the date of surgery to death and recurrence, respectively. If recurrence had not 
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appeared or patients were still alive at the last follow-up, data was censored. Fresh tumor samples from 97 
ICC patients were collected for the IL-6 tests.

All patients were diagnosed with ICC according to the World Health Organization criteria [23]. The 
Edmondson grading system was used to define tumor differentiation [24]. Liver function was assessed using 
the Child–Pugh scoring system. The seventh edition of the tumor-node-metastasis (TNM) classification 
system was used [25]. Follow-up data was collected until June 2016. The median following up was 25 
months (range, 4–126 months).

Antibodies and reagents
The FXR antibody for immunohistochemistry (IHC) and western blotting was bought from Abcam 

(Cambridge, UK). Anti-SHP, E-cadherin, N-cadherin, Snail, β-catenin, Vimentin, ZO-1, β-actin, and α-tubulin 
antibodies were purchased from Cell Signaling Technology (CST, Boston, USA). Polybrene and mitomycin 
C were bought from Sigma-Aldrich (St. Louis, MO, USA). The FXR agonist, obeticholic acid (OCA) was 
purchased from Selleck Chemicals (Houston, TX, USA). Recombinant IL-6 was obtained from R&D Systems 
(Minneapolis, USA), and the anti-IL-6 monoclonal antibody was purchased from Abcam (Cambridge, UK).

Immunohistochemistry and evaluation system
Tissue microarrays (TMAs) were deparaffinized with xylene, rehydrated in serially diluted alcohol, and 

subsequently processed in a microwave for 15 min with Tris-EDTA (pH = 6.0) buffer for antigen retrieval. 
After blocking of endogenous peroxidase with 3% H2O2, the sections were immersed in 3% bovine serum 
albumin diluted with phosphate-buffered saline (PBS) for 60 min. The slides were then incubated with 
anti-FXR antibodies (1:100 dilution) for 60 min at 37 °C. After rinsing three times with PBS, the tissue 
sections were incubated with HRP-conjugated streptavidin for 15 min at room temperature. Slides were 
then washed with PBS three times, counterstained with hematoxylin and eosin, dehydrated, and mounted 
for histological examination [26].

All sections were viewed and scored by two pathologists, using the double blind method. The final 
results were the mean of the scores for ICC TMAs and their copies by the two pathologists. According to 
the scores, the lowest was 0 and the highest was 6. The definition of the calculated scores was as follows: 0 
point, negative staining; 1~2 points weak staining (+); 3–4 points, moderate staining (++); and 5–6 points, 
strong staining (+++). We classified the FXR immunostaining score as low expression when the final score 
was 0–2 and high expression when the final score was 3–6 [27].

Cell lines and treatment
The human intrahepatic biliary epithelial cell line (HIBEpic), and the human cholangiocarcinoma cell 

lines RBE, HCCC-9810, HuCCT1, and CCLP1 were purchased from Chinese Academy of Sciences Shanghai 
Branch Cell Bank (Shanghai, China). Cell lines were cultured in Roswell Park Memorial Institute (RPMI) 
Medium 1640 (Gibco, GrandIsland, NY, USA) supplemented with 10% fetal calf serum (FBS; Gibco, 
GrandIsland, NY, USA), 1% penicillin and streptomycin (Gibco, GrandIsland, NY, USA) at 37 °C with 5% CO2.

Recombinant human IL-6 was used to pretreat RBE and CCLP1 cells. The cells were cultured in the 
presence of exogenous IL-6 (20 ng/mL). The amount of anti-IL-6 antibody added into the medium according 
to the manufacturer’s statement that 20 pg of the antibody neutralizes 1U of IL-6 activity. IL-6 and its 
antibody were added into the culture medium at the beginning of the assay. FXR activation was established 
in culture medium with 1 μM OCA for 24 hours [14].In order to exclude the effect of proliferation, we used 
mitomicin C (10 μg/ml for 2 hours) to pretreat the cells in woung healing essay.

Infection and stable clone selection
Lentiviral vectors containing FXR shRNA, Plko.1-puro empty control vector and RFP were purchased 

from the Gene company (Shanghai, China) [13]. The plasmids were packaged into VSV-G pseudotyped 
letiviral particles after transfected into 293T cells with the pACKH1 packaging plasmid mix (System 
Biosciences, Mountain View, California, USA) according to the manufacturer’s instructions. The indicated 
cell lines were separately infected with these different viral supernatants containing 4 μg/mL of polybrene. 
The cells were selected by puromycin (1.5 μg/mL) and validated by western blotting.
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Enzyme-linked immunosorbent assay (ELISA)
Tumor tissues from all patients with ICC were washed three times in cooled physiological saline 

to remove the blood and then dried with filter paper, weighed, 0.5 g was homogenized with 5 mL of 
physiological saline. After centrifugation, the supernatant was retained. IL-6 levels in the supernatants were 
detected using an ELISA kit according to the manufacturer’s instructions (R&D, Minneapolis, USA). The cell 
supernatants of the ICC lines were centrifuged before testing.

Flow cytometry
The expression level of IL-6 was detected by flow cytometry according to the manufacturer’s 

instructions (BD Biosciences, San Jose, CA, USA). Data was acquired with Diva (BD Biosciences, San Jose, 
CA, USA) and analyzed using FlowJo software (TreeStar).

Quantitative reverse transcription polymerase chain reaction (qRT-PCR) and western blotting
qRT-PCR was performed to assess mRNA expression on an ABI Prism 7500 Sequence Detection system 

according to the manufacturer’s protocol. FXR forward primer: 5’-TCCGGACATTCAACCATCAC-3’, reverse 
primer: 5’-TCACTGCACATCCCAGATCTC-3’. β-actin forward primer: 5’-GCACCACACCTTCTACAATG-3’, 
reverse primer: 5’- TGCTTGCTGATCCACATCTG -3’. Total protein lysates extracted from cells and in order 
to explore the translocate of β-catenin, nuclear protein was extracted using a nuclear protein extraction 
kit (Pierce, USA). The protein was quantitated using a BCA Protein Assay Kit (Pierce, USA), then subjected 
to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), transferred onto polyvinylidene 
difluoride membranes, and incubated with the corresponding antibodies. The experiments were repeated 
independently three times.

Cell functional experiments
A Cell Counting Kit-8 (Dojindo, shanghai, China) was used to detect the cell proliferation ability 

according to the manufacturer’s specifications, as previous described [24]. Wound healing assays were 
performed as previously described [29], all the cells were cultured with 1% FBS in RPMI 1640 culture 
media. The width of the wound was measured under the microscope at 0 h and 48 h after wounding to 
estimate the migratory ability of the ICC cells. Then we repeated the wound healing essay using mitomycin 
C (10μg/mL for 2 hours) to block the proliferation of ICC cells. The effect of FXR and IL-6 on cell invasion 
and migration were assessed using transwell assays, as described previously [28]. Each assay was repeated 
at least three times.

In vivo assays for tumor growth and metastasis
RBE cells were chosen for tumor implantation because of its highly tumorigenicity in vivo [29, 30] 

compared with HuCCT1 and CCLP1. To make it easier to track the lung metastatic nodes, we used RBE-RFP 
cells. Cells (5 × 106) were suspended in 100 μL of serum-free RPMI 1640 and Matrigel (BD Biosciences, 
San Jose, CA, USA; 1:1) and injected subcutaneously into the upper left flank region of NOD-SCID mice. The 
mice were observed over 5 weeks for tumor formation. The tumor volume was measured twice weekly 
using a caliper and calculated as follows: V (cm3) = ab2/2 [ a and b represented the largest and smallest 
tumor diameters measured at necropsy]. One week after inoculation, we fed one group of NOD-SCID mice 
with 10 mg/kg/day OCA; the control group was fed with vehicle solution. Upon sacrifice, the tumors were 
recovered and the volume of each tumor was determined. Part of the tumor tissue was taken for IL-6 testing. 
The lungs were removed and embedded in paraffin, and the total number of lung metastases was counted 
under the microscope, as described previously [31].

Statistical analyses
Statistical analyses were carried out using SPSS software 20.0 (IBM SPSS, New York, NY, USA). The chi-

square test was used to analyze the categorical data. The Kaplan–Meier method was performed to estimate 
the survival rate and the Cox proportional hazards regression model for multivariate survival analysis was 
used to evaluate the predictable value of recurrence and the survival rate. Correlation analysis was used 
to test the correlation between IL-6 and FXR. Student’s t test was used to analyze comparisons between 
groups. A P value of < 0.05 (two-tailed) was considered statistically significant, and a P value of < 0.01 (two-
tailed) was considered very significant.
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Results

FXR is downregulated in ICC and correlates with tumor size and metastasis
We performed IHC analysis to determine the expression and location of FXR in tumor 

tissues and matched non-tumor liver tissues from 332 patients with ICC. FXR positive sig-
nals were mainly localized in the nucleus (Fig. 1a). The staining intensity of FXR in tumors 
was much lower than that in intrahepatic small bile duct 
cells, which have almost the same expression level of FXR 
as hepatocytes (Fig. 1a–c). IHC staining using TMAs of 
322 patients with ICC indicated that FXR expression was 
scored as negative or weak in most tumor tissues (176 
of 322: negative, n=122; weak, n=54), while moderate 
or strong in most corresponding non-tumor liver tissues 
(222 of 322: moderate, n=103; strong, n=119) (Fig. 1c).

Loss of FXR correlates with aggressive 
clinicopathological characteristics in patients with 
ICC
We further investigated the correlation between 

FXR expression and the clinicopathological features 
of patients with ICC. Based on the IHC results, all 322 
patients with ICC were dichotomized as FXRlow (n = 176) 
and FXRhigh (n = 146). Clinicopathologic analysis showed 
that loss of FXR was significantly correlated with tumor 
size (P < 0.001), lymph node metastasis (P = 0.007), 
vascular invasion (P = 0.016), tumor number (P = 0.036), 
tumor differentiation (P = 0.003), and TNM stage (P < 
0.001) (Table 1).

Loss of FXR correlates with poor prognosis in ICC 
patients
We further investigated the prognositic value of 

FXR in this cohort of 322 patients. Kaplan–Meier curves 
analysis showed that patients in the FXRlow group had 
significantly shorter TTR (time to recurrence) (median 
TTR 34.54 and 60.48 months, respectively; difference = 
25.94 months; P < 0.001) and worse OS (overall survival) 
(median OS 35.84 and 67.41 months, respectively; 
difference = 31.57 months; P < 0.001) (Fig. 1d) compared 
with those in the FXRhigh group. Univariate analysis also 
indicated that loss of FXR was associated with worse 
TTR (hazard ratio [HR] = 0.508, 95% CI 0.380–0.679, P < 
0.001) and poor OS (HR = 0.503, 95% CI 0.376–0.672, P < 
0.001) (Table 2 and Table 3). Therefore, FXR expression 
in the tumor tissue could be considered as a relatively 
independent factor in the predicting prognosis of ICC 
patients.

FXR has prognostic value in CA19-9-negative patients 
with ICC
Several clinical studies demonstrated that the 

preoperative serum CA19-9 level is a promising predictor 
for ICC prognosis [7, 32, 33]. A low CA19-9 level is generally 
associated with favorable prognosis. Nevertheless, some 

Table 1. FXR expression and 
clinicopathological parameters. 
Abbreviations: HCC, hepatocellular 
carcinoma; HBsAg, hepatitis B 
surface antigen, HCVAb, hepatitis C 
virus antibody; TNM, tumor-nodes-
metastases; Bold p-values less than 
0.05 indicate statistical significance

Variables N FXR low FXR high P 

Age (years)     

≤ 58 169 93 76 0.911 

< 58 153 83 70  

Gender     

Male 128 67 61 0.568 

Female 194 109 85  

HBsAg     

Negative 199 108 91 0.908 

Positive 123 68 55  

HCVAb     

Negative 319 174 145 1.000 

Positive 3 2 1  

Size(cm)     

≤ 5 145 61 84 0.000 

> 5 177 115 62  

Number     

Single 244 125 119 0.036 

Multiple 78 51 27  

Lymphatic invasion     

Absent 266 136 130 0.007 

Present 56 40 16  

Vascular invasion     

Absent 276 143 133 0.016 

Present 46 33 13  

Tumor encapsulation     

Absent 39 18 21 0.304 

Present 283 158 125  

Differentiation     

I–II 187 89 98 0.003 

III–IV 135 87 48  

CA199 (U/mL) 
 

    

≥ 37 163 84 79 0.265 

>37 159 92 67  

Cirrhosis     

No 236 126 110 0.527 

Yes 86 50 36  

TNM stage     

I +II 247 121 126 0.000 

III+IV 75 55 20  
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patients with negative CA19-9 developed 
rapidly. Unfortunately, there is no reliable 
biomarker to differentiate the prognosis 
of CA19-9-negative patients. We hence 
tested the prognostic value of FXR in 
CA19-9-negative patients (cut-off point 
37 U/mL). Among the 322 patients with 
ICC, 50.06% (163/322) patients had a 
negative CA19-9 serum level (< 37 U/mL). 
In these CA19-9-negative patients, we 
found that patients with negative FXR had 
an obviously worse TTR (TTR: 37.00 ± 
5.20 months, P < 0.001) and OS (OS: 43.91 
± 4.43 months, P < 0.001) compared with 
patients with positive FXR (TTR: 66.48 ± 
6.24 months, OS: 75.56 ± 5.74 months) 
(Fig. 2a) In CA19-9-positive patients, we 
found that patients whose CA19-9 > 200 
ng/mL had significantly worse prognosis, 
including shorter TTR (P<0.001) and OS (P<0.001), 
than patients whose CA19-9 < 200 ng/mL (Fig. 2b), 
which was consistent with previous report [34].

FXR inhibits IL-6 production in ICC cell lines
We detected the expression of FXR by western 

blotting and qPCR in four ICC cell lines, as well as a 
normal biliary epithelial cell line HIBEpic. Loss of FXR 
was observed in most ICC cell lines except RBE cells 
(Fig. 3a and b). Previous studies have shown that IL-6 
is a critical pathogenic factor for ICC [35]. Thus, we 
explored whether FXR could regulate the expression of 
IL-6 in ICC cell lines. HuCCT1, which has a relative low 
level of endogenous FXR, was stimulated with the FXR 
agonist OCA, whose treatment for patients with primary 
cholestasis has entered clinical trials [36]. RBE and 
CCLP1 cells, with a relatively high level of endogenous 
FXR, were infected with FXR-shRNA lentivirus. FXR 
activation and knockdown efficiencies were confirmed 
using western blotting (Fig. 3a–d). The results showed 

Fig. 1. Downregulation of FXR was 
associated with poor prognosis in 
patients with ICC. a Representative 
immunostaining images of FXR in 
ICC and paired adjacent non-tumor 
tissues. b The expression of FXR in 
paired tumor and non-tumor tis-
sues are compared by IHC scor-
ing. c Scores of immunochemistry 
staining of FXR in 322 cases. d 
Kaplan–Meier analysis of time to 
recurrence rate (TTR) and overall 
survival (OS) for FXR expression.
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Table 2. Univariate and Multivariate Analyses of Fac-
tors Associated with Time to Recurrence in 322 iCCA 
Patients. Abbreviations: TNM, tumor–node–metasta-
sis; CI, confidence interval; Bold p-values less than 0.05 
indicate statistical significance

Variables 
Univariate Multiviariate 

HR (95 % CI) P value HR (95 % CI) P value 

Gender (female vs male) 1.086(0.817-1.443) 0.572   

Age (years) (≤ 58 vs. > 58) 0.876(0.662-1.158) 0.353   

Tumor size (diameter, cm) (≤ 5 vs. > 5) 1.443(1.088-1.914) 0.011 1.306(0.984-1.734) 0.065 

Tumor number (multiple vs. single) 1.728(1.264-2.360) 0.001 1.492(1.092-2.039) 0.012 

Tumor thrombus (absent vs. present) 1.349(0.897-2.030) 0.151   

Tumor encapsulation (absent vs. present) 1.450(0.922-2.283) 0.108   

Tumor differentiation (I/II vs. III/IV) 1.573(1.186-2.086) 0.002 1.471 (1.044-2.074) 0.028 

Cirrhosis (yes vs. no) 1.218(0.893-1.662) 0.214   

Lymph node metastasis 2.364(1.678-3.30) 0.000 2.025(1.128-3.633) 0.018 

CA19-9 1.296(0.981-1.712) 0.068   

TNM stage 2.008(1.470-2.742) 0.000 0.806(0.445-1.458) 0.475 

Hepatitis history 0.883(0.663-1.176) 0.395   

FXR 0.521(0.391-0.695) 0.000 0.508(0.380-0.679) 0.000 

Table 3. Univariate and Multivariate 
Analyses of Factors Associated with 
Overall Survival in 322 iCCA Patients. 
Abbreviations: TNM, tumor–node–
metastasis; CI, confidence interval; 
Bold p-values less than 0.05 indicate 
statistical significance

Variables 
Univariable Multiviariable 

HR (95 % CI) P value HR (95 % CI) P value 

Gender (female vs. male) 1.142(0.870-1.499) 0.339   

Age (years) (≤ 58 vs. > 58) 1.006(0.772-1.311) 0.965   

Tumor size (diameter, cm) (≤ 5 vs. > 5) 1.529(1.168-2.003) 0.002 
1.239(0.933-

1.646) 
0.139 

Tumor number (multiple vs. single) 1.576(1.168-2.127) 0.003 
1.401(1.032-

1.901) 
0.031 

Tumor thrombus (absent vs. present) 1.254(0.870-1.808) 0.225   

Tumor encapsulation (absent vs. 

present) 
1.384(0.905-2.118) 0.134   

Tumor differentiation (I/II vs. III/IV) 2.014(1.540-2.635) 0.000 
1.509(1.069-

2.132) 
0.019 

Cirrhosis (yes vs. no) 0.994(0.709-1.395) 0.973   

Lymph node metastasis 2.716(1.969-3.747) 0.000 
2.050(1.144-

3.672) 
0.016 

CA19-9 1.631(1.250-2.126) 0.000 
1.541(1.177-

2.017) 
0.002 

TNM stage 2.245(1.675-3.010) 0.000 
0.750(0.413-

1.360) 
0.343 

Hepatitis history 
0.803 (0.611-

1.056) 
0.116   

FXR 0.432(0.326-0.569) 0.000 
0.503(0.376-

0.672) 
0.000 
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Fig. 2. The prognostic value of CA19-9 and FXR in 
ICC Patients. a Kaplan–Meier curves for TTR (left 
panel)and OS (right panel) of ICC patients with 
negative CA19-9 (CA19-9 < 37 U/mL) based on 
FXR expression in ICC (n=163). b Kaplan–Meier 
curves for TTR (left panel) and OS (right panel) of 
ICC patients with positive CA19-9 (CA19-9 ≥ 37 U/
mL) based on CA19-9 expression in ICC (n=159).

Fig.2 

 

 

 

 

 

 

 

 

 

Fig. 3. The inhibitory effect of 
FXR on IL-6 production in ICC cell 
lines and the negative correlation 
between FXR and IL-6 in patients 
with ICC. a Expression of FXR in an 
immortalized human intrahepatic 
biliary epithelial cell line (HIBEp-
ic) and four cholangiocarcinoma 
cell lines. α-tubulin was used as 
the control. b Relative FXR mRNA 
level in an immortalized human 
intrahepatic biliary epithelial cell 
line (HIBEpic) and four cholan-
giocarcinoma cell lines. β-actin 
was used as the control. c HuCCT1 
cells (left panel) and HIBEpic cells 
(right panel) were activated with 
the FXR agonist OCA (1 μM), and 
control solvent. d CCLP1, RBE and 
HIBEpic cells were infected with 
lentiviral FXR shRNAs (shFXR-1 
and shFXR-2) and lentiviral shCtl 
vector. Efficiency of activation and 
knockdown of FXR was verified 
by western blotting. e IL-6 level 
in the culture supernatant of FXR-
activated ICC cells and healthy HI-
BEpic cells was detected by ELISA 
(upper panel). IL-6 level in the cul-
ture supernatant of FXR-silenced 
ICC cells and healthy HIBEpic cells 
was detected by ELISA (lower pan-
el). f IL-6 level in FXR-activated ICC 
cells and healthy HIBEpic cells was 
detected by flow cytometry (upper panel). IL-6 level in FXR-silenced ICC cells and healthy HIBEpic cells was 
detected by flow cytometry (lower panel). g Correlation analysis between FXR expression (IHC score) and 
IL-6 level (ELISA) in 97 patients with ICC.

 

Fig.3 

 

 

http://dx.doi.org/10.1159%2F000491715


Cell Physiol Biochem 2018;48:158-172
DOI: 10.1159/000491715
Published online: July 12, 2018 165

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Lv et al.: FXR Inhibits IL-6-Induced EMT in ICC

that IL-6 decreased when FXR was activated in HuCCT1 cells, while it increased when FXR 
was knocked down in CCLP1 and RBE cells (Fig. 3e and f). We also got the similar result in 
normal biliary epithelial cells HIBEpic (Fig.3c, d, e and f).

Loss of FXR correlates with increased IL-6 levels in patients with ICC
Among the autocrine cytokines generated in the inflammatory tumor microenvironment 

of HCC and ICC, IL-6 seems to be pivotal in the initiation and development of experimental 
HCC and ICC because of its contribution to advanced hepatocellular/biliary damage and 
proliferation of malignant cells [37-39]. To test the effect of FXR on IL-6 in vivo, we detected 
the IL-6 level in the tumor tissue of 97 patients with ICC randomly selected from 2015 
February to 2016 August. We found that FXR expression was negatively correlated with the 
tumor IL-6 levels in the 97 patients (R2 = 0.549, P < 0.001) (Fig. 3g).

Fig. 4. The inhibitory effect of 
FXR on the proliferation, migra-
tion and invasion of ICC cells. a 
HuCCT1 cells (left panel) were 
treated with OCA (1 μM) and con-
trol solvent in the presence and 
absence of IL-6 (20 ng/mL). CCLP1 
cells (middle panel) and RBE cells 
(right panel) were infected with 
lentiviral FXR shRNAs (shFXR) 
vectors and lentiviral control vec-
tor in the presence and absence of 
IL-6 antibody. Cell growth curves 
were measured by CCK8 test. b 
The effect of FXR activation and 
knockdown on the cell migration 
(left panel) and invasion (middle 
panel) was examined by transwell 
chamber assay. Representative 
images are shown. Magnification: 
×200. All results indicate mean ± 
SD in triplicate using bar graph 
(right panel). c The effect of FXR 
activation and knockdown on cell 
migration was also confirmed by 
scratch wound healing assay (up-
per panel). Representative images 
are shown. Magnification: ×200. 
All results indicate the mean ± SD 
for triplicate experiments using a 
bar graph (lower panel). **P<0.01, 
***P<0.001. d The inhibitory effect 
of FXR on migration of ICC cells 
was independent of proliferation suppression. HuCCT1 cells (left panel) were treated with OCA (1 μM) and 
control solvent in the presence and absence of IL-6 (20 ng/mL). CCLP1 cells (middle panel) and RBE cells 
(right panel) were infected with lentiviral FXR shRNAs (shFXR) and lentiviral control vector (shCtl) in the 
presence and absence of IL-6 antibody. The effect of FXR activation and knockdown on cell migration was 
examined by scratch wound healing assay. Cells were pretreated with mitomycin C (10 μg/ml for 2 h) before 
the assays. Representative images are shown (upper panel). Magnification: ×200. All results indicate the 
mean ± SD for triplicate experiments using a bar graph (lower panel). **P<0.01, ***P<0.001.

Fig.4 
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FXR inhibits proliferation, migration, and invasion of ICC cells via IL-6 suppression
The clinical implications of FXR in ICC prompted us to explore its potential biological 

function. We first compared the proliferative ability in FXR-activated and FXR-silenced 
cells with their respective controls. The proliferation of FXR-activated HuCCT1 cells was 
significantly inhibited, while the proliferation of CCLP1-shFXR and RBE-shFXR cells was 
markedly enhanced, compared with their respective controls (Fig. 4a). FXR-activated 
HuCCT1 cells showed decreased cell migration and invasion compared with control cells, as 
measured by transwell and wound healing assays (Fig. 4b and c). In contrast, FXR-silenced 
cells showed increased cell migration and invasion compared with control cells (Fig. 4b 
and c). However, when we added IL-6 into the culture medium, the inhibitory effect of the 
FXR agonist OCA was rescued. Similarly, when IL-6 antibodies were added into the culture 
medium, the promotive effect of FXR-silencing was diminished in CCLP1 and RBE cells (Fig. 
4. b and c). In order to exclude the effect of proliferation on wound healing assay, we repeated 
this assay using mitomicin C (10 μg/mL for 2 hours) and obtained the similar results (Fig. 
4d). Taken together, FXR could inhibit the proliferation, migration, and invasion abilities of 
ICC cells, while IL-6 could rescue these effects in vitro.

FXR inhibits epithelial-mesenchymal transition (EMT) via IL-6 suppression
EMT is one of the most critical processes that provide cancer cells with increased migratory 
and invasive abilities [40]. Therefore, key molecules of EMT were evaluated in both FXR-
activated and silenced ICC cells. Western blotting analysis indicated decreased epithelial 
markers, such as E-cadherin and ZO-1, and increased mesenchymal markers, such as 
N-cadherin, snail and Vimentin in FXR activated HuCCT1 cells compared with controls 
(Fig. 5a). Conversely, increased E-cadherin and ZO-1, and decreased N-cadherin, snail 
and Vimentin were observed in FXR-silenced CCLP1 and RBE cells (Fig. 5b). The nuclear 
accumulation of β-catenin, which translocates to the nucleus after EMT activation, was 
inhibited in FXR-activated ICC cells and promoted in FXR-silenced ICC cells (Fig. 5c and d). 
In accordance with functional assays, IL-6 and IL-6 antibodies could rescue the inhibitory 
effect of FXR activation and promotive effect of FXR silencing on EMT, respectively (Fig. 5a-
d). Taken together, our results suggested that the FXR agonist OCA might inhibit EMT via IL-6 
suppression in ICC cells.

Fig. 5. The inhibitory effect of FXR 
on EMT of ICC cells. a HuCCT1 cells 
were treated with OCA (1 μM) and 
control solvent in the presence and 
absence of IL-6 (20 ng/mL). EMT-
related proteins were examined 
by western blotting. β-actin was 
used as a control. b CCLP1 cells 
(left panel) and RBE cells (right 
panel) were infected with lentivi-
ral shFXR-1, shFXR-2 and lentiviral 
shCtl vector in the presence and 
absence of IL-6 antibody. EMT-re-
lated proteins were examined by 
western blotting. β-actin was used 
as a control. c HuCCT1 cells were 
treated as indicated in Fig. 5a. The nuclear β-catenin level was examined by western blotting. Histone H3 
was used as a control. d CCLP1 cells (left panel) and RBE cells (right panel) were treated as indicated in Fig. 
5b. The nuclear β-catenin level was examined by western blotting. Histone H3 was used as a control.

Fig.5 
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FXR inhibits ICC growth and metastasis in tumor xenograft models
We evaluated whether FXR plays a crucial role in the progression of ICC in a NOD-SCID 

mouse tumor xenograft model. RBE-RFP cells successfully formed tumors after orthotropic 
transplantation into NOD-SCID mice. The tumor size of the RBE-RFP cells-derived xenografts 
was 2.50 ± 0.63 cm3, which was significantly larger than that of tumors formed in NOD-SCID 
mice that were fed with OCA (1.15 ± 0.63 cm3; P < 0.01) (Fig. 6a and b). Similarly, the tumor 
weight of RBE-RFP cells-derived xenografts was 34 ± 2.8 mg, which was significantly larger 
than that of tumors formed in NOD-SCID mice fed with OCA (7.8 ± 1.30 mg; P < 0.001) (Fig. 
6a and c). Pulmonary metastasis occurred in 80% (4/5) of the RBE-RFP-derived xenografts, 
which was a higher rate than that observed in the NOD-SCID mice fed with OCA (20%, 1/5) 
(Fig. 6d, e and f). The number of metastatic nodules of each grade in the lung was also greater 
in the control RBE-RFP group (Fig. 6d, e and g). These results suggested that OCA, an FXR 
agonist, could inhibit tumor growth and lung metastasis in tumor xenograft models.

We next investigated the tumor tissue IL-6 level from NOD-SCID mice. Mice that were 
fed with OCA had a much lower IL-6 level compared with the control group (197.84 ± 43.15 
pg/g vs. 78.95 ± 23.19 pg/g, P < 0.01) (Fig. 6h).

Discussion

ICC, a highly fatal tumor, is the most frequent primary malignant liver tumor next to 
HCC. The prognosis of ICC remains extremely poor because of the special anatomical location 
and physiological activity of ICC. Compared with HCC, little is known about the molecular 
mechanism of the pathogenesis of ICC. New prognostic indices for ICC are urgently needed 
because of the limitation of CA199 in ICC patients. In the present study, we demonstrated the 
prognostic value of FXR expression in ICC. Importantly, we showed that FXR had prognostic 
value in CA19-9 negative patients with ICC. Moreover, loss of FXR changed the IL-6 level in 
patients with ICC.

FXR plays a vital role in maintaining the balance of BAs metabolism in the liver. In the 
normal physiological state, once BAs increase, FXR is strongly activated, promoting the 
excretion of BAs and reducing their reabsorption; thus, the concentration of BAs is reduced in 

Fig. 6. OCA inhibited the growth 
and lung metastasis of ICC cells in 
vivo. RBE-RFP cells were injected 
subcutaneously into NOD-SCID 
mice. One week after inoculation, 
tumor bearing mice were fed with 
OCA (10 mg/kg/day) and vehicle 
solution. a Representative im-
ages of harvested tumors of the 
two group; b The growth curve 
of subcutaneous tumors in NOD-
SCID mice is shown. c. Total tumor 
weight of the two groups. d The 
red fluorescence indicating lung 
metastasis. e Hematoxylin and 
eosin staining of lung metastatic 
nodes of NOD-SCID mouse in the 
control group (left panels) and the 
lung of the OCA group (right pan-
els). Upper panels: magnification: ×100; bottom panels: magnification: ×200. f The number of NOD-SCID 
mice which had lung metastasis of the two groups, **P<0.01, ***P<0.001. g The number of lung metastasis 
in NOD-SCID mice of the two groups, **P<0.01, ***P<0.001. h IL-6 level in tumor tissue of NOD-SCID mice 
of the two groups.
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the bile duct, which avoids excessive BAs damage to the liver bile duct cells. In patients with 
ICC, the secretion and reabsorption of BAs are switched into an aberrant state because of 
abnormal tumor metabolism. A large number of BAs accumulate in the bile ducts in patients 
with ICC, while according to our results, FXR expression decreased in the bile ducts. These 
effects led to excessive toxic BAs accumulation, along with damage to bile duct epithelial 
cells. The consequent inflammatory response could result in malignant transformation and 
stimulation of cholangiocarcinoma growth [41].

Increasing evidence had demonstrated a close relationship between FXR and 
cholangiocarcinoma. Mice deficient for FXR spontaneously developed hepatobiliary 
malignancies [42, 43]. Martinez-Becerra et al [44]. and Dai et al [27]. previously showed 
downregulation of FXR mRNA and protein in ICC patients, respectively. However, the sample 
size was quite limited (12 patients with ICC in Martinez-Becerra’s research and 26 patients 
with ICC in Dai’s research). Our results complemented and reinforced the above conclusion, 
added new finding in this field. We demonstrated a significant loss of FXR in ICC tissues and 
a close correlation of reduced FXR expression in tumor tissues with increased IL-6 level, 
poor survival and high recurrence rates in patients with ICC. These results emphasized the 
potential prognostic value of FXR in ICC.

Compared with HCC, patients with ICC have a relative worse prognosis. Generally, CA19-
9-negative patients with ICC have a relatively favorable prognosis. However, some CA19-
9-negative patients with ICC progress rapidly, with poor prognosis. To date, a satisfactory 
prognostic factor for CA19-9-negative patients with ICC has not been discovered. In the 
present study, when applied to preoperative serum CA19-9-negative patients, FXR positive 
status could effectively differentiate patients with poor prognosis. Thus, to some extent, FXR 
expression could be a powerful tool to make rational treatment decisions in CA19-9 negative 
patients.

A recent study demonstrated that IL-6 has an integral role in ICC prognosis as a growth 
and survival factor of cholangiocarcinoma cells [45]. IL-6 and its receptor cannot be detected 
in the serum of healthy people, but can be detected in 100% of patients with bile duct cancer, 
in 92.9% of those with HCC, in 53.8% of those with liver metastatic colorectal cancer, and 
in 40% of those with benign biliary tract disease [31]. In the present study, we observed 
that FXR expression was negatively correlated with tumor IL-6 levels in patients with ICC. 
In line with our results, Xu et al [46]. reported that FXR activation could attenuate liver 
inflammatory damage by suppressing inflammation mediators such as IL-6 in an animal 
model of lipopolysaccharide-induced liver injury. Vavassori et al [47]. reported that FXR 
activation decreased the severity of inflammation by reducing proinflammatory cytokines, 
including IL-6, in animal models of colitis. Yang et al [48]. reported that FXR-deficient 
mice could spontaneously develop hepatobiliary malignancies with increased IL-6 levels. 
Maran et al [49]. reported that FXR deficiency promoted IL-6-mediated inflammation and 
tumorigenesis in chemical carcinogen-induced mice intestinal cancer. These important 
observations in animal models, combined with our findings on human subjects, implied 
that FXR regulates autocrine-paracrine communication among ICC cells by IL-6 inhibition. 
Previous studies revealed that NF-κB activated IL-6 transcription through a consensus NF-κB 
binding site [50]. While FXR has been reported to antagonize NF-κB in hepatic inflammatory 
response [51]. We hence proposed that FXR might suppress the expression of IL-6 by NF-κB 
inhibition. However, the detailed mechanism still need further investigation.

EMT, which refers to the pathway of the transformation of epithelial cells to 
mesenchymal cells, plays a critical role in embryonic development, chronic inflammation, 
tissue remodeling, cancer metastasis, and a variety of fibrotic diseases. Previous reports 
showed that IL-6 could induce EMT in breast cancer, pancreatic cancer, and lung cancer [52-
54]. In the present study, we verified that IL-6 is an autocrine factor that promotes EMT of 
ICC cells. At the same time, its expression was inhibited by OCA, which is an FXR agonist 
used for the oral treatment of cholestatic liver diseases, including primary billiary cirrhosis, 
non-alcoholic fatty liver disease, and non-alcoholic steatohepatitis [55, 56]. These results 
suggested that OCA might be a useful tool for treating patients with ICC.
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Conclusion

In summary, this study indicated that loss of FXR plays a pivotal role in tumorigenesis of 
ICC patients and acted as a prognostic marker, especially in CA19-9-negative patients with 
ICC. The FXR agonist OCA might represent a novel drug to treat ICC.
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