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Introduction: Farnesoid X receptor (FXR), a member of nuclear receptors, functionally 
regulates bile acid, glucose and lipid homeostasis. It is also worth noting that FXR plays 
a suppressor role in cancer and inflammation. However, the contribution of FXR to esopha-
geal squamous cell carcinoma (ESCC) remains unknown.
Methods: The role of FXR activation in ESCC progression was evaluated in ESCC cell 
lines KYSE150 and EC109 in vitro and BALB-C nude mice in vivo. In vitro, FXR synthetic 
ligand GW4064 was used to detect the effects on ESCC cell proliferation, migration, 
apoptosis and cell cycles. To assess the effects of GW4064 on ESCC development in vivo, 
a xenograft tumor model was constructed. And ERK1/2 activity was evaluated by immuno-
blot analysis.
Results: FXR synthetic ligand GW4064 impaired esophageal squamous cell carcinoma 
(ESCC) proliferation and migration, induced apoptosis and cell cycle arrest in vitro, accom-
panied by inhibition of some inflammatory genes and promotion of pro-apoptotic genes. We 
then found that FXR activation decreased the phosphorylation levels of ERK1/2 induced by 
tumor necrosis factor-α (TNF-α) in ESCC cells. Consistent with these results, GW4064 
suppressed ESCC tumorigenesis in a xenograft model and suppressed the phosphorylation of 
ERK1/2 in tumors.
Discussion: These findings identify that activating FXR may serve as a promising therapy 
or adjuvant therapeutic tool for controlling ESCC development.
Keywords: FXR, farnesoid X receptor, GW4064, ESCC, ERK1/2

Introduction
The incidence of esophageal cancer is regional, and esophageal cancer is the 8th 
most common cancer in the world.1 Esophageal squamous cell carcinoma (ESCC) 
has a high incidence rate in East Asia, Eastern and Southern Africa, and Southern 
Europe due to ethnicity, genetic, and dietary.2–4 For the treatment of ESCC, 
chemotherapy, chemoradiotherapy, and esophagectomy are the mainstays; however, 
the 5-year survival rate is still poor.5 Current therapeutic strategies for ESCC are 
limited; thus, it remains urgent to understand pathogenetic mechanisms of ESCC 
and develop effective strategies to control ESCC.

Mitogen-activated protein kinase (MAPK) pathway, consisting of ERK1/2, 
JNK1/2, p38 and ERK5, is one of the most classic signal transduction pathways 
and involves multiple physiological responses.6 And blocking the activation of 
ERK1/2 may suppress the development of colorectal cancer, pancreatic cancer 
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and bladder cancer.7–9 Recently, Ma et al reported that 
triptolide displays antitumor activity in ESCC in vitro 
and xenograft model by inhibiting the phosphorylation of 
ERK1/2.10 Thus, discovering novel therapeutic drugs or 
targets that block conventional MAPK/ERK activation 
would be valuable for repressing tumor development.

Farnesoid X receptor (FXR), one member of nuclear 
receptor superfamily, is involved in bile acid 
homeostasis.11–13 In addition, FXR is shown to contribute 
to multiple physiological metabolisms, such as lipid, fatty 
acid and glucose metabolism.14 As a ligand-activated tran-
scription factor, upon binding to the ligands, such as natural 
bile acids (BAs) or synthetic ligands, FXR would initiate 
regulation of a series of downstream genes. And GW4064 
is the most commonly used synthetic ligand in research.11 

Over the past decade, accumulating evidence has suggested 
that FXR activation has suppression function in cancer and 
inflammation. For example, FXR is a suppressor in hepatic 
inflammatory through antagonizing NF-κB signaling.15 

FXR activation prevents tumor-stimulatory activities of can-
cer-associated fibroblasts in breast cancer.16 In a recent 
study, Liu et al reported GW4064 attenuated lipopolysac-
charide-induced ileocolitis.17 It suggests that FXR has key 
roles in different cancers.

In the present research, we demonstrated that synthetic 
FXR ligand GW4064 dramatically suppressed ESCC cell 
growth, migration and cell cycle, and promoted cell apop-
tosis. In addition, GW4064 suppressed ESCC progression 
in a xenograft model. Furthermore, we reveal that 
GW4064 inhibits ERK1/2 signaling in ESCC cells. This 
study implied that activation of FXR by GW4064 is an 
effective treatment for ESCC.

Materials and Methods
Collection of Tissue Specimens
Human colorectal samples and stomach samples were 
collected from the Department of General Surgery at 
Affiliated Huaihe Hospital of Henan University between 
2016 and 2017. These patients with Colorectal Cancer, or 
Gastric cancer, underwent complete surgical resection of 
the tumor at Affiliated Huaihe Hospital. The tumor tissues 
and paracancerous tissue samples were snapped frozen and 
stored in liquid nitrogen until subsequent analysis. Written 
informed consents were obtained from all subjects, and 
this study was approved by the Ethics Committee of 
Affiliated Huaihe Hospital of Henan University, Kaifeng, 
China.

Animals
Mice were purchased from Beijing Experimental Animal 
Center (License No. SCXK (Jing) 2002–0003). All animal 
studies were conducted with approval from the Animal 
Research Ethics Committee of School of Basic Medical 
Sciences of Henan University and followed the NIH 
guidelines for the care and use of laboratory animals. For 
in vivo tumorigenesis assay, male BALB-C nude mice 
(4-week old) were each injected subcutaneously into the 
left-forelimb armpit with EC109 cells (4×106 cells per 
mouse, n=6–8) in a total volume of 150 μL. GW4064 
was dissolved in DMSO and configured to 
a concentration of 6 mg/mL. When the tumor size reached 
100 mm3, GW4064 (30 mg/Kg body weight) was intraper-
itoneally injected once every three days. In control, mice 
were injected intraperitoneally with vehicle DMSO. 
Tumor growth was evaluated with a caliper by measuring 
tumor length (L) and width (W), and tumor volume was 
calculated according to 1/2×LW2. The mice were sacri-
ficed after 7th measurement (30 days) and the tumors were 
removed and weighed.

Cell Culture
ESCC cell lines KYSE150, EC109 and TE-1 were pur-
chased from China Infrastructure of Cell Line Resource, 
and were incubated in complete RPMI-1640 culture 
medium (with L-glutamine) supplied with 10% (vol/ 
vol) fetal bovine serum and 1% (vol/vol) penicillin- 
streptomycin. Cells were pre-plated into 6-well plates 
and treated with GW4064 (1.5 μM, 3 μM) for 24 h. 
GW4064 was added to the culture medium as 1000× 
stock solutions in DMSO, and the vehicle (0.1% 
DMSO) was added as a control group as described 
previously.18,19 Next, cells were incubated with or with-
out TNF-α (10 ng/mL, PeproTech) for 6 hours and then 
were harvested for RNA extraction. For protein assay, 
cells were pre-plated into 6 cm plates, and then were 
incubated with GW4064 (1.5 μM, 3 μM) for 24 h. Next, 
cells were treated with TNF-α for 3 h and total proteins 
were extracted.

RNA Isolation and Quantitative 
Real-Time PCR
Total RNA was extracted from cells and tumors with 
Trizol, and the detailed procedure was carried out as 
described previously.20–22 Then complementary DNA 
strand was synthesized from 3 μg total RNA using 
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M-MLV Reverse Transcriptase (Invitrogen, Carlsbad, CA, 
USA). Quantitative real-time PCR was performed using 
SYBR™ Select Master Mix (Applied Biosystems™) in 
7500 Real Time PCR System (Applied Biosystems). 
Amplification of human β-actin or mouse 36B4 was used 
as a loading control for normalization of gene expression. 
Relative mRNA expression levels were described in our 
results. Primer sequences are shown in Table S1.

Immunoblot Analysis
Total proteins were isolated with lysis buffer from cells or 
tumors, and then 10% SDS/PAGE gel was used to separate 
proteins. The proteins were then transferred to 
a nitrocellulose membrane as described previously. Bands 
on blots were visualized and the relative density of protein 
expression was analyzed with a computerized digital ima-
ging system using Tanon software. β-actin was used as an 
internal reference for normalization of protein levels. All 
the antibodies applied in the present study were purchased 
from Cell Signaling Technology.

Cell Proliferation and Migration Assay
Proliferation and migration assays were performed using 
Real Time Cellular Analysis (RTCA). For proliferation, 
7000 cells/well were seeded into E-plate, and cells were 
incubated with GW4064 (1.5 μM, 3 μM) for RTCA. For 
migration, 1×105 cells with GW4064 treatment (1.5 μM, 3 
μM) were cultured in the upper chamber with a serum-free 
medium, and the lower chamber was in a 1640 medium 
with 10% FBS. Then, the RTCA was used to detect cell 
migration.

Flow Cytometric Assay for Detection of 
Apoptotic Cells
Detection of apoptosis was stained with the Annexin 
V-FITC/PI kit according to the instructions (BD 
Pharmingen Annexin V: FITC Apoptosis Detection Kit 
I), and then quantitatively analyzed by flow cytometry. 
Briefly, 4×105 cells/well were pre-plated into 6-well plates, 
and then were treated with the indicated reagents for 24 
h and 48 h, respectively. Floating cells and adherent cells 
were collected, and washed twice with PBS. Next, the 
resuspended cells were incubated with annexin V-FITC 
and PI in the dark room for 15 min. After staining, the 
cell suspension was detected with a flow cytometer.

Flow Cytometric Assay for Detection of 
Cell Cycle
Detection of cell cycle was performed with the DNA 
content quantitation assay (Solarbio) according to the 
instructions and then quantitatively analyzed by flow cyto-
metry. 4×105 cells/well were pre-plated into 6-well plates, 
and then were treated with the indicated reagents for 24 
h and 48 h, respectively. Adherent cells were collected, 
and washed twice with PBS. The cells were fixed with 
75% pre-cooled ethanol at 4°C for 2 h, and were washed 
with PBS. Then, 100 μL of RNase A was used to treat cells 
to remove RNA interference (30 min, 37°C). Cells were 
incubated with PI in a dark room for 15 min, and then 
were detected with a flow cytometer.

Statistics
All data represent at least three independent experiments 
and were expressed as the mean ± SEM. The Student’s 
t test and a two-way analysis of variance (ANOVA), fol-
lowed by Bonferroni’s post-hoc test, were performed. 
A P value less than 0.05 was considered to be significant.

Results
Activation of FXR Impaired Proliferation 
and Migration of Human ESCC Cells
Human colorectal samples and stomach samples were 
collected from the Department of General Surgery at 
Affiliated Huaihe Hospital of Henan University. FXR 
expression of human colon (n=8), stomach issue (n=8), 
EC109 cells and KYSE150 cells were quantified in 
Figure 1. The relative levels of FXR were lower in eso-
phageal cancer cells (EC109 and KYSE150) than that in 
human colon and gastric tissues. However, the FXR ago-
nist GW4064 still activated the FXR target genes in ESCC 
cells (Supplementary Fig. 1). And FXR agonist GW4064 
induced FXR target genes, PLTP, BACS, and BAT expres-
sion in KYSE150 cells, SHP, STD, BACS, PLTP, BAT, 
and VLDLR in EC109 cells (Supplementary Fig. 1).

It is recognized that blockade of cell proliferation and 
migration abilities plays key roles in therapy for cancer. 
IC50 of GW4064 against KYSE150 and EC109 cells were 
5.1 μM and 4.6 μM, respectively (Supplementary Fig. 2). 
MTT assay showed that the inhibitory effect of 1.5 μM of 
GW4064 on cell proliferation was more significant than that of 
GW4064 at the concentrations of 0.5 μM and 1 μM 
(Supplementary Fig. 3). In addition, Real Time Cellular 
Analysis (RTCA) was performed to detect the effect of FXR 
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activation by GW4064 on proliferation and migration in 
KYSE150, EC109 cells, and TE-1. The proliferation of 
KYSE150 and EC109 cells was suppressed by GW4064 at 
the concentrations 1.5 μM and 3 μM (Figure 2A and B). 
Meanwhile, GW4064-treated cells showed a considerable 

reduction in migration potential of ESCC cells (Figure 2C 
and D). Consistently, the proliferation and migration of TE-1 
cells were also suppressed by GW4064 at the concentrations 
1.5 μM and 2 μM (Supplementary Fig. 4). We noticed that 
GW4064 has a concentration-dependent inhibitory effect on 
the proliferation and migration of ESCC cells. These results 
suggest that FXR activation by GW4064 impaired ESCC cell 
proliferation and migration.

FXR Activation Induced Apoptosis of 
Human ESCC Cells
To investigate the effect of FXR activation on ESCC cell 
apoptosis, flow cytometry assay was employed. And 
KYSE150 and EC109 cells were treated with GW4064 (3 
μM) for 24 h and 48 h. It was observed that there was 
a significant increase in the proportion of apoptotic cells in 
the treated group compared to the control group (Figure 3A 
and B).

Figure 1 FXR levels of human colon (n=8), stomach issue (n=8), EC109 cells and 
KYSE150 cells were quantified.

Figure 2 FXR agonist GW4064 impairs proliferation and migration of ESCC cells. (A) GW4064 inhibited proliferation of KYSE150 cells. Proliferation assay was performed 
using Real Time Cellular Analysis (RTCA). (n=5) (B) GW4064 inhibited proliferation of EC109 cells (n=5) (C) Real Time Cellular Analysis (RTCA) assay confirmed that 
GW4064 inhibited KYSE150 cell migration. (n=5) (D) GW4064 impaired EC109 cell migration. *P < 0.05 versus the control groups. CON, DMSO-treated group; GW4064 
1.5μM, 1.5μM GW4064-treated group GW4064 3μM, 3μM GW4064-treated group. The impedance of the electron flow caused by adherent cells is reported using a unitless 
parameter called the cell index, where cell index = (time point n impedance - impedance in the absence of cells)/nominal impedance value).
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In detail, we observed that FXR activation by GW4064 (3 
μM) in KYSE150 cells resulted in 2-fold higher of the per-
centage of apoptotic cells than that of the control group after 
treatment for 24 h and resulted in 3-fold higher of the percen-
tage after treatment for 48 h (Figure 3A). A considerable 
difference of EC109 apoptotic cell percentage can be 
observed among the control group (8.8%), GW4064 1.5 μM 
group (12.3%) and GW4064 3 μM group (25.1%) after treat-
ment for 48 h (Figure 3B). Collectively, FXR activation with 
GW4064 induced cell apoptosis. Next, we determined the 
transcription levels of apoptosis-related genes. We found 
that GW4064 treatment (1.5 μM) in KYSE150 cells increased 
the expression levels of pro-apoptosis genes p53 and caspase 
3 (Figure 3C). And the transcription levels of p21, Bak1, Bim, 
Bax and caspase 3 were increased in GW4064-treated EC109 
cells (Figure 3D). In addition, FXR activation with GW4064 
increased the expression levels of pro-apoptosis proteins 

Cleaved-PARP, p53 and p21 in KYSE150 cells and EC109 
cells (Supplementary Fig. 5). Overall, these data indicate that 
GW4064 can induce apoptosis in ESCC cells.

FXR Activation Induced Cell Cycle Arrest
As the cell cycle arrest contributed to the anticancer effect, 
we next sought to investigate the cell cycle distribution by 
flow cytometry in KYSE150 and EC109 cells with or 
without GW4064 treatment. We observed an increase in 
the percentage of cells in the G0/G1 phase after 1.5 μM 
GW4064 treatment (76.3%) and 3 μM GW4064 treatment 
(76.4%) compared to the control group (60.8%) at 24 h, 
suggesting that FXR activation induced KYSE150 cell 
cycle arrest in the G0/G1 phase (Figure 4A). Similarly, 
G0/G1 phase arrest also was seen in EC109 cells after 
GW4064 treatment for 24 h (Figure 4B). The G0/G1 phase 
distribution was increased from 51.6% in control group to 

Figure 3 FXR activation induced apoptosis of human ESCC cells. (A) Representative fluorescence-activated cell sorting analysis of apoptosis of KYSE150 cells treated by 
GW4064. KYSE150 cells were treated with DMSO (control groups), GW4064 (3μM) for 24h and 48 h, and then harvested and stained with the apoptotic kit. Con, control. 
*P < 0.05, (n=3) (B) Representative fluorescence-activated cell sorting analysis of apoptosis of EC109 cells treated by GW4064. EC109 cells were treated with DMSO as 
control groups (Con-48h), 1.5μM of GW4064 (GW4064 (1.5μM)-48h) or 3μM of GW4064 (GW4064 (3μM)-48h) for 48 h. And then cells were harvested for analysis. 
*P<0.05 (n=3) (C) Relative mRNA levels of pro-apoptotic genes were increased in the GW4064-induced KYSE150 cells. *P < 0.05 versus the control groups. (n=3) (D) 
GW4064 induced the expression of pro-apoptotic genes in EC109 cells. *P < 0.05 versus the control groups. (n=3).
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66.8% in 1.5 µM GW4064-treated group and 72.4% in 3 
µM GW4064-treated group in EC109 cells. Together, 
these data indicated that FXR activation by GW4064 con-
tributed to cell cycle G0/G1 arrest of ESCC cells and 
demonstrated one conceivable mechanism by which FXR 
activation suppresses ESCC process.

GW4064 Regulated ESCC Cell 
Inflammatory Response
Next, we determined the transcription levels of proliferation 
and migration-associated inflammatory factors and proin-
flammatory genes. We found that GW4064 treatment (1.5 
μM) in KYSE150 cells increased the expression levels of 
FXR target genes SHP and BSEP and decreased gene 
expression levels of c-fos, CyclinD1, IL-6 and MMP7 
(Figure 5A). And the transcription levels of c-fos, MMP7, 

MMP12 and cdc25 were lessened in GW4064-treated 
EC109 cells (Figure 5B). Furthermore, we observed FXR 
agonist GW4064 downregulated TNF-α-induced proinflam-
matory genes levels in KYSE150 cells (Figure 5C). And 
GW4064 downregulated proinflammatory genes IP-10 and 
TNF-α levels induced by TNF-α in EC109 cells (Figure 5D). 
These findings support the notion that FXR agonist 
GW4064 can inhibit ESCC cell inflammatory response.

GW4064 Suppressed the Tumorigenesis 
in vivo
To further confirm the effects of GW4064 on ESCC devel-
opment in vivo, a xenograft tumor model was constructed. 
The xenograft experiments showed smaller tumor sizes in the 
GW4064-treated group than those in the control group 
(Figure 6A–C). Moreover, we detected the tumor mass in 

Figure 4 FXR activation induced cell cycle arrest. (A) Representative histograms of KYSE150 cells treated for 24 h in the absence or presence of GW4064 (1.5μM or 3μM) 
and the cell cycle distribution after GW4064 treatment for 24 h. (B) Representative histograms of EC109 cells treated for 24 h in the absence or presence of GW4064 
(3μM) and the cell cycle distribution after GW4064 treatment. (n=3).
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each group and the results showed that the tumor weight was 
significantly reduced in the GW4064-treated groups 
(Figure 6D). GW4064 suppressed tumor sizes in a dose- 
dependent manner (Supplementary Fig. 6). Thus, these results 
suggest that GW4064 suppressed ESCC progression in vivo.

FXR Activation Reduced ERK1/2 Activity 
in vivo and in vitro
We have found that the expression levels of some proin-
flammatory genes, such as c-fos, cdc25 and Bim, were 
downregulated in the GW4064-treated ESCC cells, and 
these genes may be mediated by MAPK/ERK1/2 

signaling. To understand the mechanism by which FXR 
activation regulates ESCC development, we performed 
immunoblot analysis to examine the phosphorylation 
levels of ERK1/2 in ESCC cells and tumors. We observed 
that FXR agonist GW4064 suppressed the phosphorylation 
of ERK1/2 induced by TNF-α by about 45% and 33% in 
KYSE150 and EC109 cells, respectively (Figure 7A and 
B). Consistently, the phosphorylation levels of ERK1/2 in 
the tumors treated by GW4064 were lower than that in the 
control group (Figure 7C). These results suggest that FXR 
activation by GW4064 suppressed ERK1/2 phosphoryla-
tion in vivo and in vitro.

Figure 5 FXR agonist GW4064 decreased the mRNA levels of proinflammatory genes in ESCC cells. (A) GW4064 influenced FXR target genes and suppressed c-fos, 
CyclinD1, IL-6 and MMP7 expression in KYSE150 cells. (B) GW4064 downregulated MMP7, c-fos, MMP12 and cdc25 gene expression in EC109 cells. (C) The mRNA levels 
of inflammatory cytokines induced by TNF-α were reduced upon GW4064 in KYSE150 cells. (D) GW4064 decreased the inflammatory gene expression induced by TNF-α 
in EC109 cells. *P < 0.05. (n=3).
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Figure 6 FXR agonist GW4064 suppressed ERK1/2 cell signaling pathway. (A) GW4064 suppressed the ERK1/2 pathway induced by TNF-α in KYSE150 cells. (B) Phospho- 
ERK1/2 levels were decreased upon TNF-α treatment (10 ng/mL) in EC109 cells. (C) Phospho-ERK1/2 protein levels were downregulated in GW4064-treated xenograft 
tumors. *P < 0.05. (n = 3).
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Figure 7 GW4064 suppressed EC109 cells-induced tumorigenesis in vivo. (A) Representative nude mice with xenograft tumors were shown. EC109 cells were injected 
subcutaneously into the nude mice. GW4064 (30 mg/Kg body weight) was administered by intraperitoneally injected every 3 days for 7 times. (n=6–8). (B) The tumors were 
excised and photographed. (C) Growth kinetics of tumor was analyzed. (D) Tumor weight was measured and analyzed. *P < 0.05. (n=6–8).
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Discussion
FXR, as a bile acid nuclear receptor, controls target gene 
expression by binding FXR response elements (FXREs) 
after ligand challenge. FXR regulates SHP, CYP7A1, 
CYP8B1, BACS and BAT expressions involved in bile acid 
metabolism, and regulates lipoprotein metabolism-related 
genes MDR3, PLTP, SDC1, and VLDLR. Then, multiple 
signaling pathways were triggered to regulate lipid and glu-
cose metabolism, and energy homeostasis.11,23 In the recent 
years, FXR has been shown to be involved in various disease 
therapies, including liver carcinogenesis, colon cancer, endo-
metriosis, cholangiocarcinoma, pulmonary hypertension and 
liver fibrosis.24–31 Guan et al reported that inhibition of FXR 
suppressed progression of esophageal cancer32 and De 
Gottardi et al showed that FXR was significantly overex-
pressed in Barrett’s esophagus and guggulsterone, an antago-
nist of bile acid receptors, induced cell apoptosis in a Barrett’s 
esophagus-derived cell line.33 FXR, as a nuclear receptor, is 
normally activated by its ligands. However, the function of 
FXR activation by its ligands in ESCC development is still 
unclear. In our current study, we reveal an inhibitory function 
of FXR on ESCC after activated by the agonist GW4064.

Although the relative expression levels of FXR were 
lower in esophageal cancer cells (EC109 and KYSE150) 
than that in human colon and gastric tissues (Figure 1), 
FXR agonist GW4064 still activated the FXR target genes 
in ESCC cells (Supplementary Fig. 2). We further compared 
the target gene responses of WT and FXR−/- mice to 
GW4064 treatment. GW4064 changed the gene expression 
levels of SHP, CYP7A1, CYP8B1 and MDR3 in WT, but not 
FXR−/- mouse livers (Supplementary Fig. 7), which indi-
cated that GW4064 specifically activated FXR in vivo. In 
transplanted tumors, GW4064 did not increase the protein 
level of FXR (Supplementary Fig. 8). However, we noted 
that GW4064 not only activated FXR in tumor tissue but 
also in mouse livers in the xenograft mouse model 
(Supplementary Fig. 8), indicating that GW4064 has anti-
tumor activity in the whole body in mice. This result indi-
cates that GW4064 stimulated the nuclear transcription of 
FXR, but did not promote the protein expression levels of 
FXR. GW4064 is administered by intraperitoneal injection, 
and the drug reaches the whole body through blood circula-
tion. The efficacy and safety of drugs in vivo is influenced by 
a variety of factors, including cell- and tissue-specific 

Figure 8 GW4064 affects the development of ESCC by activating FXR. Inhibition, Induction, P indicate Phosphorylation.
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targeting, and drug stability.34 Thus, it will be interesting to 
explore effective and special drug delivery systems for 
GW4064, such as nanomaterials, in order to improve drug 
targeting tumor cells and alleviate the side effects of 
GW4064 in normal tissues.

MAPK/ERK pathway is involved in tumor development, 
including regulation of cell proliferation, migration, and 
apoptosis.35 Blocking ERK1/2 pathway can alleviate and 
even prevent tumorigenesis and deterioration.7–9 ERK1/2 
inhibitor FR180204 has been reported as a suppressor to 
impair mesothelioma cell proliferation and diminish color-
ectal cancer cell viability.36,37 Furthermore, Ma et al found 
triptolide impaired ESCC cell proliferation and migration, and 
arrested cell cycle and promoted apoptosis via ERK1/2 
pathway.10 Here we show that FXR agonist GW4064 sup-
pressed ESCC development and also inhibited ERK1/2 path-
way. We found that GW4064 impaired ESCC cell 
proliferation, migration, and promoted apoptosis in vitro. 
And we observed GW4064 inhibited ESCC tumor growth 
in vivo. As shown in Figure 8, these data show FXR activa-
tion may regulate ERK1/2 to suppress ESCC development.

Several publications proposed an important function for 
MMP7 in accelerating cell proliferation and cancer 
development.38–40 Previous reports found activating FXR 
inhibited MMP7 expression in gastric tissue and colon cancer 
cells.26,41 And Peng et al clarified that the FXR interacted 
with a novel non-traditional negative FXREs in the MMP7 5ʹ 
promoter and then inhibited MMP7 transcription.26 In our 
study, FXR activation significantly inhibited MMP7 mRNA 
levels in ESCC cells. We noted that FXR activation also 
suppressed other proto-oncogene, inflammatory gene expres-
sion and promoted some apoptosis-related gene expression in 
ESCC cells. These results indicate FXR activation may reg-
ulate these functional genes to suppress ESCC development.

In summary, the current study defined that FXR activa-
tion plays an antitumor role in ESCC development. 
Briefly, FXR activation inhibited ESCC cell growth, 
induced apoptosis and cell cycle arrest, and suppressed 
ERK1/2 pathway. In addition, FXR ligand GW4064 inhib-
ited the ESCC development in the mouse xenograft model. 
These results indicate that FXR agonist ligands have the 
potential to be possible anti-ESCC therapeutic drugs.
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