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Abstract: In spite of improvements in surgical technology, the resectability and curability
of intrahepatic cholangiocarcinoma (ICC) are still low. Our previous study showed that the
strong Sal-like protein 4 (Sall4)-positive cases had shorter overall survival compared to Sall4-
negative cases, indicating an oncogenic role of Sall4 in ICC. In this study, we aimed to explore
the precise mechanism of Sall4 on ICC cell invasion and metastasis. We evaluated the expres-
sion of Sall4, PTEN, and Bmi-1 in 28 cases of adjacent tissues and 175 cases of ICC tissues
by using immunohistochemical staining. We found that the expression of Sall4 and Bmi-1
was significantly increased in ICC tissues compared with the adjacent tissues, while PTEN
expression was reduced in ICC tissues compared with the adjacent tissues, and there was a
reverse relationship between Sall4 and PTEN in ICC, whereas there was a positive correla-
tion in Sall4 and Bmi-1 expression in ICC. In addition, overall survival analysis showed that
ICC patients with low PTEN exhibited a worse prognosis than ICC patients with high PTEN,
and lower Bmi-1 expression showed a better prognosis than ICC patients with high Bmi-1.
By a battery of experiments in vitro, we demonstrated that Sall4 promotes ICC cell proliferation,
and progression of ICC might be through PTEN/PI3K/Akt and Bmi-1/Wnt/B-catenin signaling
and enhancing epithelial-mesenchymal transition process. Thus, Sall4 may be a potential target
for the treatment of ICC metastasis.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) has a poor prognosis and a high incidence
in the biliary tree.! In spite of the improvement in surgical technology, the resect-
ability and curability of ICC are still low,> and due to the high invasiveness of ICC,
survival time after resection is short.? Thus, it is important to develop new and specific
biomarkers to aid in the diagnosis of early-stage ICC, and subsequently help guide
the stratification of patients.

Sal-like protein 4 (Sall4) is a stem cell marker, and plays a role in maintaining self-
renewal.* Upregulation of Sall4 is found in hepatocellular carcinoma, breast cancer,
and endometrial cancer, predicting a poor prognosis.””’ Our previous study showed
that Sall4-positive ICC cases had significantly more frequent lymph nodal metastasis,
vascular invasion, and nerve invasion. Furthermore, the strong Sall4-positive cases
had shorter overall survival compared to Sall4-negative cases, indicating an oncogenic
role of Sall4 in ICC.}

Lu et al showed that Sall4, as a transcription factor, repressed phosphatase and
tensin homolog (PTEN) expression by binding to the promoter regions of PTEN,
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a tumor-suppressor gene that was associated with myeloid
leukemia and cystic kidneys.” Overexpression of Bmi-1, a
oncogenic gene, was positively correlated with Sall4 in acute
myeloid leukemia.' And transcription from the Bmi-1 pro-
moter was strikingly activated by Sall4 in a dose-dependent
manner. Reducing Sall4 expression by siRNA also resulted
in significant downregulation of Bmi-1, while constitutively
overexpressing human Sall4 upregulated Bmi-1 expression in
transgenic mice.!! Thus, Sall4 is able to simultaneously bind
to the promoter of PTEN and Bmi-1 in hematological tumor
cells. However, the precise mechanism of Sall4 on ICC cell
invasion and metastasis remains unknown.

In this study, we evaluated the expression of Sall4, PTEN,
and Bmi-1 in ICC tissues by using immunohistochemical
(IHC) staining and analyzed their correlation, and the rela-
tionship between Sall4, PTEN, and Bmi-1 expression and
overall survival of patients in ICC.

Materials and methods

Tissues

This study was approved by the Institutional Review Board
of the Third Xiangya Hospital, Central South University,
Changsha, People’s Republic of China. All subjects or their
caregivers gave written informed consent. All of the total 175
ICC tissue sections and 28 adjacent tissues of cancer were the
same as we used in the previous study.® The clinicopathologic
characteristics of the ICC samples, including tumor size,
location, histological grade, clinical stage, hepatitis B virus
infection, lymph node metastasis, vascular invasion, and
nerve invasion were described as our previous study.® All
these samples were formalin fixed and paraffin embedded.

IHC staining assay

The expression of Sall4, PTEN, and Bmi-1 was evaluated
by using IHC staining. The IHC staining was performed as
we previously described. Briefly, the sections were deparaf-
finized and hydrated, and then were subjected to heat-induced
antigen retrieval with citrate buffer. Then the sections were
incubated with primary antibodies (anti-Sall4, 1:100; anti-
PTEN, 1:200; anti-Bmi-1, 1:200, Sigma-Aldrich, St Louis,
MO, USA) overnight at 4°C. After that, the sections were
incubated with secondary antibody for 60 minutes at 37°C.
The signaling was visualized by using substrate diaminoben-
zidine and counterstained with hematoxylin.

For evaluating the expression of Sall4, PTEN, and Bmi-1
in ICC tissues, extent and intensity were assessed at each spot.
All tissue sections were analyzed and scored independently
by three experienced pathologists (FH, GD, WN). PTEN
and Bmi-1 staining intensity was scored as 0 (negative, —),

1 (positive, weak, +), 2 (positive, moderate, ++), and 3 (positive,
strong, +++). The extent of staining was scored as 0—1.0
(0%—-100%). The final staining score (0-3) was calculated
as the multiplication of the intensity and extent scores. The
expression of PTEN and Bmi-1 was scored as high expression
(=1) or low expression (<1). To compare the expression of
Sall4, PTEN, and Bmi-1 between normal and tumor tissues,
the score of Sall4, PTEN, and Bmi-1 expression was normal-
ized to their average score in normal tissues.

Cell culture

The human ICC cell line ICC-9810, was purchased from the
Institute of Cell Biology at the Chinese Academy of Sciences
(Shanghai, People’s Republic of China). ICC-9810 cells were
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM),
to which was added 10% fetal bovine serum (Thermo Fisher
Scientific, Waltham, MA, USA), at 37°C in a humidified
incubator containing 5% CO,.

Transfection

In order to knock down Sall4 or PTEN, or to overexpress
Bmi-1, we transfected the siRNA or expressed vector into
ICC-9810 cells by using lipofectamine 2000 (Thermo Fisher
Scientific) according to the manufacturer’s instruction.
Sall4 siRNA, PTEN siRNA, and nonspecific siRNA were
purchased from Santa Cruz Biotechnology Inc. (Dallas, TX,
USA); Bmi-1 expressed vector was purchased from Qiagen
NV (Venlo, the Netherlands). The transfected cells were
used for further analysis.

Real-time quantitative polymerase chain

reaction analysis

Trizol reagent (Invitrogen, Waltham, MA, USA) was used
to extract total ribonucleic acid from the indicated cells
according to the manufacturer’s instructions. One-step real-
time (RT)-PCR master mixes (Thermo Fisher Scientific)
was used for real-time PCR to detect the mRNA levels of
PTEN, PI3K, AKT, Bmi-1, Wnt3a, B-catenin, and GSK3.
The primers were used as the following: PTEN, sense,
GGACCTCTTGTGAGTCCACG, antisense, TGGTTAC
CGGAGCCCATAGA,; PI3K, sense, CAAACCGGAAAAC
CATGCCA, antisense, TGACACAGCGGATTGAACGA;
AKT, sense, GGCAAACCAGGCAGTTCAAG, antisense,
CAGGAATCTTGAGCAGGGGG; Bmi-1, sense, AGACAA
GATGCAGCGACTGT, antisense, CATGTGTGGCG
GATCCTGAA; Wnt3a, sense, CAAGATGGCGTGCA
CAAACA, antisense, AGGAGTTCTTGCTCCACACG;
B-catenin, sense, GCTCCACACCGTGACCATAA,
antisense, TTTCATCTGAGGGTGCGCTT; GSK3p, sense,
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GACTAAGGTCTTCCGACCCC, antisense, TTAGCATCT
GACGCTGCTGT; B-actin, sense, AGGGGCCGGACTCGT
CATACT, antisense, GGCGGCACCACCATGTACCCT.
The target genes expression was normalized by [B-actin.
All the quantitative polymerase chain reaction data were
processed using 2724°T method.

Western blot

Radioimmunoprecipitation assay lysis buffer was used to
extract protein from indicated cells. Bradford protein assay
kit (Beyotime, Shanghai, People’s Republic of China) was
used to measure the protein concentration. Total 60 ug of
protein was separated on 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis and blotted onto 0.22 um
nitrocellulose membranes. The membranes were blocked
with 5% nonfat dry milk for 2 hours and incubated with pri-
mary antibodies (anti-Sall4, anti-PTEN, anti-phosphorylated
PTEN, and anti-Bmi-1 [Sigma-Aldrich]; anti-PI3K, anti-
pPI3K, anti-AKT, anti-pAKT, anti-Wnt3a, anti-B-catenin,
anti-GSK3[, and anti-GSK3[ [Cell Signaling Technology,
Danvers, MA, USA]; anti-E-cadherin, anti-N-cadherin,
anti-fibronectin, anti-vimentin [Abcam, Cambridge, UK];
and anti-GAPDH [Proteintech, Wuhan, People’s Republic
of China]) overnight at 4°C. The membranes were washed
with tris-buffered saline containing 0.1% Tween 20, and
then incubated with appropriate horseradish peroxidase-
conjugated secondary antibody (goat anti-rabbit, 1:2,000;
goat anti-mouse, 1:5,000; Boster, Wuhan, People’s Republic
of China) for 1 hour at 37°C. Enhanced chemiluminescence
reagent was used to detect the signal on the membrane.
The data were analyzed and normalized to the expres-
sion of the internal control (glyceraldehyde 3-phosphate
dehydrogenase).

Luciferase reporter gene assays

The PTEN promoter (2,000 to 20+) or Bmi-1 promoter
(—1,800 to 30+) region was constructed into the pGL3-basic
vector (Promega Corporation, Fitchburg, WI, USA) generat-
ing pGL3-basic-PTEN or pGL3-basic-Bmi-1 performed by
GeneCopoeia (Guangzhou, People’s Republic of China). All
vector sequences were confirmed by DNA sequencing. Cells
were transfected with the pGL3-basic-PTEN or pGL3-basic-
Bmi-1 reporter plasmid together with different amounts of
Sall4 expressed vector (0.5 or 1 1g). The cells transfected with
pGL3-basic were used as negative control. After 48 hours of
transfection, the cells were collected and lysed. Ten millilitres
of the supernatants was used to detect luciferase activities by
using luciferase reporter gene assay kit (BioVision, Milpitas,
CA, USA) on a microplate luminometer.

Scratch assay

Cells in each group were collected and resuspended in
completed DMEM medium. Each well of a 6-well plate was
seeded with 2x10° cells and continually cultured to reach
100% confluence. And the cells were scratched with the
head of a 20 UL tip, and washed with serum-free medium.
These cells were cultured in 3% fetal bovine serum DMEM
medium. Then these cells from each group were photo-
graphed for analysis.

Transwell assay

The indicated cells were starved for 24 hours, and then
resuspended in serum-free medium and added to the upper
chamber that had been coated with 1 mm matrigel (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA). The
lower chamber was filled with completed DMEM medium.
After 48 hours’ culture, cells attached to the bottom were
fixed and stained with crystal violet for 30 minutes and
dried in air, and then the stained cells were photographed.
After that, the crystal violet stain on cells was dissolved by
10% acetic acid. The optical density at 570 nm of crystal
violet was detected by an enzyme immunoassay analyzer.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
6 software (Graphpad Software, Inc., La Jolla, CA, USA)
and the data are presented as the mean + standard deviation.
An unpaired two-tailed Student’s #-test or one-way analysis
of variance with Bonferroni ¢ post-test was used to analyze
the data depending on conditions. The OS estimates over
time were calculated using the Kaplan—-Meier method with
log-rank test. P<<0.05 was considered to indicate a statisti-
cally significant difference.

Results
The correlation of Sall4, PTEN, and Bmi-|
in ICC

To investigate the role of Sall4, PTEN, and Bmi-1 in ICC,
we collected 28 cases of adjacent tissues and 175 cases of
ICC tissues and all of the tissues were included in tissue
microarrays. The results of immunostaining showed that the
expression of Sall4 and Bmi-1 was significantly increased in
ICC tissues compared with the adjacent tissues, while PTEN
expression was reduced in ICC tissues compared with the
adjacent tissues (Figure 1A—C). Furthermore, we analyzed
their relationship by Pearson analysis. We found that there
was a reverse relationship between Sall4 and PTEN in ICC,
whereas there was a positive correlation in Sall4 expression
and Bmi-1 expression in ICC (Figure 1D and E).
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Figure | The expression of Sall4, PTEN, and Bmi-I in intrahepatic cholangiocarcinoma and adjacent tissues.

Notes: (A) Representative images of Sall4 expression with negative and positive staining (left), and quantification of relative expression in tumor and adjacent tissues.
Bar =100 m; magnification 100x. (B) Representative images of PTEN expression with negative and positive staining (left), and quantification of relative expression in tumor and
adjacent tissues. Scale bar =100 um; magnification 100x. (C) Representative images of Bmi-| expression with negative and positive staining (left), and quantification of relative
expression in tumor and adjacent tissues. Scale bar =100 m; magnification 100x. (D) Pearson correlation analysis for the correlation between Sall4 and PTEN in intrahepatic
cholangiocarcinoma. (E) Pearson correlation analysis for the correlation between Sall4 and Bmi-| in intrahepatic cholangiocarcinoma. Data are expressed by mean * SD.

Abbreviation: SD, standard deviation.

Association between the expression
of Sall4, PTEN, and Bmi-| proteins and

overall survival in patients with ICC

In the previous study, we have shown that high Sall4
expression predicted a poor survival in patients with ICC.
We recently further analyzed the association between PTEN

and Bmi-1 expression and clinical outcome in patients
with ICC. All 175 ICC patients were included in the sur-
vival curves. The survival rate of patients with high PTEN
expression was significantly increased compared with the
survival of patients with low PTEN expression (P=0.002,
Figure 2A), while high Bmi-1 expression predicted a poor
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Figure 2 Kaplan—Meier overall survival curves of intrahepatic cholangiocarcinoma (ICC) patients.
Notes: (A) Kaplan—Meier analysis for PTEN expression in ICC patients. (B) Kaplan—Meier analysis for Bmi-| expression in ICC patients. (C) Kaplan—Meier analysis for PTEN
and Sall4 expression in ICC patients. (D) Kaplan—Meier analysis for Bmi-| and Sall4 expression in ICC patients.

Abbreviation: ICC, intrahepatic cholangiocarcinoma.

outcome in ICC patients (P=0.01, Figure 2B). Furthermore,
we investigated the association between PTEN/Bmi-1 and
clinical outcome in Sall4 positive or negative ICC patients.
The survival rate of Sall4 negative ICC patients with high
PTEN expression was significantly increased compared
to the survival of Sall4 positive patients with low PTEN
expression (P<<0.001, Figure 2C). On the other hand, high
Bmi-1 expression predicted a poor outcome in Sall4-positive
ICC patients (P<<0.001, Figure 2D). These results indicate
a close relationship between Sall4 and PTEN, and Bmi-1 in
prognostic prediction of ICC patients.

Sall4 regulates promoter activity of PTEN
and Bmi-1 in ICC cells

The correlation of Sall4, PTEN, and Bmi-1 prompted us to
investigate whether Sall4 could regulate the expression of
PTEN and Bmi-1. We knocked down Sall4 expression by
transfecting Sall4 siRNA in ICC-9810 cells. Western blot
analysis showed that knockdown of Sall4 increased PTEN
expression and induced inactivation of PI3K/AKT signaling. In
contrast, downregulation of Sall4 resulted in decrease of Bmi-1
expression and inactivated Wnt3a/B-catenin signaling, and

also induced phosphorylation of GSK3[ (Figure 3A and B).
In addition, we found that knockdown of Sall4 also increased
the mRNA levels of PTEN, but reduced the mRNA levels of
Bmi-1 (Figure 3C). Furthermore, to investigate whether Sall4
controlled the expression of PTEN and Bmi-1 via regulating
the promoter activity, we constructed the luciferase reporter
gene containing PTEN promoter or Bmi-1 promoter, and then
co-transfected them with Sall4 expressed vector. We found
that the promoter activity of PTEN was significantly decreased
by Sall4 in a dose-dependent manner, and the promoter activity
of Bmi-1 was dramatically induced by Sall4 with increasing
dose (Figure 3D and E). These results indicated that Sall4
regulates the expression of PTEN and Bmi-1 by activating or
inactivating their promoter activity, and subsequently regulates
PI3K/AKT and Wnt3a/B-catenin signaling.

Knockdown of PTEN or overexpression
of Bmi-| reverses Sall4-mediated effects
on cell migration and invasion in ICC-
9810 cells

We have demonstrated that siRNA-induced Sall4 down-
regulation showed an inhibitory effect on ICC metastasis.
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Figure 3 Knockdown of Sall4 regulates PTEN/PI3K/AKT and Bmi-1/Wnt3a/B-catenin signaling.

Notes: (A) Western blot analysis for Sall4, PTEN/PI3K/AKT, Bmi- |/Wnt3a/fB-catenin and GSK3[ expression after Sall4 knockdown in ICC-9810 cells. (B) Quantification of
the bands of Western blot in (A). (C) Quantitative polymerase chain reaction analysis for PTEN, PI3K, AKT, Bmi-1, Wnt3a, B-catenin, and GSK3 mRNA levels after Sall4
knockdown in ICC-9810 cells. (D) Luciferase reporter gene assay using the reporter vector containing the promoter of PTEN gene. ICC-9810 cells were co-transfected
with pGL3-basic-PTEN together with different amounts of a Sall4 expression vector. Sall4 reduces luciferase expression in a concentration-dependent manner in ICC-9810
cells. (E) ICC-9810 cells were co-transfected with pGL3-basic-Bmi-| together with different amounts of a Sall4 expression vector. Sall4 induces luciferase expression in a
concentration-dependent manner in ICC-9810 cells. Data are mean = SD from three independent experiments. **P<<0.01, ***P<0.001.

Abbreviations: mRNA, messenger RNA; NC, negative control; NS, not significant; SD, standard deviation.

Recently, we further investigated the underlying mechanism
of Sall4 on ICC metastasis. As shown in Figure 4A and B,
the cell migration and invasion were all suppressed in ICC-
9810 cells transfected with Sall4 siRNA, when compared
with the negative control. However, knockdown of PTEN or
overexpression of Bmi-1 reversed the effects of Sall4 siRNA
transfection in ICC-9810 cells. These findings suggest that
siRNA-induced Sall4 downregulation can inhibit malignant
phenotypes of ICC cells via PTEN and Bmi-1 signaling.
We further determined the expression of some key genes
involved in epithelial-mesenchymal transition (EMT). As
shown in Figure 4C, the expression of E-cadherin was notably

upregulated, but the levels of N-cadherin, fibronectin, and
vimentin were significantly reduced after knockdown of Sall4
in ICC-9810 cells. However, the effects of Sall4 knockdown
were rescued by PTEN siRNA or Bmi-1-expressed vector
transfection. These findings suggest that the inhibitory effects
of Sall4 downregulation on ICC metastasis are involved in
EMT through PTEN and Bmi-1.

Discussion

ICC, a fatal primary liver cancer, arises from the peripheral
intrahepatic bile duct epithelium.'? Although ICC incidences
only account for 5%—10% of all primary liver cancers in the
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Notes: (A) Wound healing assay was conducted to determine the cell migratory capacity of ICC-9810 cells co-transfected with Sall4 siRNA and PTEN siRNA or Bmi-| expressed
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and N-cadherin expression after indicated treatment in ICC-9810 cells. Data are mean * SD from three independent experiments. *P<<0.05, **P<<0.01, ***P<<0.001.
Abbreviations: ICC, intrahepatic cholangiocarcinoma; mRNA, messenger RNA; NC, negative control; OD, optical density; SD, standard deviation; siRNA, small interfering

RNA.

Western and Asian countries, it has been increasing steadily
and substantially over the past decades and has a poor prog-
nosis and high mortality rate because of lack of appropriate
markers for early detection.”® Thus, to achieve earlier and
more accurate diagnosis for better therapeutic outcome,
knowledge of the mechanisms that trigger the tumorigenesis
of ICC is essential.

The oncofetal protein Sall4 has been shown to play an
important role in hepatocarcinogenesis and acts as a highly
sensitive and specific marker for primary and metastatic

gonadal and extragonadal yolk sac tumor.'*" In our previous
study, we found that Sall4 had a higher expression in ICC
cases than in adjacent cancer tissues, which is associated
with a worse prognosis; and Sall4 expression in ICC was
significantly correlated with vascular and nerve invasion, and
lymph node metastasis.® These findings indicate that Sall4 is
an indicator of aggressiveness and poor prognosis in ICC.
We analyzed the correlation between PTEN and Sall4 in
ICC tissues by immunohistochemistry and found that PTEN
expression was lower in ICC cases than in adjacent cancer
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tissues. Moreover, PTEN expression was negatively corre-
lated with Sall4 expression. Importantly, ICC patients with
low PTEN exhibited a worse prognosis than ICC patients
with high PTEN. PTEN is a tumor suppressor that acts by
inactivating PI3K/AKT signaling pathways. Loss of func-
tional PTEN was found in many solid tumors, which led to
increased activity of AKT and promoted both cell survival
and proliferation through phosphorylation and inactivation
of multiple downstream mediators.!® PI3K and AKT have a
central role in the regulation of diverse biological functions,
including cell metabolism, protein synthesis, cell survival,
and inhibition of apoptosis.!” The upregulation of phospho-
rylated PI3K and AKT has been involved in tumorigenesis
and metastasis in many different types of tumors.'® We
previously observed that Sall4 siRNA transfection inhib-
ited cell proliferation in ICC cancer cells.® Here, we found
that knockdown of Sall4 increased PTEN expression, and
subsequently resulted in inactivation of PI3K and AKT.
Moreover, Sall4 reduced the activity of PTEN promoter in
a dose-dependent manner. Thus, combined with our recent
results, it is reasonable that knockdown of Sall4 inhibits ICC
tumor growth via upregulation of PTEN and inactivation of
PI3K/AKT signaling.

In contrast to PTEN, we found that Bmi-1 expression was
higher in ICC cases than in adjacent cancer tissues, which was
positively correlated with Sall4 expression, which was also
found in placental tissue and umbilical cord blood. Patients
with lower Bmi-1 expression showed a better prognosis than
ICC patients with high Bmi-1 expression. Bmi-1 gene was
initially isolated as an oncogene in a retroviral-induced B- and
T-cell leukemia, and it plays an essential role in leukemia
stem cells.!”?® Bmi-1 deletion can inhibit tumor stem cell
self-renewal and prevent leukemic recurrence.?! In addition,
overexpression of Bmi-1 was found in many cancers and was
used as an important marker for predicting the progression to
acute myeloid leukemia,? consistent with our recent findings
in ICC. Upregulation of Sall4 is able to increase the levels
of histone H3—K4 and H3-K79 methylation in the Bmi-1
promoter in leukemic cells.! We also found that knockdown
of Sall4 directly increased Bmi-1 expression by activating the
promoter activity of Bmi-1 in ICC cells, indicating that Bmi-1
was a direct Sall4 target gene in several types of cancers.
In addition, Bmi-1 can decrease GSK3[, the component of
Axin/GSK3B/APC complex, to prevent the degradation of
[B-catenin, leading to activation of Wnt/B-catenin signaling
in breast cancer.?** Interestingly, B-catenin is inactivated
as a substrate of AKT.> Thus, there is a crosstalk between
Bmi-1/Wnt/B-catenin and PTEN/PI3K/AKT signaling,

which are simultaneously regulated by Sall4. Sall4 promotes
ICC cell proliferation, and progression of ICC might be via
increasing Bmi-1 expression and Wnt/B-catenin signaling.

ICC is a highly malignant neoplasm, which is associated
with EMT characterized by loss of epithelial phenotype and
acquisition of a mesenchymal phenotype.? During the process
of EMT, loss of E-cadherin expression (the epithelial marker),
gain of vimentin, fibronectin, and N-cadherin (the mesenchy-
mal markers), and abnormal nuclear location of 3-catenin are
observed.?® B-catenin not only plays an important role in Wnt
signaling pathways but also contributes to E-cadherin-medi-
ated cell—cell adhesion and directly induces EMT.? It was
reported that reduced E-cadherin and increased vimentin
and N-cadherin expression were correlated with lymphatic
metastasis and poorer overall survival and disease-free sur-
vival of ICC, and B-catenin with vimentin or fibronectin was
found to show an association with lymph node metastasis in
ICC.2% In this study, we found that knockdown of Sall4 was
able to increase E-cadherin expression and reduce the expres-
sion of vimentin, fibronectin, and N-cadherin, indicating the
inhibition of EMT process. However, knockdown of PTEN
or overexpression of Bmi-1 reversed downregulation of
Sall4-mediated EMT inhibition, suggesting that Sall4 might
enhance EMT process via PTEN and Bmi-1 signaling.

In conclusion, we demonstrate that Sall4, PTEN, and
Bmi-1 expression is closely associated with tumor progres-
sion and prognosis in ICC and knockdown of Sall4 inhibits
malignant phenotypes of ICC through regulating PTEN/
PI3K/Akt and Wnt/B-catenin signaling and repressing the
EMT process. Thus, Sall4 may be a potential target for the
treatment of ICC metastasis.
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