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Long non-coding RNA ZEB1-AS1 predicts a poor prognosis
and promotes cancer progression through the miR-200a/ZEB1
signaling pathway in intrahepatic cholangiocarcinoma
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Abstract. Emerging evidence suggests that long non-coding
RNAs (IncRNAs) play pivotal roles in cancer progression,
including in intrahepatic cholangiocarcinoma (IHCC). The
overexpression of IncRNA ZEBI antisense 1 (ZEB1-ASI) has
been discovered in several types of cancer; however, the clinical
significance and functional role of ZEBI1-AS1 in IHCC have
not yet been determined. In the present study, ZEB1-AS1 was
found to be upregulated in IHCC cell lines and tissues. A high
ZEBI1-ASI1 expression was associated with clinical progression
and a poor survival of patients with IHCC, and was identified
as an independent risk factor for a poor prognosis. In addition,
ZEBI1-AS1 promoted the proliferation and metastasis of [HCC
cells both in vitro and in vivo. ZEB1-ASI was demonstrated to
increase the expression of ZEBI by sponging miR-200a and to
thereby accelerate epithelial-mesenchymal transition (EMT).
On the whole, the findings of the present study demonstrate that
ZEBI1-AS1 promotes proliferation and metastasis in IHCC, and
induces EMT through the miR-200a/ZEB] signaling pathway.
ZEBI1-AS1 may thus be a promising prognostic biomarker and
essential therapeutic target for IHCC.
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Introduction

Intrahepatic cholangiocarcinoma (IHCC) is a rare and highly
aggressive primary epithelial cancer arising from the bile
duct within the liver (1). The incidence and mortality rates
associated with IHCC have been continuously rising over the
past decade (2). Patients are often diagnosed at an advanced
incurable stage with lymph node metastasis and multicen-
tric disease already present within the liver. Curative intent
surgery is available for only 30-40% of patients with THCC (1).
Moreover, the 5-year survival rate is 30% even for patients
who have undergone surgical resection (3) and is <5-10% for
patients with unresectable IHCC (4). The roles of adjuvant
chemo-radiotherapy and targeted therapy in IHCC have not
yet been well defined and these treatments may have only
modest therapeutic effects (3,5-7). Therefore, further investi-
gation into the mechanisms of IHCC progression is critical in
order to enable the detection of novel diagnostic biomarkers
and therapeutic targets.

Long non-coding RNAs (IncRNAs) are defined as tran-
scripts greater than 200 nucleotides in length that are not
translated into proteins (8). A large number of IncRNAs have
been identified in recent years. IncRNAs have been reported
to play critical roles in diverse cellular processes, including
transcriptional regulation in cis or trans mode, the organi-
zation of nuclear domains and the regulation of proteins or
RNA molecules (9). Notably, research has suggested that
IncRNAs play pivotal roles in cancer biology (10) and can act
as oncogenes or tumor suppressors. Certain IncRNAs, such
as MALATI1 (11), PANDA (12), H19 (13) and MEG3 (14),
have been shown to be crucial regulators in a wide range of
cancer types. The IncRNA ZEBI antisense 1 (ZEB1-AS1),
an antisense transcript derived from the promoter region of
ZEBI, was discovered to be upregulated in hepatocellular
carcinoma by Li et al in 2015 (15). Since then, ZEBI1-AS1
has been demonstrated to be overexpressed in glioma (16),
colorectal cancer (17), gastric cancer (18), prostate cancer (19)
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and cervical cancer (20). ZEB1-AS1 mainly functions as an
oncogene and promotes cancer progression (21). ZEB1-AS1
upregulation has been shown to be associated with a poor
prognosis in multiple types of cancer (22). However, to the best
of our knowledge, the role of ZEB1-AS1 in IHCC has not yet
been revealed.

Epithelial-mesenchymal transition (EMT) is a pivotal
cellular process of epithelial cells acquiring mesenchymal
features. EMT contributes to the malignant progression,
invasion and metastasis of cancer cells (23). The EMT
process can be influenced by various factors (24). In
total, 5 miR-200 family members (miR-200s) (miR-141,
miR-200a/200b/200¢c and miR-429) have been revealed as
essential regulators of epithelial characteristics in several
types of cells and tissues (25,26). However, the association
between miR-200s and EMT in IHCC has not yet been
determined.

The present study aimed to determine the expression and
clinical significance of ZEBI-AS1 in IHCC. Additionally, the
present study investigated the functional roles of ZEB1-AS1
in THCC proliferation and metastasis in vitro and in vivo. The
mechanisms underlying the induction of ZEB1-ASI in THCC
progression were identified. The findings presented herein
provide novel insight into the molecular mechanisms of ITHCC
progression.

Materials and methods

Tissue samples. A total of 118 IHCC tissues and 20 tumor-adja-
cent tissues were collected at Shandong Provincial Qianfoshan
Hospital, the First Hospital Affiliated with Shandong First
Medical University and Qilu Hospital of Shandong University
between May, 2008 and October, 2013. Tumor-adjacent tissues
were obtained at a distance of least 1 cm from the tumor tissues,
and pathological results confirmed that no cancer cells existed
in the tumor-adjacent tissues. RO resection was performed in
all recruited patients. None of the patients had received any
type of anticancer therapy, such as chemotherapy, radiotherapy,
interventional therapy or targeted therapy. Patients diagnosed
with 2 or more malignancies or who succumbed to the disease
within 1 month after surgery were excluded. The final diag-
nosis of the patients was confirmed by pathological results
obtained by 2 pathologists independently. The 8th edition of
the tumor-node-metastasis (TNM) classification system of the
International Union Against Cancer was utilized for clinical
staging (27).

Follow-up was performed by physical examination,
biochemical tests and ultrasonography at an outpatient clinic.
The determination of cancer progression was achieved by
computed tomography or magnetic resonance imaging. The
overall survival (OS) period was defined as the time interval
between the date of surgery and either the end of follow-up or
the date of death. Progression-free survival (PFS) was defined
as the period between the date of surgery and cancer progres-
sion. The research protocol conformed to the principles
outlined in the Declaration of Helsinki. Each patient provided
written and signed informed consent and the protocol of the
study was approved by the Ethics Committee of Shandong
Provincial Qianfoshan Hospital, the First Hospital Affiliated
with Shandong First Medical University.
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Cells, cell culture and treatment. Human IHCC cell lines
(HuH28, HuCCT1, RBE, CCLP-1 and HCCC-9810) and
a normal human intrahepatic bile duct epithelial cell
line (HIBEC) were purchased from the Cell Bank of
Chinese Academy of Sciences, Shanghai Branch. The 293
Phoenix-Ampho packaging cell line was purchased from
the American Type Culture Collection (ATCC). Cells were
cultured in RPMI-1640 medium (Invitrogen; Thermo Fisher
Scientific, Inc.) (RBE and HCCC-9810) or Dulbecco's modi-
fied Eagle's medium (DMEM, Invitrogen; Thermo Fisher
Scientific, Inc.) (HuH28, HuCCT1, CCLP-1, HIBEC and 293
Phoenix-Ampho packaging cells) supplemented with 10%
fetal bovine serum (FBS) (Gibco, Thermo Fisher Scientific,
Inc.). The cells were cultured in 5% CO, and 90% humidity
at 37°C.

Cell transfection. The full-length cDNA of ZEB1-AS1 and two
short hairpin RNAs (shRNAs) against human ZEB1-AS1 were
synthesized by GenePharma Co. Ltd. pBabe.puro retroviral
vectors containing ZEBI-AS1 cDNA or shRNA against human
ZEBI1-AS1 were constructed as previously described (28). The
shRNA sequences were as follows: shZEB1-AS1-1, 5-AAG
UUCAAUCUCAUUGAAGUC-3' (antisense), 5'-CUUCAA
UGAGAUUGAACUUCA-3' (sense); shZEBI1-AS1-2, 5'-AAC
UUCUAGCCUCUCUUUCAA-3' (antisense), 5'-GAAAGA
GAGGCUAGAAGUUCC-3' (sense). The RBE cells in which
ZEBI1-AS1 was stably overexpressed and the HuCCT1 cells
in which ZEBI-ASI1 was stably knocked down were gener-
ated using retroviral vectors. Retrovirus was produced by
transiently transfecting the 293 Phoenix-Ampho packaging
cells using Lipofectamine® 2000 (Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Briefly, the
virus-containing the supernatant was pooled, filtered and
added to RBE or HuCCT1 cells; infected cells were then
treated with puromycin (2 ug/ml) for 2 days and surviving
cells were maintained in complete medium with puromycin
(0.5 ug/ml).

miR-200a mimics, miR-200a inhibitors and negative
controls (mimics NC and inhibitor NC) were purchased
from GenePharma Co. Ltd. When cell confluence reached
50%, oligonucleotide transfection was performed using
Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. Cells were subjected
to subsequent experimentation at 48 h following transfection.

Western blot analysis. Total protein was extracted from the
cells using radioimmunoprecipitation assay lysis buffer
(Sigma-Aldrich, Merck KGaA) containing protease inhibitors
(Roche Diagnostics). An equal amount of total protein (20 pg)
was loaded per lane and samples were separated by 10%
SDS-PAGE and then transferred to a polyvinylidene difluoride
membrane (Roche Diagnostics). After being blocked with 5%
skimmed milk for 1 h at room temperature, the membranes
were probed with primary antibodies against ZEBI1 (1:3,000,
cat. no. ab180905, Abcam), E-cadherin (1:1,000, cat. no. 24E10,
Cell Signaling Technology, Inc.), vimentin (1:1,000, cat.
no. 3932, Cell Signaling Technology, Inc.), fibronectin (1:1,000,
cat. no. ab2413, Abcam), a-catenin (1:1,000, cat. no. 2131,
Cell Signaling Technology, Inc.), N-cadherin (1:1,000, cat.
no. 13116, Cell Signaling Technology, Inc.) or f-actin (1:2,000,
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Table I. Association between the expression level of ZEB1-AS1 and clinicopathological features of patients with IHCC.

ZEB1-AS1 expression

Parameters No. of patients (n=118) High (n=64) Low (n=54) P-value

Age 0.611
<55 years 56 29 27
=55 years 62 35 27

Sex 0.112
Male 64 39 25
Female 54 25 29

CA19-9 0479
<37 U/ml 57 29 28
>37 U/ml 61 35 26

No. of tumors 0.239
Single 95 49 46
Multiple 23 15 8

Microvascular invasion 0.020
No 65 29 36
Yes 53 35 18

Encapsulation 0.612
Absent 43 22 21
Present 75 42 33

Differentiation grade 0.135
Well 46 21 25
Moderate/poor 72 43 29

Tumor size 0.201
<5cm 58 28 30
=5cm 60 36 24

Lymphatic metastasis 0.036
Yes 33 23 10
No 85 41 44

TNM stage 0.037
v 62 28 34
v 56 36 20

ZEB1-AS1, IncRNA ZEB1 antisense 1; IHCC, intrahepatic cholangiocarcinoma.

cat. no. 8457, Cell Signaling Technology, Inc.) overnight at 4°C.
Subsequently, the membranes were incubated with anti-mouse
(1:3,000, cat. no. 7076, Cell Signaling Technology, Inc.) or
anti-rabbit (1:3,000, cat. no. 7074, Cell Signaling Technology,
Inc.) horseradish peroxidase-conjugated secondary antibodies
at 37°C for 1 h. Finally, the immunoreactive bands were visu-
alized using the ECL Western blot substrate (Promega Corpo.)
and a FluorChem E system (Protein Simple).

Reverse transcription-quantitative PCR (RT-gPCR). TR1zol
reagent (Thermo Fisher Scientific, Inc.) was used to extract
total RNA from the cells and tissues according to the manu-
facturer's protocol. RNA purity was evaluated based on the
A260/A280 ratio. RNA was reverse transcribed into cDNA
using a TagMan® MicroRNA reverse transcription kit (Thermo

Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions. The relative expression levels of the target genes were
determined by qPCR using SYBR Premix Ex Taq (Takara
Biotechnology Co., Ltd.). The thermocycling conditions were
as follows: Initial denaturation at 95°C for 30 sec; 40 cycles
of 5 sec at 95°C; 1 min at 60°C and 72°C for 15 sec; with a
final extension cycle at 72°C for 5 min. The relative levels
were calculated using the 2244 method (29). The endogenous
control gene was glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). The primer sequences used are listed in Table SI.

Immunohistochemistry (IHC). THC was conducted as
described in a previous study (27). Briefly, the sections
were fixed with 10% formalin for 24 h at room temperature.
The paraffin-embedded sections (5 ym in thickness) were
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Table II. Univariate analysis of the risk factors for poor overall survival and progression-free survival of patients with IHCC.

Overall survival

Progression-free survival

Parameters HR (95% CI) P-value HR (95% CI) P-value
Age, =55 vs. <55 years 1.000 (0.664-1.506) 0.999 0.989 (0.660-1.482) 0.956
Sex, female vs. male 0.928 (0.614-1.402) 0.722 0.948 (0.630-1.425) 0.797
CA19-9,=37 U/ml vs. <37 U/ml 1.069 (0.709-1.612) 0.749 1.090 (0.726-1.637) 0.676
No. of tumors, multiple vs. single 2.091 (1.267-3.451) 0.004 1.945 (1.181-3.203) 0.009
Microvascular invasion, yes vs. no 2.015 (1.327-3.060) 0.001 1.998 (1.320-3.024) 0.001
Encapsulation, present vs. absent 1.194 (0.785-1.816) 0.407 1.217 (0.804-1.842) 0.353
Differentiation, poor/moderate vs. well 1.681 (1.081-2.613) 0.021 1.596 (1.035-2.462) 0.034
Tumor size, =5 vs. <5 cm 1.384 (0.918-2.087) 0.121 1.439 (0.958-2.163) 0.079
Lymphatic metastasis, yes vs. no 3.130 (2.006-4.886) <0.001 3.297 (2.114-5.142) <0.001
TNM stage, HI/IV vs. V11 2.662 (1.749-4.053) <0.001 2.616 (1.725-3.969) <0.001
ZEB1-AS1 expression, high vs. low 1211 (1.114-1.316) <0.001 1.185 (1.093-1.285) <0.001

ZEB1-AS1, IncRNA ZEB1 antisense 1; [HCC, intrahepatic cholangiocarcinoma.

incubated with primary antibodies against ZEBI (1:150, cat.
no. ab180905, Abcam) or E-cadherin (1:400, cat. no. 24E10,
Cell Signaling Technology, Inc.) overnight at 4°C. The samples
were then treated with a biotinylated secondary antibody (cat.
no. SAP-9100, ZSGB-BIO) for 40 min at 37°C according to
the manufacturer's protocol. The reactions were developed
using a SignalStain® DAB substrate kit (cat. no. 8059, Cell
Signaling Technology, Inc.). Immunostained sections were
lightly counterstained with hematoxylin for 2 min at room
temperature, dehydrated in ethanol and cleared in xylene.
The scoring of immunostaining was conducted based on the
staining intensity and the percentage of positively stained
area. The percentage of positively stained area was scored
as follows: 0, no THC signal at all; 1, <10% of cells stained;
2, 10-50% of cells stained; and 3, >50% of cells stained.
[HC intensity was scored as follows: 0, no IHC signal; 1,
weak THC signal; 2, moderate IHC signal; and 3, strong
[HC signal. Five randomly selected high-power fields (x400
magnification) were photographed for each ITHC slide using a
light microscope (Olympus Corp.). The overall quantification
of the ITHC score was obtained by multiplying the average
intensity and percentage scores of 5 different high-power
fields with the maximum possible score being 9.

Cell proliferation assays. The cell proliferative ability was
evaluated using the Cell Counting kit (CCK-8) assay and the
colony formation assay. For the CCK-8 assay, cells (3,000 per
well) were seeded in 96-well plates and incubated at different
time points (0, 24,48, 72 and 96 h)., CCK-8 reagent (10 ul) was
added to each well. Subsequently, the cells were incubated for
an additional 4 h at 37°C. The absorbance was determined at
450 nm using a microplate spectrophotometer (Thermo Fisher
Scientific, Inc.).

For the colony formation assay, the cells were seeded in
6-well plates (1,000 cells per well) and incubated at 37°C
for 7 days. Neutral formalin (10%) was then used to fix the
cells and crystal violet (cat. no. C8470, Solarbio) was used for

staining (for 30 min) at room temperature. Finally, the cells
were photographed under a microscope (Olympus Corp.).

Wound healing assay. Cells were seeded in 6-well plates and
cultured until reaching 80% confluence. To create the wound,
the layer of cells was scratched with a sterile 20 ul pipette
tip. The cells were then incubated in fresh medium containing
0.5% FBS for 48 h. The scratch was imaged at 0 and 48 h
under a fluorescence microscope (Olympus Corp.).

Cell migration and invasion assays. For the Transwell migra-
tion assay, cells (1x10°) in 200 ul of serum-free medium were
seeded in the top compartment of a Boyden chamber (8-ym
pore size; Corning Inc.). The lower compartment was filled
with 700 ul of medium supplemented with 10% FBS (Gibco;
Thermo Fisher Scientific, Inc.) as a chemoattractant. Following
24 h of incubation at 37°C, cells remaining on the upper side of
the membrane were removed with a cotton swab, and the cells
that had migrated to the lower side of the membrane were fixed
with 70% ethanol for 20 min and stained with 0.1% crystal
violet for 20 min at room temperature. The cells were then
counted and imaged using a light microscope (Olympus Corp.).
The protocol of the invasion assay was similar to that of the
migration assay except that in the invasion assay, the Boyden
chamber was precoated with Matrigel (BD Biosciences) before
seeding the cells.

Luciferase reporter assay. Potential ZEB1-AS1-miRNA
interactions were predicted with starBase2.0 software. The
QuikChange Site-directed Mutagenesis kit (Stratagene,
Agilent Technologies, Inc.) was used to generate mutations
in potential miR-200a-binding sites. The potential binding
sequence of miR-200a in the ZEBI-AS1 gene and the mutant
sequence were amplified by PCR and cloned into the pmirGLO
dual-luciferase vector (Promega Corp.); the constructs were
named ZEB1-ASI-WT and ZEB1-AS1-Mut, respectively. For
co-transfection, 293 cells at a confluence of 60-80% were



2| SPANDIDOS
Z‘ PUBLICATIONS

INTERNATIONAL JOURNAL OF ONCOLOGY 56: 1455-1467, 2020

1459

Table III. Multivariate analysis of the independent risk factors for poor overall survival and progression-free survivalof patients

with THCC.
Overall survival Progression-free survival

Parameters HR (95% CI) P-value HR (95% CI) P-value
No. of tumors, multiple vs. single 1.837 (1.090-3.095) 0.022 1.556 (0.927-2.613) 0.094
Microvascular invasion, yes vs. no 1.095 (0.678-1.769) 0.710 1.119 (0.694-1.806) 0.644
Differentiation, poor/moderate vs. well 0.977 (0.611-1.626) 0.991 0.988 (0.614-1.588) 0.959
Lymphatic metastasis, yes vs. no 1.547 (0.863-2.771) 0.143 1.715 (0.980-3.127) 0.058
TNM stage, IHI/IV vs. /11 1.877 (1.099-3.205) 0.021 1.777 (1.049-3.010) 0.032
ZEB1-AS1 expression, high vs. low 1.157 (1.059-1.265) 0.001 1.131 (1.038-1.232) 0.005
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Figure 1. ZEB1-AS1 is upregulated in IHCC and a high ZEB1-ASI expression predicts a poor prognosis of patients with IHCC. (A) Relative expression
of ZEB1-ASI was detected in HIBECs and 5 IHCC cell lines by RT-qPCR. (B) Relative expression of ZEB1-AS1 was measured in tumor-adjacent tissues
(n=20) and tumor tissues (n=118) by RT-qPCR. (C) OS of patients with IHCC with a low and high ZEB1-ASI expression. (D) PFS of patients with IHCC with
a low and high ZEB1-AS1 expression. ‘P<0.05. ZEB1-AS1, IncRNA ZEBI antisense 1; IHCC, intrahepatic cholangiocarcinoma; OS, overall survival; PFS,

progression-free survival.

transfected with ZEB1-AS1-WT, ZEB1-AS1-Mut (50 ng)
and miR-200a mimics (150 ng) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific). Luciferase assays
were conducted at 48 h following transfection using the Dual
Luciferase Reporter Assay System (Promega Corp.) and
Renilla luciferase activity was normalized to Firefly luciferase
activity.

In vivo assay. Male nude mice (BALB/c nu/nu; aged
5-6 weeks; weight, 18-22 g; 6 per group) were purchased
from Shanghai Experimental Animal Center (Shanghai,

China) and housed under a 12-h light/12-h dark cycle and
sterile conditions (temperature, 26-28°C; humidity, 40-60%)
with ad libitum access to water and food. For the tumor
proliferation assay, xenograft tumors were generated via the
subcutaneous injection of 3.0x10° cells into the hind limbs of
the nude mice. Tumor growth was determined with a caliper
every 7 days. After 42 days, the mice were sacrificed and
images of the tumors were captured. Tumor volume (V)
was calculated as follows: V=largest diameter x (smallest
diameter)? x0.5. For the tumor metastasis assay, suspensions
of the cells (3.0x10°) in phosphate-buffered saline were
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Figure 2. ZEB1-AS1 promotes the proliferation of IHCC cells. (A) Relative expression levels of ZEB1-AS1 in HuCCT]1 cells with ZEB1-ASI knockdown and
RBE cells with ZEB1-ASI overexpression. (B) Colonies of HuCCT1 cells with ZEB1-AS1 knockdown and control cells in the colony formation assay. (C) OD
value of HuCCT]1 cells with ZEB1-AS1 knockdown and control cells in the CCK-8 assay. (D) Colonies of RBE cells with ZEB1-AS1 overexpression and control
cells in the colony formation assay. (E) OD value of RBE cells with ZEB1-ASI overexpression and control cells in the CCK-8 assay. "‘P<0.05. ZEB1-ASI,
IncRNA ZEBI antisense 1; IHCC, intrahepatic cholangiocarcinoma; OD, optical density.

injected into the tail veins of host mice. After 6 weeks, the
animals were sacrificed, the lungs and livers were dissected
out, and metastasis was evaluated. The animal experiment
was approved by the Ethics Committee of Shandong
Provincial Qianfoshan Hospital.

Statistical analysis. Summarized data are presented as the
means + standard error of the mean (SEM). Differences
between groups were evaluated using the ¥ test, Student's t-test,
or one-way analysis of variance with the Least-Significant
Difference correction. Linear regressions were evaluated using
Spearman rank correlation analysis. Survival curves were
generated using the Kaplan-Meier method and differences
between these curves were evaluated with the log-rank test.
Univariate and multivariate Cox proportional hazard regres-
sion models were conducted to identify independent prognostic
factors. In all cases, P<0.05 was considered to indicate a
statistically significant difference. All statistical analyses were

performed using GraphPad Prism 5.02 (GraphPad Software,
Inc.) or SPSS 16.0 software (SPSS, Inc.).

Results

Upregulation of ZEBI-ASI is associated with cancer progres-
sion and predicts a poor prognosis of patients with IHCC. The
expression of ZEB1-AS1 was measured in the HIBECs and in
5 THCC cell lines by RT-qPCR. The level of ZEB1-AS1 was
higher in the 5 IHCC cell lines than in the HIBECs (Fig. 1A).
Moreover, ZEBI-AS1 was overexpressed in the IHCC tissues
(n=118) relative to the tumor-adjacent tissues (n=20) (Fig. 1B).
To investigate the role of ZEB1-AS1 in IHCC, the patients from
whom the THCC samples were collected were divided into a
high ZEB1-ASI expression group (n=64) and a low ZEB1-AS1
expression group (n=54), with the mean ZEB1-ASI expression
level serving as the cut-off value. Of note, a high ZEB1-AS1
expression was identified to be associated with microvascular
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Figure 3. ZEB1-ASI accelerates the migration and invasion of IHCC cells. (A) A wound healing assay was used to detect the migratory ability of HuCCT1
cells with ZEB1-AS1 knockdown and RBE cells with ZEB1-AS1 overexpression. (B) Migratory and invasive abilities were compared between the HuCCT1
cells with ZEB1-AS1 knockdown and control cells. (C) Migratory and invasive abilities were compared between RBE cells with ZEB1-AS1 overexpression and
control cells. Scale bars, 500 um (A, B and C). “P<0.05. ZEBI1-AS1, IncRNA ZEBI antisense 1; IHCC, intrahepatic cholangiocarcinoma.

invasion (P=0.020), lymphatic metastasis (P=0.036) and
an advanced TNM stage (P=0.037) (Table I). These results
suggest that the overexpression of ZEBI1-ASI indicates the
clinical progression of IHCC.

To further elucidate the clinical significance of ZEB1-AS1
in IHCC, the prognosis of patients in the high and low
ZEB1-ASI expression groups was compared. Patients with a
high ZEB1-AS1 expression had substantially lower OS and
PFS rates than patients with a low ZEBI1-AS1 expression
(Fig. 1C and D). Additionally, the risk factors for poor OS and
PFS were detected by univariate analysis and the identified 6
risk factors were subjected to multivariate analysis to discover
independent risk factors for poor OS and PFS (Table II). A

high ZEB1-ASI expression was revealed to be an independent
risk factor for poor OS (HR, 1.157; 95% CI, 1.059-1.265;
P=0.001) and PFS (HR, 1.131; 95% CI, 1.038-1.232; P=0.005)
(Table III). These results indicate that high ZEB1-AS1 expres-
sion is a potential biomarker for the prediction of a poor
prognosis in IHCC.

ZEBI-ASI accelerates the proliferation, migration and inva-
sion of IHCC cells. As shown in Fig. 1A, among the 5 THCC cell
lines examined, the HuCCT]1 line had the highest expression
level of ZEB1-AS1, and the RBE line had the lowest. To better
investigate the function of ZEB1-ASI in IHCC, the knockdown
and stable overexpression of ZEB1-AS1 was performed in the
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Figure 4. ZEB1-AS1 promotes tumor metastasis and growth in vivo. (A) Number of mice with distant metastasis. (B) Quantification of metastatic foci per
section in the liver and lung of individual mice following the injection of HuCCT1 cells with ZEBI1-AS1 knockdown or control cells. Representative images
are shown. (C) Quantification of metastatic foci per section in the liver and lung of individual mice following the injection of RBE cells with ZEBI1-ASI
overexpression or control cells. Representative images are shown. (D) Quantification of tumor volume and tumor weight of individual mice following the
injection of HuCCT]1 cells with ZEB1-ASI knockdown or control cells. Representative images are shown. (E) Quantification of tumor volume and tumor
weight of individual mice following the injection of RBE cells with ZEB1-AS1 overexpression or control cells. Representative images are shown. Scale bars,
20 ym (B and C), and 1 cm (D and E). "P<0.05. ZEBI1-AS1, IncRNA ZEBI antisense 1; IHCC, intrahepatic cholangiocarcinoma.

HuCCT1 and RBE cells, respectively. (Fig. 2A) Notably, the
HuCCT]1 cells with ZEB1-ASI deficiency exhibited a substan-
tially reduced proliferative ability in the colony formation and
CCK-8 assays (Fig. 2B and C). Consistently, the ectopic expres-
sion of ZEBI-ASI significantly increased the proliferative
ability of the RBE cells (Fig. 2D and E). In the wound healing
assay, the knockdown of ZEB1-ASI inhibited the migration

of the HuCCT1 cells and the overexpression of ZEBI-AS1
promoted the migration of RBE cells (Fig. 3A); these results
were confirmed by the Transwell assay (Fig. 3B and C, upper
panels). Additional experiments demonstrated that ZEB1-AS1
accelerated the invasion of IHCC cells (Fig. 3B and C, lower
panels) These findings demonstrate that ZEB1-AS1 promotes
the proliferation, migration and invasion of IHCC cells.
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ZEBI-AS1 promotes IHCC metastasis and growth in vivo.
To investigate the function of ZEBI-ASI1, in vivo assays were
performed. The knockdown of ZEBI1-AS1 decreased the
number of mice with distant metastasis, whereas the over-
expression of ZEB1-AS1 increased this number (Fig. 4A).
Moreover, the metastatic ability of the HuCCT1 cells was
significantly inhibited when ZEB1-AS1 was knocked down
(Fig. 4B), and ectopic expression of ZEB1-ASI increased
the number of metastatic foci in liver and lungs (Fig. 4C).
Additionally, a decreased tumor size and weight were observed
when ZEB1-AS1 was knocked down (Fig. 4D), whereas the
overexpression of ZEB1-AS1 markedly increased the tumori-
genicity of THCC cells (Fig. 4E). These results suggest that
ZEBI1-AS1 promotes the metastasis and growth of THCC.

ZEBI-ASI induces EMT in IHCC. EMT is a fundamental
process of cancer metastasis (23). In the present study, to
explore the mechanisms underlying ZEB1-AS1 promotion of
metastasis in IHCC, the role of ZEB1-AS1 in EMT was inves-
tigated. The expression of E-cadherin, a marker of EMT (30),
was measured by THC in THCC tissues, and a negative
association was found between the expression of ZEB1-AS1
and E-cadherin (Fig. 5A, left panel). In addition, Spearman's
correlation analysis revealed that there was a negative correla-

tion between ZEB1-ASI1 and E-cadherin expression in IHCC
(Fig. 5A, right panel). Moreover, the HuCCT1 cells in which
ZEBI1-AS1 was silenced displayed an epithelial morphology
and formed colonies with increased intercellular contacts
(Fig. 5B, left panels). Consistently, the overexpression of
ZEBI1-AS1 in the RBE cells induced a mesenchymal pheno-
type and reduced intercellular contacts compared with that in
the control cells, which is a typical feature of cells undergoing
EMT (Fig. 5B, right panels) Furthermore, the results of western
blot analysis and RT-qPCR revealed that the expression of
ZEB1-AS1 was positively associated with mesenchymal
biomarkers (fibronectin, vimentin and N-cadherin) and nega-
tively associated with epithelial biomarkers (E-cadherin and
a-catenin) (Fig. 5C and D). Based on these observations, it was
concluded that ZEB1-AS1 induces EMT in IHCC.

ZEBI-ASI regulates EMT through the miR-200a/
ZEBI signaling pathway. To enhance our understanding
of ZEBI1-ASI1, the subcellular localization of ZEB1-AS1
was detected via assays. The analysis of the nuclear and
cytoplasmic ZEB1-AS1 RNA levels by RT-qPCR revealed
that ZEB1-AS1 was located in the nucleus and cytoplasm in
HuCCT1 and RBE cells (Fig. 6A). Competing with miRNAs
is a primary mechanism of IncRNA functions (31). It has
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previously been demonstrated that ZEB1-AS1 can sponge
multiple miRNAs (32). The subcellular location of ZEBI1-AS1
indicates that ZEB1-AS1 may function by competing with
miRNAs. Thus, in the present study, potential miRNA targets
of ZEBI1-ASI1 were predicted using the bioinformatics tool
starBase, and miR-200a was predicted to be a potential target
of ZEBI1-ASI1 (Fig. 6B). It was found that miR-200a mimics
markedly reduced the luciferase activity of ZEB1-AS1-WT,
but had no effect on ZEB1-AS1-Mut (Fig. 6C). Moreover,
miR-200a expression was increased in the HuCCT1 cells in
which ZEB1-AS1 was knocked down and decreased in the
RBE cells in which ZEB1-AS1 was overexpressed (Fig. 6D).
Additionally, the level of miR-200a negatively correlated with
ZEBI1-ASI1 in the IHCC tissues (Fig. 6E). Furthermore, a strong
positive correlation was found to exist between miR-200a and
E-cadherin expression in IHCC tissues (Fig. 6F), which indi-
cates that miR-200a may influence EMT in IHCC. As expected,
transfection with miR-200a mimics reversed the downregula-

tion of E-cadherin and the upregulation of vimentin induced
by the overexpression of ZEB1-ASI, as evidenced by the
results of western blot analysis and RT-qPCR (Fig. 7A and B).
Consistently, transfection with miR-200a inhibitor blocked the
increased expression of E-cadherin and the decreased expres-
sion of vimentin in the HuCCT1 cells in which ZEB1-AS1 was
knocked down (Fig. 7A and B). These results demonstrate that
miR-200a blocks the EMT induced by ZEBI1-ASI1.

ZEBI1, a master regulator of EMT (26), is a potential
target of miR-200a (33,34). Previous studies have reported
that ZEB1-ASI can function through ZEBI (32,35,36). Thus,
the present study evaluated the expression of ZEBI by IHC;
the results revealed indicated a negative association between
miR-200a and ZEBI1 (Fig. 7C, left panels). In addition,
Spearman's correlation analysis also revealed a negative
correlation between ZEB1 and miR-200a expression (Fig. 7C,
right panel). Transfection with miR-200a mimics reversed
the upregulated expression of ZEBI induced by ZEB1-AS1
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antisense 1; IHCC, intrahepatic cholangiocarcinoma; EMT, epithelial-mesenchymal transition.

overexpression, and transfection with miR-200a inhibitor
restored the reduced expression of ZEBI induced by ZEB1-AS1
silencing (Fig. 7A and B). Moreover, the expression of ZEB1
positively correlated with that of ZEB1-AS1, but negatively
correlated with E-cadherin expression in the IHCC tissues
(Fig. 7D and E). These findings demonstrate that ZEB1-AS1
induces EMT through the miR-200a/ZEB] signaling pathway.

Discussion

The findings of the present study demonstrated that
ZEB1-AS1 was overexpressed in IHCC and promoted THCC

proliferation and metastasis in vitro and in vivo. Moreover, a
high ZEB1-ASI expression was associated with microvascular
invasion, lymphatic metastasis and an advanced TNM stage;
all these factors are pivotal in influencing the survival of
patients with IHCC. The log-rank test revealed that patients
with a high ZEB1-AS1 expression had considerably lower OS
and PFS rates than patients with a low ZEBI1-AS1 expression.
Additionally, a high ZEB1-AS1 expression was identified as
an independent risk factor for low OS and PFS. A previous
meta-analysis aimed at discovering the prognostic value of
ZEBI1-ASI in cancer, which included 11 studies representing
891 cancer patients, indicated that a high ZEBI-ASI1
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expression was an unfavorable predictor of cancer prognosis
in terms of OS, disease-free survival and recurrence-free
survival (37). Taken together, these findings indicate that
ZEB1-ASI functions as an oncogene in cancer and may be a
promising prognostic biomarker for cancer patients including
patients with IHCC.

In cholangiocarcinoma, EMT plays a prominent role in
cancer progression and may lead to highly metastatic and
desmoplastic stroma (30). EMT biomarkers have prognostic
values in cholangiocarcinoma (30). Additionally, EMT
pathway-targeted therapy is regarded as a potential IHCC
treatment (38,39). The present study revealed that the level
of ZEB1-AS1 expression was associated with morphological
changes in IHCC cells. Moreover, the level of ZEB1-AS1 was
found to be positively associated with epithelial biomarkers
and negatively associated with mesenchymal biomarkers
at the protein and mRNA level, suggesting that ZEB1-AS1
may regulate EMT at the transcriptional level. Further
experiments were performed to confirm this hypothesis.
As presented in the current study, no statistically signifi-
cant differences were observed between the expression of
ZEBI1-AS1 and the number of tumors and tumor size in
the clinical specimens; however, ZEB-ASI accelerated cell
proliferation in colony formation and CCK-8 assays. This
may be caused by the differences between the in vitro assays
and the human body.

miR-200a is a member of the miR-200 family (40). Several
studies have demonstrated that miR-200 family members are
downregulated during tumor progression and act as key inhibi-
tors of EMT (25,26,41,42). In addition, they can target the
transcriptional factors of EMT (ZEBI and ZEB2) and thereby
modulate the expression of E-cadherin (33,34). In cholan-
giocarcinoma, miR-200b/c has been reported to mediate the
migration and invasion by directly targeting rho-kinase 2 (43).
Moreover, DLC1 has been demonstrated to be a potential target
of miR-200a and miR-429 may target FBXW7 and CDH6 in
cholangiocarcinoma (44). Additionally, miR-200a has been
shown to suppress the invasive ability of cholangiocarcinoma
cells (45). However, the mechanisms underlying the regulatory
functions of miR-200 family members functions in IHCC
require further investigation. The present study found that
ZEBI1-AS1 mediated the expression of ZEB1 by competing
with miR-200a; this finding was confirmed by luciferase
reporter assay. Moreover, a negative correlation was observed
between ZEB1-AS1 and miR-200a expression in IHCC cells
and tissues. Furthermore, miR-200a reversed the effects of
an enhanced or reduced ZEB1-AS1 expression. These results
confirm the role of miR-200a in mediating the function of
ZEBI-ASI.

In conclusion, the findings of the present study demonstrate
that the upregulation of ZEB1-AS1 promotes IHCC progres-
sion by accelerating proliferation and metastasis. Moreover,
high ZEB1-ASI1 expression indicates poor OS and PFS rates,
and serves as an independent risk factor for poor OS and
PFS. ZEB1-ASI acts as a molecular sponge for miR-200a and
regulates the expression of its target gene ZEB1. These find-
ings contribute to the better understanding of the mechanisms
underlying IHCC progression. ZEBA-ASI may be a promising
biomarker for the prediction of prognosis and a potential target
for IHCC treatment.
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