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Downregulation of ZEB2-AS1 decreased tumor growth
and metastasis in hepatocellular carcinoma
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Abstract. Hepatocellular carcinoma (HCC) remains one of
the most common types of cancer worldwide and prognosis
remains poor. Previous studies have suggested that long
non-coding RNAs (IncRNAs) may be key regulators of tumor
development and progression in HCC. It has been determined
that 61-72% of transcribed regions contain IncRNAs in the
antisense orientation (asincRNAs). However, the function of
aslncRNAs in HCC remains to be elucidated. The present
study investigated the function of the asIncRNA zinc finger
E-box binding homeobox 2 antisense RNA 1 (ZEB2-AS1) in
40 HCC tissues and 5 different human HCC cell lines using
reverse transcription-quantitative polymerase chain reaction.
Additionally, the expression levels of ZEB2-AS1 were down-
regulated by transfection of small interfering RNAs (siRNAs)
to determine whether ZEB2-ASI is capable of affecting cell
proliferation, invasion and metastasis by regulating ZEB2,
vimentin, fibronectin, E-cadherin and N-cadherin expression
levels. The results of the present study demonstrated that the
expression levels of ZEB2-AS1 were greater in HCC tissues
when compared with the adjacent normal tissues. Furthermore,
ZEB2-AS1 expression was significantly associated with
the size of the primary tumor, intrahepatic metastasis and
tumor-node-metastasis stage. The Kaplan-Meier survival
curves suggested that patients with high ZEB2-AS1 expres-
sion levels experienced the lowest overall and recurrence-free
survival rates compared with those that had low expression
levels. In addition, the current study demonstrated that the
downregulation of ZEB2-AS1 was associated with decreased
tumor growth and metastasis in HCC by the regulation of the
expression levels of epithelial mesenchymal transition-induced
markers. In conclusion, IncRNA ZEB2-AS1 may be used as a
valuable biomarker in patients with HCC.
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Introduction

Hepatocellular carcinoma (HCC) has been deemed the fifth
most common type of malignant tumor. HCC has the third
highest cancer-related mortality rate and a previous study have
estimated that 500,000-1,000,000 novel cases of HCC are
diagnosed annually (1). Invasion, metastasis and postoperative
recurrence are predominant causes of mortality in patients
with HCC and are the primary factors that affect clinical treat-
ment and prognosis. Therefore, due to aggressive metastasis
and invasion, HCC is frequently diagnosed at an advanced
stage in patients and has a high lethality (2). A previous study
demonstrated that aberrant activation of epithelial mesenchymal
transition (EMT) is important for the process of tumor cell inva-
sion and metastasis. EMT triggers multiple biochemical changes
in normal hepatic epithelial cells, which ultimately enable
them to assume a mesenchymal cell phenotype. This leads to
enhanced migratory capacity, invasiveness, elevated resistance
to apoptosis and increased production of ECM components (3).
EMT is involved in multiple molecular mechanisms and signal
transduction pathways. Their main function being the down-
regulation of the cell adhesion molecule E-cadherin and the
upregulation of the mesenchymal molecule vimentin. In addi-
tion, a number of transcriptional factors have been identified as
crucial for the induction of EMT, including Snail homologues,
basic helix-loop-helix and zinc-finger E-box-binding homeobox
(ZEB) (4). The ZEB family (consisting of ZEBI and ZEB2) has
a consistent inverse correlation with E-cadherin and vimentin in
numerous types of cancer (5).

Long non-coding RNAs (IncRNAs) are a type of RNA
molecule that are over 200 nucleotides in length and do not
have protein-coding potential (6). They have been identified
to affect multiple biological regulatory processes, including
development, differentiation and carcinogenesis (7,8). A
previous study suggested that the dysregulation of IncRNAs
may be associated with the development and metastasis of
various types of cancer (9). Antisense long non-coding RNAs
(aslncRNAs) are a type of IncRNAs that are oriented in anti-
sense direction with respect to a protein coding locus. They
are transcribed frequently in human cells and 61-72% of all
transcribed regions possess asIncRNAs (10). Additionally,
asIncRNAs have been associated with tumor recurrence,
metastasis and prognosis in various types of cancer.

A recent study by Li et al (11) identified the ZEB 1 antisense
RNA 1 (ZEBI-ASI1) gene as a non-coding oncogene involved
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in the tumorigenesis of HCC (11). It was determined that higher
expression levels of IncRNA ZEB1-AS1 were observed in HCC
tissues, compared with the adjacent normal tissues. Li et al (11)
also described the effects of the ZEB1-AS1 IncRNA on cell
proliferation, migration and invasion, and cell cycle regulation.
In addition, it was determined that ZEBI-ASI] may control
ZEBI expression levels and promote tumor growth and metas-
tasis in patients with HCC. Sequence analysis was performed
and revealed that there was also a non-coding antisense tran-
script in the promoter sequence of ZEB?2 (12). The function of
ZEB?2 antisense RNA 1 (ZEB2-AS1) remains to be elucidated.
Therefore, the present study investigated whether IncRNA
ZEB2-ASI contributes to HCC development and how it may
alter cell growth and metastasis by regulating ZEB2, vimentin,
fibronectin, E-cadherin and N-cadherin expression levels.
Additionally, the clinical characteristics of patients that may
influence the expression levels of ZEB2-AS1 and provide data
for the prognosis and targeted therapy of HCC were determined.

Materials and methods

Patient and tumor samples. HCC and adjacent normal tissues
were collected following curative surgical resection from
40 patients with HCC in the Zhongnan Hospital of Wuhan
University (Wuhan, China) between May 2010 and May 2012.
The present study was approved by the ethics committee of the
Zhongnan Hospital of Wuhan University and written informed
consent was obtained from all patients. Curative resection
was defined as the removal of all recognizable tumor tissue
with a clear microscopic margin. Patients were not treated
using any preoperative therapy, such as transcatheter arterial
chemoembolization, radiofrequency ablation or percutaneous
ethanol injection. The collected tissue samples were immedi-
ately frozen in liquid nitrogen and stored at -80°C until they
were used for RNA extraction. Tumor tissues were divided
into low-expression (n=20) and high expression (n=20) groups
based on the mean expression level of all tumor tissues (n=40).
Using the patient medical documents, a 48-month follow-up
survival survey was conducted.

Cell lines and culture. The Hep3B, HepG2, Huh-7 and
SMMC-7721 HCC cell lines were obtained from the American
Type Culture Collection (Manassas, VA, USA). The HCCLM9
cell line was obtained from the Liver Cancer Institute, Fudan
University (Shanghai, China) (13). All cells were cultured in
RPMI-1640 medium, which was supplemented with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) and 1% penicillin and streptomycin in a
humidified atmosphere of 5% CO, at 37°C.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from HCC and normal
adjacent tissues, and human HCC cell lines using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. RNA was converted into cDNA
(124 ug/20 pl) using a Takara RNA PCR kit (Takara
Biotechnology Co., Ltd., Dalian, China). qPCR was performed
using a iQ SYBR-Green Supermix (Bio-Rad Laboratories,
Inc., Hercules, CA, USA) with 124 ng/2 ul cDNA. All reac-
tions were performed in triplicate on iCycler IQ multi-color
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Detection System (Bio-Rad Laboratories, Inc.). The thermocy-
cling conditions were as follows: 95°C for 5 min; 40 cycles of
denaturation at 95°C for 30 sec; annealing at 60°C for 30 sec
and extension at 72°C for 20 sec. The following primers were
used: ZEB2-AS1 forward (F) 5'-ATGAAGAAGCCGCGA
AGTGT-3' and reverse (R) 5'-CACACCCTAATACACATG
CCCT-3'; and B-actin F 5"AGTTGCGTTACACCCTTTCTT
GAC-3' and R 5-GCTCGCTCCAACCGACTGC-3'". The
comparative cycle quantification (Cq) method (14) was used to
quantify the relative expression levels of mRNA. The relative
amount was calculated using the equation 224 where
ACq = (Cq of interest mRNA - Cq of p-actin). All the qPCR
reactions were performed in duplicate.

ZEB2-ASI small interfering RNAs (siRNAs) and transfection.
The siRNA-ZEB2-AS1 sequence used was 5'-CAAAGGACA
CCTTTGGTTACCTGAA-3'". Synthetic sequence-scrambled
siRNA (Santa Cruz Biotechnology Inc., Dallas, TX, USA)
was used as a negative control (SiRNA-NC). The siRNAs
were transfected into Huh-7 cells during the logarithmic
growth phase using Lipofectamine 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. Cells were incubated with the siRNA transfection
complex for 24 h. Next, cells were harvested in order to assess
mRNA and protein expression level changes using RT-qPCR
and western blot analysis at 24 h. For the conventional PCR,
the relative mRNA expression level was represented as the
grayscale ratio of the mRNA of interest to 3-actin.

Western blot analysis. Proteins from HCC human cell lines
were extracted using a radioimmunoprecipitation lysis buffer
(Beyotime Institute of Biotechnology, Shanghai, China). The
proteins were quantified by the bicinchoninic acid method and
samples (7530 ug/ml) were then separated on 10% sodium
dodecyl sulfate-polyacrylamide gel and transferred onto
polyvinylidene fluoride membranes. The membranes were
blocked with 5% skimmed milk powder in Tris-buffered
saline and Tween 20 (TBST; 10 mM Tris-HCI, pH 7.5,
150 mM NacCl and 0.1% Tween-20) at room temperature
for 1 h. The following primary antibodies were added and
membranes were incubated overnight at 4°C: Mouse mono-
clonal anti-ZEB2 antibody (1:200; Santa Cruz Biotechnology,
Inc.; cat. no. sc-271984), mouse monoclonal anti-vimentin
(1:200; Santa Cruz Biotechnology, Inc.; cat. no. sc-6260),
mouse monoclonal E-cadherin (1:500; Abcam, Cambridge,
UK; cat. no. abl416), rabbit polyclonal anti-N-cadherin
(1:1,000; Abcam; cat. no. ab18203) and mouse monoclonal
anti-fibronectin (1:1,000; Abcam; cat. no. ab6328). After
washing with TBST, goat anti-mouse (cat. no. SAO0001-1) and
goat anti-rabbit (SA00001-2) horseradish peroxidase-conju-
gated secondary antibody (1:2,000; Proteintech Group,
Inc., Chicago, IL, USA) were added and the membrane was
incubated at room temperature for 1 h. The proteins were
visualized using autoradiography with an enhanced chemi-
luminescence reagent (Wuhan Boster Biological Technology,
Ltd., Wuhan, China). The relative protein expression levels
were determined by using the grayscale ratio of the protein
of interest to glyceraldehyde 3-phosphate dehydrogenase and
the results were analyzed using GraphPad Prism version 5.0
software (GraphPad Software, Inc., La Jolla, CA, USA).
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In vitro cell proliferation assay. Huh-7 cells were seeded at a
density of 8.0x10° cells/well in a 96-well plate and incubated
for 18 h. Water-soluble tetrazolium salts-8 (10 ul) from the Cell
Counting Kit-8 (Wuhan Boster Biological Technology, Ltd.,
Wuhan, China) was then added to each well. The plates were
incubated at 37°C in 5% CO, for 12, 24, 48, 72 and 96 h, and
the absorbance of each sample was determined at a wavelength
of 450 nm using a microplate reader.

Bromodeoxyuridine (BrdU) labeling assay. The Huh-7
cells (1x10%cm?) were seeded on a slide and incubated in
RPMI-1640 with 10% FBS with or without siRNA-ZEBI1
transfection for 24 h. BrdU (10 uM; Sigma-Aldrich; Merck
Millipore, Darmstadt, Germany) was added to the culture
for 1 h. Cells were then fixed with 4% paraformaldehyde and
exposed to ice-cold methanol for 2 min. Cells were incubated
in 2 M HCl for 1 h at room temperature and then incubated in
0.1 M sodium borate for 2 min. Finally, immunocytochemistry
for BrdU labeling of proliferative Huh-7 cells was performed.
Nuclei were stained with 1 zg DAPI solution for 5 min. Images
were captured using an epifluorescence microscope (Zeiss AG,
Oberkochen, Germany) with a charge-coupled device camera
and AxioVision software SE64 4.9.1 (Zeiss AG).

In vitro invasion assay. In order to perform the invasion assay,
Transwell chambers precoated with Matrigel (BD Bioscience,
San Jose, CA, USA) were used. Huh-7 cells were cultured in
serum-free medium (GE Healthcare Life Sciences, Logan, UT,
USA), where the upper chambers of a Transwell plate (Corning,
Corning, NY, USA) were separated from the lower chambers
with a permeable 8 ym polycarbonate membrane. Medium with
10% FBS was added into the lower chambers as a chemoattrac-
tant. Cells were incubated for 24 h, cells remaining on the upper
membrane were carefully removed, those that had invaded
through the membrane were fixed in 75% ethanol and stained
with crystal violet. The number of stained cells was counted
under a light microscope from five different visual fields of each
filter. Three independent experiments were performed.

In vitro migration assay. The Huh-7 cells were seeded at a
density of 1.0x10° cells/well in 6-well plates. Confluent cell
monolayers were disrupted by standardized wound scratching
using a sterile 10 ul pipette tip and incubated in serum-free
medium for 60 h. Migration of cells into the disrupted area and
the recovery of the monolayer was assessed and photographed
every 12 h for 60 h using a phase contrast microscope.

Statistical analysis. Data are presented as the mean + standard
deviation and analyzed using GraphPad Prism 5.0 software
(GraphPad Software, Inc.). Continuous variables were
compared using a Kruskal-Wallis test and categorical data
were compared using y* or Fisher exact tests. The Kaplan-Meier
method was used for survival analysis and differences in
survival were determined using the log-rank test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression level of ZEB2-ASI in HCC tissues. In order to
determine whether there was a difference in the expression
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level of IncRNA ZEB2-AS1 in HCC tissues and the adjacent
normal tissues the ZEB2-AS1 expression levels in 40 paired
tissue samples were detected using RT-qPCR. The expression
of IncRNA ZEB2-AS1 was significantly upregulated in HCC
tissues when compared with adjacent normal tissues (P<0.001;
Fig. 1A). Additionally, the correlation between IncRNA
ZEB2-ASI expression level and clinicopathological variables
of patients with HCC patients was assessed in order to evaluate
its clinical significance. As presented in Table I, ZEB2-AS1
expression levels in HCC were significantly associated with
a primary tumor size of =5 cm (P=0.027), intrahepatic
metastasis (P=0.025) and TNM stage (P=0.011). However,
ZEB2-ASI1 expression was not correlated with other clinico-
pathological variables, including age (P=0.342), liver cirrhosis
(P=0.113) or differentiation (P=0.784). Additionally, patients
with HCC and high ZEB2-AS1 expression were revealed to
have significantly shorter overall survival (P=0.038; Fig. 1B)
and significantly higher recurrence rates (P=0.037; Fig. 1C)
compared with those with low expression of ZEB2-ASI.
These findings demonstrate that the upregulation of IncRNA
ZEB-AS1 may be associated with tumor metastasis and poor
prognosis in patients with HCC.

Expression levels of ZEB2-ASI in various human HCC cell
lines. RT-qPCR was performed to determine ZEB2-ASI1
expression in 5 human HCC cell lines, SMMC-7721, Hep3B,
HepG2, HCCLM?9 and Huh-7. The highest expression level
of ZEB2-AS1 was detected in Huh-7 cells when compared
with the remaining cell lines (P<0.05; Fig. 1D). Therefore, the
Huh-7 HCC cell line was selected for the remaining experi-
ments in the present study.

Effects of ZEB2-ASI siRNAs on the expression levels of
EMT-induced markers. The present study aimed to deter-
mine the association between ZEB2-AS1 expression levels
and EMT-induced markers, and determine the function of
ZEB2-AS1 in human HCC cells. Therefore, siRNAs were
used to knock down ZEB2-ASI in the Huh-7 HCC cell
line. Huh-7 cells were divided into three treatment groups:
i) siRNA-ZEB2-AS1-transfected group; ii) siRNA-NC
group; and iii) blank control group. The knockdown effect
of siRNA-ZEB2-AS1 was confirmed by conventional PCR.
This revealed that the expression levels of ZEB1-AS1 were
significantly reduced in the siRNA-ZEBI-transfected group
compared with the siRNA-NC and the blank control groups
(P<0.05; Fig. 2A), indicating the interference ability of siRNA
on ZEB2-AS1 was effective and specific. Subsequently,
the result of the western blot analysis demonstrated that the
successful knock down of ZEB2-AS1 may lead to a significant
downregulation of ZEB2 (P<0.05; Fig. 2B), vimentin (P<0.05;
Fig. 2B), fibronectin (P<0.05; Fig. 2B) and N-cadherin (P<0.05;
Fig. 2B), and an upregulation of E-cadherin (P<0.05; Fig 2B),
which suggested that the expression of EMT-induced markers
may be regulated by ZEB2-ASI.

Effects of ZEB2-AS1 siRNAs on cell proliferation and cell
cycle in vitro. CCK-8 assay was used to assess the effect of
ZEB2-ASI suppression on cell vitality over a period of 96 h.
It was determined that cell viability was significantly reduced
in the siRNA-ZEB2-ASl-transfected group compared with
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Table I. Correlation between ZEB2-AS1 expression and clinicopathological variables of patients with hepatocellular carcinoma.

Relative ZEB2-AS1 expression

Variable Total (n=40) High (n=20) Low (n=20) P-value

Gender
Male 29 16 13 0.479
Female 11 4 7

Age (years)
<60 19 11 8 0.342
>60 21 9 12

Size of primary tumor (cm)
<5 19 6 13 0.027
>5 21 14 7

PVTT
Present 6 4 2 0.658
Absent 34 16 18

Intrahepatic metastasis
Present 17 12 5 0.025
Absent 23 8 15

Serum AFP (ng/ml)
<200 15 5 10 0.103
=200 25 15 10

Liver cirrhosis
Present 19 12 7 0.113
Absent 21 8 13

Differentiation
Well 7 3 4 0.784
Moderate 28 15 13
Poor 5 2 3

TNM stage
I-11 22 7 15 0.011
II-1v 18 13 5

ZEB2-AS1, Zeb2 antisense RNA 1; PVTT, portal vein tumor thrombosis; AFP, a-fetoprotein; TNM, tumor-node-metastasis.

the negative and blank control groups (P<0.05; Fig. 3A and B).
Therefore, it is possible that cell viability was suppressed
by the knockdown of ZEB2-AS1. The BrdU labeling assay
revealed that DNA synthesis was also significantly inhibited
in the siRNA-ZEB2-ASI-transfected group compared with
the remaining control groups (P<0.05; Fig. 3C and D). These
findings reveal that Huh-7 cell proliferation was inhibited by
the silencing of ZEB2-ASI.

Effects of ZEB2-ASI siRNAs on invasion and migration of
Huh-7 cells in vitro. Cell invasion and migration assays were
performed to determine how ZEB2-ASI affected these charac-
teristics in Huh-7 cells. The in vitro invasiveness of Huh-7 cells
was detected using a Transwell invasion chamber assay. Crystal
violet staining revealed that the numbers of Huh-7 cells per
high power field (three fields analyzed) in siRNA-ZEB2-ASI,
siRNA-NC and blank control groups were 7.33+2.49,
70.33+£3.86 and 66.33+3.68, respectively, this suggests that

the number of Huh-7 cells that had passed through the poly-
carbonate membrane of the Transwell invasion chamber was
significantly reduced in the siRNA-ZEB2-ASI-transfected
group compared with the negative and blank control groups
(P<0.05; Fig. 3E). No significant difference was identified
between the invasiveness of the Huh-7 cells siRNA-NC
group and the blank control group (P>0.05; Fig. 3E). The
wound-healing assays were performed to investigate the migra-
tion ability of Huh-7 cells in the three treatment groups. It was
determined, from three high power fields that the movement
of cells in siRNA-ZEB2-AS1, siRNA-NC and blank control
groups were 1.93+0.26, 3.53+0.33 and 3.23+0.21 cm, respec-
tively which demonstrates that the migration ability of cells
the siRNA-ZEB2-AS1-transfected group was significantly
reduced compared with the two remaining control groups,
48 h after wounding (Fig. 3F). These findings demonstrated
that the downregulation of ZEB2-AS1 reduced the migration
and invasion abilities of Huh-7 cells.
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Figure 1. Expression levels of ZEB2-AS1 in HCC tissues and cell lines. (A) ZEB2-ASI expression was higher in HCC tissues compared with the paired
adjacent normal tissues (n=40). Expression was normalized to glyceraldehyde 3-phosphate dehydrogenase expression. Kaplan-Meier analysis of (B) overall
survival and (C) recurrence-free survival based on ZEB2-AS1 expression levels in 40 patients with HCC. The median level of ZEB2-AS1 was used as the cut
off. Patients with HCC were divided into high ZEB2-AS1 expression group and low ZEB2-AS1 expression group. (D) ZEB2-ASI expression levels in different
human HCC cell lines. Huh-7 cells had the highest ZEB2-AS1 expression level. "P<0.05. HCC, hepatocellular carcinoma; ZEB2-AS1, Zeb2 antisense RNA 1.
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Figure 2. Effect of ZEB2-AS1 siRNAs on the expression levels of EMT-induced markers. (A) ZEB2-ASI expression was significantly downregulated in the
siRNA-ZEB2-ASI transfected group compared with the siRNA-NC and blank control groups. (B) Expression of EMT markers was significantly deregulated in
Huh-7 cells transfected with siRNA-ZEB2-AS1. "P<0.05. siRNA, small interfering RNA; ZEB2-ASI, zinc finger E-box binding homeobox 2 antisense RNA 1;
NC, negative control; NS, not significant; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Discussion important functions in the regulation of gene expression and
their dysregulation may participate in the proliferation and
Previous studies have demonstrated that IncRNAs have  metastasis of cancer cells (15-17). Notably, aslncRNAs, which
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Figure 3. Effects of siRNA-ZEB2-ASI1 on cell proliferation, cell cycle, invasion and migration in vitro. (A and B) Proliferation of Huh-7 cells was assayed
subsequent to ZEB2-AS1 downregulation using Cell Counting kit-8 according to the manufacturer's protocol. (C and D) DNA synthesis was reduced in the
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NC, negative control; NS, not significant.

are oriented in antisense direction with respect to a protein  pathways in cancer cells and may function as enhancers of
coding loci, usually act as regulators of the gene located on  tumor-associated gene expression (19,20).
the opposite strand (18). Previous studies have determined that ZEB has been identified as a transcriptional factor and has
aslncRNAs are involved in the complex network of signaling  been demonstrated to be important for the process of EMT,
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which is closely associated with carcinogenesis. Previous
studies have revealed that abnormal expression of ZEB in
various types of cancer has been associated with aggressive
disease, low differentiation, the development of metastases and
poor prognosis in patients (21,22). Li et al (11) reported that
the expression levels of ZEB1-AS1 were upregulated in HCC
tissues when compared with paired adjacent normal tissues.
ZEBI1-ASI expression was observed to increase with HCC
progression. Patients with HCC that had high ZEB1-AS1 expres-
sion were identified to have shorter overall survival and higher
recurrence rates compared with those that had low expression
levels of ZEB-AS1. ZEB1-ASI1 promoted the proliferation and
metastasis of HCC in vitro and in vivo; therefore, acting as an
oncogene in HCC. Using the Pubmed gene database, it was
determined that there was a non-coding antisense transcript
located from the promoters of ZEB2 (ZEB2-ASI) (23). The
present study determined that the expression of ZEB2-ASI in
HCC tissues was significantly higher compared with adjacent
normal tissues and this was significantly associated with the
size of the primary tumor (P=0.027), intrahepatic metastasis
(P=0.025) and TNM stage (P=0.011). Additionally, according
to the 48-month follow-up survival survey the present study
demonstrated that patients with HCC and high ZEB2-AS1
expression levels had shorter overall survival and higher recur-
rence rates compared with those with low expression levels
of ZEB2-AS1 (P<0.05). Therefore, ZEB2-AS1 expression
levels may serve as a prognostic factor for HCC pathogenesis.
Furthermore, the successful downregulation of ZEB2-AS1
reduced HCC cell viability significantly and DNA synthesis
was also inhibited. Simultaneously, the invasion and migration
ability of HCC cells was suppressed by the knockdown of the
ZEB2-AS1 gene. Therefore, the current study indicates that
ZEB2-ASI may serve as an oncogene and may be important
for HCC development and progression.

In conclusion, the present study demonstrated that the
downregulation of asincRNA ZEB2-AS1 was associated with
the reduction of tumor growth and metastasis in HCC tissues.
The importance of ZEB2-ASI1 in tumor progression and
survival prediction in HCC patients was elucidated, indicating
that ZEB2-AS1 may be a valuable prognostic biomarker and a
novel therapeutic target for HCC.
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