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IncRNA FEZF1-AS1 contributes to cell proliferation, migration
and invasion by sponging miR-4443 in hepatocellular carcinoma
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Abstract. As one of the most common and aggressive
cancer types, hepatocellular carcinoma (HCC) leads to a
large number of fatalities every year. However, the patho-
genesis of HCC remains largely unknown. In the present
study, it was identified that FEZF1-AS1 was significantly
upregulated in HCC cell lines and tissues, as determined by
reverse transcription-quantitative polymerase chain reac-
tion. Additionally, it was observed that higher expression of
FEZF1-AS1 in patients with HCC indicated poorer prognosis.
Furthermore, it was identified that knockdown of FEZF1-AS1
markedly inhibited the proliferation, colony formation, migra-
tion and invasion of Hep3B and Huh7 cells, as determined by
Cell Counting Kit-8, colony formation and Transwell assays.
In terms of mechanism, it was observed that FEZF1-AS1 acted
as a sponge for microRNA (miR)-4443. The results of a lucif-
erase reporter assay revealed that overexpression of miR-4443
significantly inhibited the luciferase activity in Hep3B and
Huh7 cells. Additionally, miR-4443 overexpression markedly
inhibited the expression of FEZF1-ASlI, and vice versa. It was
additionally identified that miR-4443 was downregulated in
HCC tissues. There was an inverse correlation between the
expression of miR-4443 and FEZF1-AS1 in HCC tissues.
Furthermore, through functional experiments, it was identi-
fied that knockdown of FEZF1-ASI significantly inhibited the
proliferation, migration and invasion of HCC cells, whereas
inhibition of miR-4443 reversed these effects. Collectively,
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the present results demonstrated that FEZF1-ASI acts as an
oncogene by acting as a sponge for miR-4443.

Introduction

Hepatocellular carcinoma (HCC) is derived from hepatocytes
and has become one of the most prevalent and malignant
cancer types worldwide (1). Every year, a large number of
cancer-associated mortalities are induced by HCC (2). Despite
certain advances in HCC therapy being achieved, the
outcomes of patients with HCC remain unsatisfactory (3). A
number of patients with HCC are diagnosed at the advanced
stage, which makes curative treatment is no longer possible
and increases the probability of cancer recurrence and metas-
tasis (4). Therefore, in order to better treat HCC, it is vital to
identify novel biomarkers for HCC diagnosis and prognosis,
and therapeutic targets.

Long non-coding RNAs (IncRNAs) are a class of
noncoding RNAs with a length >200 nucleotides, which
possess no protein-coding potential (5). In recent years,
IncRNA has attracted much attention in the field of biology.
Increasing evidence demonstrated that IncRNA exerts pivot
functions in the majority of biological processes, including
cell survival, proliferation, migration and invasion (6-8).
Dysregulation of IncRNAs is closely associated with cancer
development and progression (9). For instance, the IncRNA
Sox2ot is overexpressed in cholangiocarcinoma and promotes
tumor cell proliferation and invasion (10). Zhang et al (11)
reported that IncRNA HOXD-ASI1 promotes epithelial ovarian
cancer cell proliferation and invasion by targeting microRNA
(miRNA/miR)-133a-3p and activating the Wnt/f-catenin
signaling pathway. Therefore, it is crucial to determine the
mechanism of IncRNAs in tumor progression.

FEZF1-ASI1 has been reported to regulate tumor progres-
sion in a number of cancer types, including colorectal
carcinoma (12), gastric cancer (13) and non-small cell lung
cancer (14). However, whether FEZF1-AS1 serves a role
in HCC requires investigation. In the present study, it was
identified that FEZF1-AS1 was significantly upregulated in
HCC tissues and predicted a poor prognosis for patients with
HCC. It was demonstrated that knockdown of FEZF1-ASI
inhibited the proliferation, migration and invasion of HCC
cells. Additionally, it was identified that FEZF1-AS1 acted as
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a sponge to miR-4443, which was significantly downregulated
in HCC tissues. Furthermore, it was identified that inhibition
of miR-4443 abolished the effects of FEZF1-AS1 on HCC cell
proliferation, migration and invasion. Collectively, the present
results demonstrated that FEZF1-AS1 serves as an oncogene
in HCC via inhibition of miR-4443.

Materials and methods

Patient samples. A total of 116 specimens, including 58
tumor-adjacent tissues and 58 tumour tissues (female, 11 and
male, 47; mean age, 49.16+13.42 years), were obtained from
patients with HCC, who underwent surgical resection from
August 2010 to October 2016 at The First College of Clinical
Medical Science, China Three Gorges University (Yichang,
China). Patients who received chemotherapy or radiotherapy
prior to surgery were excluded. The final diagnosis was
confirmed by pathological analysis. All the specimens were
collected immediately following liver resection and stored in
liquid nitrogen at -80°C until analysis. Written consent was
obtained from every patient and the research protocol was
approved by the Ethics Committee of The First College of
Clinical Medical Science, China Three Gorges University.

Cell culture and transfection. HCC cell lines, Hep3B and
Huh7, and normal hepatocyte LO2 were all purchased from
the Cell Bank of the Chinese Academy of Sciences (Shanghai,
China). In addition, all the cell lines were cultured with their
specified basic culture medium [Dulbecco's modified Eagle's
medium (DMEM); Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA] supplemented with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml
penicillin and 100 pg/ml streptomycin sulfate and maintained
at 37°C in a humidified atmosphere containing 5% CO,.

FEZF1-AS1 small interfering (si)RNA (5'-GAAAGU
GUUGUGUCA AUA ACG-3") and non-targeting siRNA
[si negative control (siNC, 5'-AATTCTCCGAACGTGTCA
CGT-3")], miR-4443 mimics (5'-UUGGAGGCGUGGGUU
UU-3"), inhibitors (5'-AAAACCCACGCCUCCAA-3") and
controls (5'-ACAUCUGCGUAAGAUUCGAGUCUA-3') were
purchased from Shanghai Integrated Biotech Solutions Co.,
Ltd. (Shanghai, China). Transfection was performed with
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), according to the manufacturer's
protocol, with plasmids or siRNAs transfected at a concentra-
tion of 50 nM. A total of 48 h post-transfection, efficiency was
validated by reverse transcription-quantitative polymerase
chain reaction (RT-qPCR).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from tissues or cells
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturers' protocol, and subse-
quently converted into complementary DNA (cDNA) using a
PrimeScript RT reagent kit (Takara Biotechnology Co., Ltd.,
Dalian, China), according to the manufacturer's protocol. The
RNA expression levels were examined by real-time PCR using
a SYBR Premix Dimmer Eraser kit (Takara Biotechnology
Co., Ltd.). The thermocycling conditions of qPCR were as
follows: 94°C for 15 min, followed by 45 cycles at 94°C for
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10 sec, 60°C for 30 sec and 72°C for 30 sec. Gene expression
in each sample was normalized to U6. The expression of
miR-4443 was quantified using TagMan MicroRNA Assay
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.), and
human U6 RNA, which was amplified as a control. Data are
presented as the mean + standard deviation from three inde-
pendent experiments. The relative expression fold-change
of mRNA was calculated using the 244%4 method (15). The
primer sequences were as follows: FEZF1-AS1, forward
5"TTAGGAGGCTTGTTCTGTGT-3', reverse 5'-GCGCAG
GTACTTAAGAAAGA-3"; miR-4443, forward 5-GTTGGA
GGCGTGGGT-3, reverse 5'-GGTCCAGTTTTTTTTTTT
TTTTAAAACC-3"; and U6, forward 5'-CTCGCTTCGGCA
GCACA-3' and reverse 5-AACGCTTCACGAATTTGCGT-3".

RNA-FISH assay. Fluorescence-conjugated FEZF1-ASI
probes for RNA-FISH were generated, according to protocols
of LGC Biosearch Technologies (Petaluma, CA, USA). HCC
cells were treated in a non-denaturing condition, followed by
hybridization with DNA probe sets, as previously described (9).
DAPI (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
was used to stain the nuclei at room temperature for 10 min.
Treated samples were visualized by confocal microscopy at
x600 magnification (FV1000; Olympus Corporation, Tokyo,
Japan).

Cellular proliferation assays. Cells were seeded into 96-well
plates at a density of 1x10° cells/well. Following 24, 48, 72
and 96 h of incubation at 37°C in DMEM (Gibco; Thermo
Fisher Scientific, Inc.), cellular viability was evaluated using
a Cell Counting Kit-8 (CCK-8) assay (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan), according to the
manufacturer's protocol. The absorbance was measured at a
wavelength of 450 nm using a Multiskan™ GO Microplate
Spectrophotometer (Thermo Fisher Scientific, Inc.).

A colony formation assay was also performed. A total of
2x10° cells/well were seeded into 6-well plates with DMEM
supplemented with 10% FBS and cultured at 37°C with 5%
CO, for 14 days. Colonies were fixed with 100% methanol at
room temperature for 20 min and stained with 0.1% crystal
violet (Sigma-Aldrich; Merck KGaA) at 25°C for 30 min.
The total number of visible colonies was determined under
an optical light microscope at x40 magnification (Olympus
Corporation). All experiments were repeated three times.

Cellular migration and invasion assays. Transwell migration
and matrigel invasion assays were assessed using transwell
membranes (8 ym pore size, 6.5 mm diameter; Corning
Incorporated, Corning, NY, USA) in 24-well plates of 8 ym
(BD Biosciences, Franklin Lakes, NY, USA) according to
the manufacturer's protocol. For the transwell migration
assay, cells were resuspended in serum-free 200 1 DMEM
medium at a density of 5x10* cells/well. The bottom chamber
of transwell plates was supplemented with 600 x1 DMEM
medium, containing 20% FBS as a chemoattractant. Cells
were subsequently seeded into the upper chamber and incu-
bated for another 20 h at 37°C with 5% CO,. For the invasion
assay, matrigel matrix (1:8; 50 ul/well, BD Biosciences) was
polymerized in the transwell membrane, according to the
manufacturer's protocol. Cells (1x10° cells/well) were used and
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incubated for another 48 h at 37°C with 5% CO,. Following
incubation, cells on the upper surface of the membrane were
scraped off with cotton swabs. Cells that migrated to the lower
surface were fixed with polyoxymethylene at 25°C for 30 min,
stained with 0.1% Crystal Violet staining solution at 25°C
for 30 min. The cells on the bottom of the membrane were
calculated from five random light microscopic fields at x40
magnification.

Luciferase assays. The potential targets of FEZF1-AS1
were predicted using the miRDB tool (http:/mirdb.
org/miRDB/index.html). Subsequently, FEZF1-AS1 sequences
containing the wild-type (WT) binding site or mutated-type
(Mut) binding site for miR-4443 were synthesized by
Sangon Biotech Co., Ltd. (Shanghai, China) and cloned into
the pmiR-GLO vector (Promega Corporation, Madison,
WI, USA). Luciferase reporter gene assays were performed
using the Dual-Luciferase Reporter Assay System (Promega
Corporation) according to the manufacturer's protocol.
Prior to transfection, cells were seeded in 24-well plates
(5x10° cells/well) and cultured for 24 h. Subsequently, the
WT or Mut of FEZF1-AS1 was transiently co-transfected
with miR-4443 mimics or miR-NC (Guangzhou RiboBio
Co., Ltd., Guangzhou, China) into logarithmic phase cells
using Lipofectamine® 2000 transfection reagent. Luciferase
assays were performed using the Dual-Luciferase Reporter
Assay system (Promega Corporation), according to the manu-
facturer's protocol, after a further 48 h culture. The value
of relative luciferase activity indicates the firefly luciferase
activity normalized to that of Renilla for each assay.

Statistical analysis. The statistical significance of the differ-
ences between groups was assessed using Student's t-test
for pair-wise comparisons or one-way analysis of variance
followed by Fisher's least significant difference post hoc
test for multiple comparisons. Pearson's correlation coef-
ficient analysis was used to determine the correlations.
Kaplan-Meier survival curve analysis and log-rank test were
used for survival analysis. P<0.05 was considered to indicate
a statistically significant difference. Data are presented as the
mean =+ standard deviation of three independent experiments.
Statistical analysis was performedv using the SPSS software
version 20.0 (IBM Corp., Armonk, NY, USA).

Results

FEZF1-AS1 is upregulated in HCC tissues. To examine the
expression patterns of FEZF1-AS1, RT-qPCR analysis was
conducted using HCC cell lines and LO2 cells. It was identi-
fied that FEZF1-AS1 expression was significantly upregulated
in HCC cell lines (Hep3B and Huh7) compared with normal
LO2 hepatocytes (P<0.01; Fig. 1A). To further verify its
overexpression in HCC cells, 58 HCC tissues and 58 adjacent
normal tissues were obtained, and FEZF1-AS1 expression
was analyzed using RT-qPCR. The results suggested that
FEZF1-AS1 expression levels were significantly upregulated
in HCC tissues compared with adjacent normal tissues
(P<0.001; Fig. 1B). To determine whether FEZF1-AS1 is able
to serve as a prognostic biomarker of patients with HCC, a
Kaplan-Meier survival curve analysis was conducted. It was
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identified that patients with HCC with higher expression
of FEZF1-AS1 exhibited a significantly lower survival rate
(P<0.05; Fig. 1C). The location of FEZF1-AS1 in HCC cells
was analyzed and it was identified that FEZF1-AS1 was
located in the cytoplasm (Fig. 1D). FEZF1-AS1 expression
was subsequently knocked down in Hep3B and Huh7 cells by
transfection with specific RNAs. As presented, the expres-
sion levels of FEZF1-AS1 were significantly downregulated
in Hep3B and Huh7 cells following transfection with the two
siRNAs (P<0.05; Fig. 1E).

FEZFI1-ASI knockdown inhibits the proliferation, migra-
tion and invasion of Hep3B and Huh7 cells. To examine
the function of FEZF1-AS1 in HCC cells, CCK-8, colony
formation and transwell assays were performed. Through
CCK-8 assays, it was observed that knockdown of FEZF1-AS1
significantly inhibited the proliferation of Hep3B and Huh7
cells (Fig. 2A and B) at 96 h after culture. The colony forma-
tion assays suggested that the downregulation of FEZF1-AS1
significantly decreased the number of colonies formed by
Hep3B and Huh7 cells (P<0.05; Fig. 2C). Furthermore, it was
identified that FEZF1-AS1 depletion significantly decreased
the numbers of migrated and invaded Hep3B and Huh7 cells
(P<0.05; Fig. 2D and E). Collectively, these data demonstrated
that FEZF1-ASI1 is important for the proliferation, migration
and invasion of HCC cells.

FEZF1-ASI acts as a sponge for miR-4443. IncRNAs serve
as competing endogenous RNAs (ceRNAs) to bind with miRs
and regulate gene expression (16). In order to investigate
the downstream mechanism of FEZF1-AS1, bioinformatics
analysis was performed, which identified that numerous miRs
exhibited potential binding sites for FEZF1-AS1. Among all
targeting miRs, miR-4443 ranked top and has been reported
to inhibit colon cancer progression (17). Therefore, miR-4443
was selected for further examination. It was identified
that there were two potential binding sites of miR-4443 in
FEZF1-AS1 (Fig. 3A). Through luciferase reporter assays, it
was demonstrated that miR-4443 overexpression inhibited
the luciferase activity in Hep3B and Huh7 cells transfected
with FEZF1-AS1-WT, while mutation of the binding sites in
FEZF1-AS1 abrogated this effect (Fig. 3B). Furthermore, it
was identified that overexpression of miR-4443 significantly
inhibited the expression levels of FEZF1-AS1 in Hep3B and
Huh?7 cells (P<0.01; Fig. 3C); whereas, inhibition of miR-4443
significantly increased the expression of FEZF1-AS1 (P<0.05;
Fig. 3D). Consistently, knockdown of FEZF1-ASI additionally
significantly upregulated the expression levels of miR-4443 in
Hep3B and Huh7 cells (P<0.05; Fig. 3E). Collectively, these
data suggested that FEZF1-ASl1 directly targets miR-4443 in
HCC cells.

miR-4443 is downregulated in HCC. The function of
miR-4443 remains unknown in HCC. To further determine
whether miR-4443 is involved in HCC progression, the
expression patterns of miR-4443 in HCC cell lines were first
analyzed by RT-qPCR. The results suggested that miR-4443
was downregulated in HCC cell lines compared with LO2
cells (Fig. 4A). Similarly, the expression of miR-4443 was
significantly downregulated in HCC tissues compared with
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LO2. "P<0.05 vs. LO2. (B) Relative expression levels of FEZF1-AS1 in HCC tissues (n=58) and adjacent normal tissues (n=58) were determined by reverse
transcription-quantitative polymerase chain reaction assays. ““P<0.001 vs. normal tissue (C) Kaplan-Meier curve was determined, according to FEZF1-AS1
expression in HCC tissues. (D) RNA-fluorescence in situ hybridization indicated FEZF1-AS1 was located in the cytoplasm in HCC cells (x600 magnification).
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Figure 2. FEZF1-ASI knockdown inhibits the proliferation, migration and invasion of Hep3B and Huh7 cells. Cell Counting Kit-8 assays were conducted to
examine the proliferation of (A) Hep3B and (B) Huh7 cells. (C) Knockdown of FEZF1-AS1 reduces the number of colonies formed by Hep3B and Huh7 cells.
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group. OD, optical density; si, small interfering; NC, negative control; Inc, long non-coding.

adjacent normal tissues (P<0.001; Fig. 4B). Subsequently, the
expression correlation between FEZF1-AS1 and miR-4443
was determined in HCC tissues by RT-qPCR. The results
demonstrated that FEZF1-AS1 expression was negatively
correlated with that of miR-4443 in HCC tissues (Fig. 4C).
In summary, these data implied that miR-4443 may serve a
function in HCC progression.

FEZFI-ASI promotes HCC cell proliferation, migration and
invasion by regulating miR-4443.To verify whether miR-4443
was involved in FEZF1-AS1-mediated effects on HCC progres-
sion, the expression levels of miR-4443 were demonstrated
to be downregulated by RT-qPCR in FEZF1-AS1-depleted
Hep3B and Huh?7 cells. The results suggested that the miR-4443

expression level was markedly downregulated in Hep3B and
Huh7 cells transfected siFEZF1-AS1 plus miR-4443 inhibitor
compared with the siFEZF1-AS1 group (Fig. 5A). CCK-8
assays were performed to evaluate the proliferation of Hep3B
and Huh7 cells. It was identified that FEZF1-AS1 knockdown
inhibited cellular proliferation while inhibition of miR-4443
significantly reversed this trend in Hep3B and Huh7 cells
(P<0.05; Fig. 5B and C). Furthermore, transwell assays addi-
tionally demonstrated that FEZF1-AS1 depletion decreased
the migration and invasion of Hep3B and Huh7 cells; whereas,
knockdown of miR-4443 at the simultaneously promoted cell
migration and invasion (Fig. 5D and E). FEZF1-ASI1 promoted
HCC cell proliferation, migration and invasion by acting as a
sponge to miR-4443.
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Discussion

HCC contributes to a large number of cancer-associated
mortalities around the world each year (2). Although HCC
becomes a primary public health problem, there are no
effective therapeutic methods for curative treatment of HCC.
Therefore the examination of the underlying mechanism of
hepatocarcinogenesis and the search for novel therapeutic
targets for HCC treatment is urgently required. In the present
study, it was identified that FEZF1-AS1 was highly expressed
in HCC tissues and cell lines compared with adjacent normal
tissues or hepatocytes. Additionally, it was demonstrated
that FEZF1-AS1 expression serves as a prognostic marker
for patients with HCC. Furthermore, the present results
suggested that knockdown of FEZF1-ASI1 suppressed the
proliferation, migration and invasion of Hep3B and Huh7
cells in vitro. In terms of mechanism, it was observed that
FEZF1-AS1 served as a ceRNA sponge to miR-4443 in HCC
cells. Overexpression of miR-4443 repressed the expression
of FEZF1-AS1 in HCC cells, and vice versa. Furthermore,
it was demonstrated that miR-4443 was downregulated in
HCC tissues and negatively correlated with the expression
of FEZF1-ASI. Finally, through functional experiments, it
was demonstrated that inhibition of miR-4443 abrogated the
effects of FEZF1-AS1 on HCC cell proliferation, migration
and invasion.

In recent years, an increasing number of studies docu-
ment that IncRNAs are essential regulator in various
biological processes (18-20). In human cancer, IncRNAs
have been demonstrated to serve pivotal roles in regulating
cellular proliferation, apoptosis, migration and inva-
sion (19). Increasing evidence suggests that IncRNAs are
involved in the development and progression of a diverse
range of cancer types, including osteosarcoma (20), gastric
cancer (21), non-small cell lung cancer (22), colorectal

cancer (23), breast cancer (24), clear cell renal cell carci-
noma (25) and hepatocellular carcinoma (26). However,
the functions of the majority of IncRNAs in cancer remain
unclear. As for FEZF1-AS1, a previous study suggested that
FEZF1-ASI1 facilitates cell proliferation and migration in
colorectal carcinoma (12). Another previous study reported
that FEZF1-ASI1 represses p21 expression to promote
gastric cancer proliferation through LSDI1-Mediated
H3K4me2 demethylation (13). He et al (14) demonstrated
that FEZF1-AS1 enhances epithelial-mesenchymal transi-
tion by suppressing epithelial-cadherin and regulating WNT
pathway in non-small cell lung cancer. Whether FEZF1-AS1
regulates HCC progression remains largely unknown. In the
present study, it was observed that FEZF1-AS1 was upregu-
lated in HCC cells and promoted cancer cell proliferation,
migration and invasion. The present results suggested that
FEZF1-AS1 additionally serves as an oncogene in HCC.

In the past decades, the functions of miRNAs have been
widely investigated. A large number of studies suggest
that miRNAs are closely associated with tumorigenesis.
Additionally, miRNAs are demonstrated to regulate tumor
cell proliferation, migration and invasion by suppressing
target gene expression post-transcriptionally (27). Abnormal
expression of miRNAs is frequently observed in types of
cancer, including breast cancer (28), colorectal cancer (29),
non-small cell lung cancer (30) and hepatocellular carci-
noma (31). Recently, a previous study suggested that miRNA
expression levels may be regulated by IncRNAs (18). In the
present study, FEZF1-AS1 was identified to act as a sponge of
miR-4443 in HCC cells. miR-4443 has been demonstrated to
decrease the invasiveness of human colon cancer cells (17).
In contrast, another previous study suggested that miR-4443
induced malignancy of breast cancer (32). Whether miR-4443
is involved in HCC requires further investigation. Through
functional experiments, it was observed that miR-4443 was
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Figure 5. FEZF1-AS1 promotes hepatocellular carcinoma cell proliferation, migration and invasion by regulating miR-4443. (A) Relative expression of
miR-4443 in Hep3B and Huh?7 cells transfected with siLnc in addition to miR-4443 inhibitor or not. Cell Counting Kit-8 assays were used to detect cell
proliferation of (B) Hep3b and (C) Huh7 cells. Transwell assays were utilized to investigate (D) the migration and (E) invasion of Hep3B and Huh7 cells.
“P<0.05 vs. respective siNC. miR, micro RNA; si, small interfering; NC, negative control; Inc, long non-coding.

downregulated in HCC tissues. Inhibition of miR-4443
abolished the effects of FEZF1-AS1 on HCC cell prolifera-
tion, migration and invasion, which suggested that miR-4443
suppressed HCC progression.

In conclusion, the results of the present study demonstrated
that FEZF1-AS1 promoted the proliferation, migration and
invasion of HCC cells by regulating miR-4443 expression
levels. The present results highlight the importance of the
FEZF1-AS1/miR-4443 axis during HCC development and
progression.
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