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Abstract. Cullin 4A (CUL4A) is the major component of
cullin-RING-based E3 ubiquitin-protein ligase complexes,
which regulate the ubiquitination of target proteins. The
overexpression of CUL4A has been associated with the devel-
opment and progression of various cancer types. However, a
detailed understanding of the role of CUL4A in human liver
cancer has not been determined by previous studies. In the
present study, the association between human liver cancer
and CUL4A expression was investigated. The expression of
CULA4A in liver cancer tissues and paracancerous tissues of
patients was investigated by reverse transcription-quantitative
polymerase chain reaction, western blotting and immunohisto-
chemical staining. Overexpression and knockdown of CUL4A
were induced with an overexpression vector and small inter-
fering RNA transfection, respectively, in human liver cancer
cell lines, and the effects on cell proliferation were analyzed by
a Cell Counting Kit-8 assay to investigate the role of CUL4A
in human liver cancer. Cell migration, invasion, apoptosis
and the cell cycle were also analyzed following transfection.
The results of the present study revealed that the mRNA and
protein expression of CUL4A was increased in the liver cancer
tissues compared with the paracancerous tissues of 3 patients.
Additionally, the results demonstrated that downregulation
of CUL4A expression inhibited cell proliferation, migration
and invasion, and increased the percentage of cell apoptosis,
in HEPG2 and MHCC97-H cells, while CUL4A overexpres-
sion led to the opposite effects. Therefore, the results of the
current study indicated that CUL4A may serve an important
role in the development and progression of human liver cancer,
and highlights the potential of CUL4A as a novel target in the
diagnosis and treatment of human liver cancer and potentially
other cancer types.
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Introduction

Liver cancer is the third highest contributor to cancer
mortality worldwide (1,2). A high rate of tumor metastasis
and recurrence are major factors that contribute to the poor
prognosis associated with liver cancer. Therefore, the efficacy
of radiotherapy and chemotherapy is limited for the majority
of patients with liver cancer following diagnosis, and surgical
treatment is considered as the only available therapy method
at the initial stage of liver cancer (3,4). Therefore, an improved
understanding of the mechanism of liver cancer is required
to identify novel prognostic molecular markers, as well as
potential effective therapeutic targets, to improve the effect of
therapy and patient survival rate.

It has previously been demonstrated that the accumula-
tion of epigenetic and genetic alterations in hepatocytes, and
uncontrolled cell proliferation and death, are essential for the
progression and initiation of liver cancer (5). In liver cancer,
chromosomal abnormalities are the most common form of
genetic mutation, and numerous chromosomal regions that are
frequently unstable have been identified in liver cancer (6,7).
For example, a 13q34 amplification has been detected in
several liver cancer cell lines, and this region comprises five
genes, including transcription factor Dp-1, cullin 4A (CUL4A)
and cell division cycle protein 16 (8). These genes may have
potential as novel therapeutic targets for liver cancer; however,
further investigation into the particular roles of these genes is
required.

CULA4A is a single-copy gene and encodes an 87-kDa
protein that belongs to the cullin family. High expression
levels of CUL4A have been reported in the spleen and testis,
with poor expression in the liver, lung and thymus (9). The
CULA4A protein is able to bind to ring-box protein 1 and
DNA damage-binding protein 1, forming the ubiquitin ligase
E3 complex. This complex mediates the ubiquitination and
degradation of particular substrates and has an important
function in the maintenance of cellular physiology (10). The
role of CUL4A in oncogenesis has received increased interest;
amplification or overexpression of the CUL4A gene has been
detected in various cancer types, including liver cancer (8),
adrenocortical carcinoma (11) and pituitary adenomas (12).
In 2015, Pan ef al (13) reported an inverse correlation between
the expression of the CUL4A gene and patient survival, while
a positive correlation with lymphatic and venous invasion was
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identified. Additionally, the expression of CUL4A in liver
cancer tissues was associated with hepatitis B virus (HBV)
e-antigen (HBeAg) status in patients and may be upregulated
by HBV in liver cancer cell lines in vitro (13). Furthermore,
knockdown of CUL4A ameliorated the motility of liver cancer
cell lines by regulating the expression of epithelial-mesen-
chymal transition (EMT)-associated genes (13). Recently,
another group identified that a novel long noncoding (Inc)RNA,
uc.134, repressed liver cancer progression by inhibiting the
CUL4A-mediated ubiquitination of the large tumor suppressor
kinase 1 (LATSI1) protein, indicating that the application of
uc.134 IncRNA may offer a promising treatment approach for
liver cancer, and that CUL4A may serve an important role in
liver cancer progression (14).

In the present study, the clinical relevance of CUL4A in
liver cancer was primarily investigated. The results demon-
strated that the expression levels of CUL4A in human liver
cancer tissues were markedly increased compared with para-
cancerous tissues. CUL4A overexpression in liver cancer cell
lines led to enhanced liver cancer cell proliferation, migration
and invasion, while CUL4A knockdown suppressed the prolif-
eration and motility of liver cancer cells, and significantly
induced cell apoptosis, indicating that CUL4A may have the
potential to serve as a novel therapeutic target for liver cancer.

Materials and methods

Ethical approval and consent. The present study was approved
by the Committee on the Ethics of Animal Experiments and
Human Subject Research of the First People's Hospital of
Kunming (Kunming, China). All volunteers involved in the
present study provided written informed consent.

Liver cancer samples. In the present study, liver cancer tissues
and paracancerous tissues from 3 different patients (obtained
from the First People's Hospital of Kunming, Kunming, China)
were used to analyze the importance of CUL4A in liver cancer
treatment. All samples originated from primary tumors and
were collected from April-December 2016. The cancer tissue
from patient 1 (age, 59; sex, male;) and patient 2 (age, 56; sex,
female) were diagnosed as infiltrating liver cancer and the
cancer tissue from patient 3 (age, 52; sex, male) was superficial
liver cancer.

Cell culture. The liver cancer cell lines HEPG2 (hepato-
blastoma cell line) (15) and MHCC97-H (hepatocellular
carcinoma cell line) were employed in the present study and
were purchased from the American Type Culture Collection
(Manassas, VA, USA). The cells were cultured in high-glucose
Dulbecco's modified Eagle's medium (HG-DMEM; Hyclone;
GE Healthcare Life Sciences, Logan, UT, USA) supplemented
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA), 100 U/ml penicillin and
0.1 g/ml streptomycin (Hyclone; GE Healthcare Life Sciences)
in a humidified incubator at 37°C with 5% CO,. Medium was
replaced every other day and adherent cells were passaged by
1:4 dilution every 5-7 days.

Overexpression and knockdown of CUL4A in liver cancer
cell lines. To generate the CUL4A overexpression vector,
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CUL4A-coding sequences were obtained by reverse
transcription-polymerase chain reaction (RT-PCR) with
the following primer sequences: CUL4A forward, 5'-CGG
AATTCATGGCGGACGAGGCCCCGCGGAA-3" and
reverse, 5-"ACGGTACCTCAGGCCACGTAGTGGTAC
TGAT-3". The sequences were amplified using the following
parameters: Initial denaturation at 95°C for 5 min; 35 cycles
of 95°C for 35 sec, 60°C for 35 sec and 72°C for 90 sec;
followed by a final extension at 72°C for 5 min. Coding
sequences were cloned into a pCI-based overexpression
plasmid (Addgene, Inc., Cambridge, MA, USA). Human
CULA4A small interfering (si) RNA (sequence, AAGAAG
AUUAACACGUGCUGG) was purchased from Santa Cruz
Biotechnology, Inc. (Dallas, TX, USA; cat. no. sc-44355).
For the overexpression and knockdown of CUL4A, liver
cancer cell lines (1x10° cells/well) were cultured in a 6-well
plate overnight at 37°C and were subsequently transfected
with pCI-CUL4A vector (2 pg/ml) and CUL4A-siRNA
(10 uM/ml), respectively, using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.), while cells trans-
fected with an empty pCI vector (2 ug/ml) or control-siRNA
(10 uM/ml; sequence, AACAGUCGCGUUUGCGACUGG
dTdT) served as the control groups. The detailed opera-
tion was performed according to the Lipofectamine® 2000
protocol. At 36 h post-transfection, cells were harvested for
the subsequent experiments.

RT-quantitative PCR (RT-gPCR). RT-qPCR was performed
as previously described (16,17). Briefly, the total RNA was
extracted from HEPG2 cells and converted into cDNA. The
high capacity cDNA Reverse Transcription Kit (Thermo Fisher
Scientific, Inc.) and PrimeScript™ II High Fidelity One Step
RT-qPCR Kit (Takara Biotechnology Co., Ltd., Dalian China)
were used for reverse transcription and qPCR. respectively.
Following an initial polymerase activation and denaturation
step at 50°C for 2 min and 95°C for 5 min, respectively, the
samples in each group underwent 40 amplification cycles
of 95°C for 20 sec, 65°C for 10 sec and 72°C for 30 sec in
the Light Cycler 480 instrument (Roche Diagnostics, Basel,
Switzerland). Three independent experiments were performed.
Results were quantified using the 2224 method (18). In the
present study, 18s ribosomal ()RNA was used for normaliza-
tion and all measurements were performed in triplicate. The
primer sequences (5'-3') were as follows: CUL4A, 5"-TCCTGT
TCTTGGACCGCACCT-3' (forward) and 5-ACCTGCAGG
TCAGACAGCATGC-3' (reverse); and 18s rRNA, 5'-CCT
GGATACCGCAGCTAGGA-3' (forward) and 5-GCGGCG
CAATACGAATGCCCC-3' (reverse).

Western blotting. Both tissue samples and cell samples were
harvested with radioimmunoprecipitation assay lysis buffer
(CST Biological Reagents Co., Ltd., Dalian, China) and
the protein content of cell lysates in different groups was
further detected with a bicinchoninic acid protein estima-
tion kit (Pierce; Thermo Fisher Scientific, Inc.). Western
blotting was performed as previously described (19). Briefly,
Protein (15 pg/lane) was separated on 10% polyacrylamide
gel, followed by transfer to a nitrocellulose membrane. The
membrane was blocked with 5% bovine serum albumin (BSA;
Thermo Fisher Scientific, Inc.) for 2 h at room temperature
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and subsequently incubated with the following primary
antibodies overnight at 4°C: Anti-CUL4A (cat no. ab72548;
1:1,000; Abcam, Cambridge, UK), anti-E-cadherin (cat
no. ab1416; 1:500; Abcam), anti-N-cadherin (cat no. ab18203;
1:500; Abcam), anti-claudin 3 (Cldn3; cat no. ab15102;
1:1,000; Abcam), anti-occludin (Ocln; cat no. ab31721;
1:1,000; Abcam), anti-epithelial cell adhesion molecule
(Epcam; cat no. ab71916; 1:800; Abcam), anti-Snail (cat
no. ab53519; 1:500; Abcam), anti-Slug (cat no. ab27568;
1:500; Abcam), anti-vimentin (cat no. ab8978; 1:500;
Abcam) and anti-GAPDH (cat no. ab8245; 1:10,000; Abcam).
Subsequently, the membrane was incubated with horseradish
peroxidase (HRP)-conjugated anti-mouse (cat no. sc-2005)
or rabbit (cat no. sc-2357) immunoglobulin G secondary
antibodies (1:5,000; Santa Cruz Biotechnology, Inc.) for
1 h at room temperature. Bands were visualized with an
Amersham ECL kit (GE Healthcare, Chicago, IL, USA) and
relative protein expression was quantified using Quantity
One software (version 4.6.2; Bio-Rad Laboratories, Inc.,
Hercules, CA, USA).

Immunohistochemical staining. Prior to immunohisto-
chemical staining of patient tissues, all tissue samples were
fixed in 4% paraformaldehyde in PBS at room temperature
for 36 h, and sectioned to 5 um thickness for staining, as
previously described (20,21). For immunohistochemistry,
sections were blocked with 5% BSA for 2 h at room tempera-
ture, and endogenous peroxidase activity was quenched
with 3% H,0O, for 30 min at room temperature. A polyclonal
primary antibody against CUL4A (cat no. ab72548; 1:200;
Abcam) was employed. After 12 h of incubation at 4°C, the
sections were washed three times with PBS and processed
with a HRP-conjugated Streptavidin-Biotin complex kit (cat
no. SA1040; Boster Biological Technology, Pleasanton, CA,
USA) and 3',3'-diaminobenzidine solution, according to the
manufacturer's protocol. Finally, the sections were observed
using Axio Scope Al (Carl Zeiss AG, Oberkochen, Germany)
with AxioCAM MRc5 (Carl Zeiss AG) and the relative staining
intensity of each group was processed with AxioVision soft-
ware (version 4.7; Carl Zeiss AG).

Cell proliferation and cell cycle analysis. To evaluate cell
proliferation ability, cells (1x10° cells/well) were seeded into
a 96-well plate and the proliferation index of each group
was detected with the Cell Counting Kit-8 (CCK-8) method
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan)
as previously described (22,23). The following equation
was used to measure cell proliferation ability: Proliferation
index = absorbance of the experimental group-absorbance
of blank group. The proliferation index of each group was
measured at 0 h (Day 0), 24 h (Day 1), 48 h (Day 2) and
72 h (Day 3) after seeding. To analyze the cell cycle, 5x10°
cells were harvested and fixed with 70% ethanol for 30 min
at 4°C. The cell samples were stained with 200 ul propidium
iodide (PI; Beyotime Institute of Biotechnology, Haimen,
China) in the presence of RNase A (Beyotime Institute of
Biotechnology) for 10 min at room temperature. Finally, the
samples were analyzed using a FACSCalibur flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA) and Flowjo soft-
ware (version 7.6.1; Flowjo, LLC, Ashland, OR, USA).
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Cell migration and invasion assay. In the present study,
the migration and invasion of liver cancer cells were
measured with Transwell plates (8 ym pore filter, Costar;
Corning Incorporated, Corning, NY, USA) as previously
described (16,17). Briefly, the liver cancer cells were seeded
onto the upper insert at a concentration of 1x10° cells per
insert in serum-free medium (HG-DMEM). The insert
covered with Matrigel was used for the invasion assay, while
a normal insert was used for the migration assay. Lower
chambers were filled with HG-DMEM containing 10% FBS
as a chemoattractant; cells were incubated for 48 h at 37°C.
Non-invading cancer cells were removed by swabbing the
top layer and cancer cells that had migrated through the gel
and attached to the lower surface of the membrane were
stained with 0.5% crystal violet for 20 min at 37°C. The
number of cancer cells in four randomly selected micros-
copy fields under a light microscope (magnification, x100) was
counted for each group.

Cell apoptosis assay. In the present study, a cell apoptosis
assay was performed using a fluorescein isothiocyanate
(FITC)-Annexin V/PI cell apoptosis assay kit (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
Briefly, 5x10° cancer cells in each group were dissociated
into single cells with trypsin and washed with PBS, followed
by incubation with 200 ul FITC-Annexin V and PI solution.
Cancer cells incubated without the addition of any reagents
were used as the negative control group. Finally, all cell
samples were analyzed using a FACSCalibur cytometer (BD
Biosciences) and Flowjo software (version 7.6.1; Flowjo, LLC).

Statistical analysis. In the present study, the results are
presented as the mean + standard error of the mean and
statistical analysis was performed using SPSS 17.0 (SPSS,
Inc., Chicago, IL, USA). Unpaired Student's t-tests were used
to compare the means of two groups. One-way analysis of
variance with Bonferroni's correction was used to compare
the means of three or more groups. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of CUL4A in liver cancer tissue and paracan-
cerous tissue. In the present study, liver cancer tissues and
paracancerous tissues from 3 different patients were harvested
to analyze the association between CUL4A and liver cancer.
The results of RT-qPCR and western blotting demonstrated
that the expression levels of CUL4A were significantly
higher in liver cancer tissues compared with in paracan-
cerous tissues (P<0.05), with similar patterns observed in the
3 different patients (Fig. 1A and B). The phenomenon was
further confirmed by immunohistochemical staining as the
results indicated strong positive staining of CUL4A in the
liver cancer tissues, while staining of CUL4A in the para-
cancerous tissues was weak, and quantification of staining
demonstrated significantly higher CUL4A expression in liver
cancer tissues compared with paracancerous tissue (Fig. 1C).
Therefore, these results indicated that human liver cancer
tissues exhibited higher expression of CUL4A compared
with normal tissue.
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Figure 1. Expression of CUL4A in human liver cancer tissues and paracancerous tissues. The expression of CUL4A in human liver cancer tissues and
paracancerous tissues was evaluated by (A) reverse transcription-quantitative polymerase chain reaction, (B) western blotting and (C) immunohistochemical
staining. Scale bar, 50 ym. Similar results were obtained in three independent experiments. Results are presented as the mean + standard error of the mean.

“P<0.05 vs. paracancerous tissue group. CUL4A, cullin 4A.

CULA4A overexpression and knockdown in liver cancer
cell lines. To further investigate the role of CUL4A in the
biological function of human liver cancer cells, HEPG2 and
MHCC97-H cancer cell lines were employed in the present
study. Overexpression of CUL4A was induced with pCI
vector transfection (overexpression group) and knockdown of
CULA4A in liver cancer cells was performed with using siRNA
(siRNA group). Following transfection, the mRNA and protein
expression of CUL4A was determined with RT-qPCR and
western blotting, respectively, to evaluate the overexpression
and siRNA efficiency, and the results confirmed significant
upregulation of CUL4A in the overexpression group and
downregulation of CUL4A expression in the siRNA group
compared with the control group (P<0.05; Fig. 2A and B),
indicating the enhancing effect of the pCI-CUL4A vector and
inhibiting function of the siRNA on CUL4A expression in
liver cancer cell lines.

Effect of CUL4A on liver cancer cell proliferation. The
present study analyzed the differences in cell proliferation
ability among the control, overexpression and siRNA groups.
The CCK-8 detection assay indicated that the proliferation
index of the overexpression group was higher compared
with the control group, while the index of the siRNA group

was significantly lower compared with the control group,
indicating that the expression of CUL4A may be essential for
liver cancer cell proliferation and downregulation of CUL4A
expression may inhibit the proliferation ability of liver cancer
cells (Fig. 3A).

In addition, the effects of CUL4A overexpression and
CULA4A-siRNA on the cell cycle of HEPG2 and MHCC97-H
cancer cells were analyzed by fluorescence-activated cell
sorting. The results demonstrated that compared with the
control group, CUL4A overexpression reduced the percentage
of G,/G, phase and increased the percentage of S phase
MHCC97-H cells (P<0.05; Fig. 3B and C), but exhibited no
notable effects in HEPG2 cells (Fig. 3B and C). Conversely,
treatment with CUL4A-siRNA increased the percentage of
G,/G;, phase cells and decreased the percentage of S phase and
G2/M phase cells compared with the control group (P<0.05;
Fig. 3B and C), therefore inhibiting cell proliferation ability in
both liver cancer cell lines.

Effect of CUL4A on liver cancer cell apoptosis. The
degree of cell apoptosis in different groups was further
analyzed with Annexin V-FITC/PI double staining in
the present study. In the HEPG2 and MHCC97-H cell
lines, the downregulation of CUL4A expression led to
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Figure 2. Evaluation of CUL4A overexpression and CUL4A knockdown in human liver cancer cell lines. The expression of CUL4A in control, overexpression
and siRNA groups was evaluated by (A) reverse transcription-quantitative polymerase chain reaction and (B) western blotting in HEPG2 and MHCC97-H
liver cancer cell lines. Similar results were obtained in three independent experiments. Results are presented as the mean + standard error of the mean. "P<0.05

vs. control group. CUL4A, cullin 4A; siRNA, small interfering RNA.

an increased percentage of early-stage apoptotic cells
(Annexin V-FITC-positive and PI-negative cells; P<0.05)
and late-stage apoptotic cells (Annexin V-FITC-positive and
PI-positive cells; P<0.05) compared with the control group
(Fig. 4A and B). Additionally, CUL4A overexpression only
decreased the percentage of late-stage apoptotic cells in
MHCC97-H cells weakly (P<0.05), with no notable altera-
tions induced by CUL4A overexpression in HEPG2 cells
(Fig. 4A and B).

CUL4A promotes liver cancer cell migration and invasion.
The present study also analyzed the variations in cell migra-
tion and invasion ability among the different treatment groups.
The same tendencies were observed for the results of both

evaluations. CUL4A overexpression increased cell migration
and invasion ability in the two liver cancer cell lines and the
CUL4A-siRNA group exhibited a significant reduction in
cell migration and invasion ability, compared with the control
group (P<0.05; Fig. 5A and B). These results indicated a key
role of CUL4A in liver cancer migration and invasion.

As EMT has been regarded as the key process in cancer
cell migration and invasion (24), the expression of certain
key genes associated with EMT was analyzed by western
blotting to confirm the effect of CUL4A in HEPG2 cells.
The present study demonstrated that the protein expression
of epithelial genes (E-cadherin, Cldn3, Ocln and Epcam) was
upregulated in the CUL4A-siRNA group and the expression
of mesenchymal genes (N-cadherin, Snail, Slug and vimentin)
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Figure 4. Cell apoptosis analysis in HEPG2 and MHCC97-H liver cancer cells

using Annexin V-FITC/PI staining and flow cytometry. (A) Cell apoptosis

analysis by flow cytometry. Early-stage apoptotic cells are presented in the lower right quadrants (Annexin V-FITC positive and PI negative) and late-stage
apoptotic cells are presented in the upper right quadrants (Annexin V-FITC and PI positive) (B) Calculated apoptotic rate (%) of early and late stage apoptotic

cells. Similar results were obtained in three independent experiments. Results
isothiocyanate; PI, propidium iodide; siRNA, small interfering RNA.

was reduced in the CUL4A siRNA group (P<0.05; Fig. 5C),
compared with the control group, indicating that CUL4A may
affect liver cancer cell migration and invasion by regulating
EMT. However, the overexpression of CUL4A exhibited few
effects on the expression of most mesenchymal or epithelial
genes.

Discussion

Previous studies have indicated that CUL4A serves an impor-
tant function in the progression of various cancer types (10,12).
However, to the best of our knowledge, previous studies have
not extensively investigated the role of CUL4A in human
liver cancer. Recently, an inverse correlation was reported
between the expression of CUL4A and patient survival, and a
positive correlation with lymphatic and venous invasion (13).
In addition, the expression of CUL4A in liver cancer tissues
was associated with patient HBeAg status, and knockdown of
CULA4A ameliorated the motility of liver cancer cell lines by

are presented as the mean + standard error of the mean. FITC, fluorescein

regulating the expression of EMT-associated molecules (13).
Recently, another group identified that a novel IncRNA,
uc.134, may repress liver cancer progression by inhibiting
the CUL4A-mediated ubiquitination of the LATSI protein,
indicating that the application of uc.134 IncRNA may offer
a promising treatment approach for liver cancer and that
CUL4A may have an important role in liver cancer progres-
sion (14). In the present study, CUL4A was observed to exhibit
increased expression in human liver cancer tissues compared
with in paracancerous tissues. In addition, the inhibition of
CULA4A using siRNA led to the reduction of cell proliferation,
cell migration and invasion, and enhanced the percentage of
cell apoptosis, indicating the key function of CUL4A in liver
cancer progression.

However, a detailed understanding of the molecule
mechanism of CUL4A function in human liver cancer
remains unclear. For example, further investigation is required
to determine why the expression level of CUL4A may be
upregulated in liver cancer. Numerous complex genetic and
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Figure 5. Cell migration and invasion assay. The effects of CUL4A overexpression and CUL4A knockdown on (A) cell migration and (B) invasion ability
in HEPG2 and MHCC97-H liver cancer cells. (C) Western blot analysis of key proteins expressed during epithelial-mesenchymal transition in HEPG2 liver
cancer cells. Similar results were obtained in three independent experiments under a light microscope (magnification, x100). Results are presented as the
mean = standard error of the mean. "P<0.05 vs. control group. CUL4A, cullin 4A; siRNA, small interfering RNA; Cldn3, claudin 3; Ocln, occludin; Epcam,

epithelial cell adhesion molecule.

epigenetic alterations were previously reported in hepatocytes
during liver cancer progression, and those alterations led to
transformation of normal hepatocytes and resulted in hepato-
carcinogenesis (6). Thus, other factors may contribute to the
upregulation of CUL4A in liver cancer progression. HBV
infection has been considered as the most important cause of
liver cancer worldwide. Recently, one study indicated that the
majority of liver cancer cases were HBsAg-positive and that
HBYV infection directly upregulated the expression of CUL4A
in liver cancer cells, indicating the regulatory role of HBV on

the expression of CUL4A (13). However, the exact mechanisms
underlying the function of HBV in CUL4A regulation require
in vitro and in vivo investigation.

In present study, the results demonstrated that CUL4A
overexpression increased the proliferation of human liver
cancer cell lines, while the downregulation of CUL4A
suppressed cell proliferation and enhanced cell apoptosis.
However, different cell lines revealed different results in the
present study. For example, CUL4A overexpression increased
the percentage of S phase and reduced the percentage of G,/G,
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cells, and decreased the percentage of late-stage apoptotic
cells in MHCC97-H cells, but demonstrated no notable
effects in HEPG2 cells. These varying effects require further
investigation. Thus, the basal expression levels of CUL4A in
various cell lines may be different and cancer cells with high
expression levels of CUL4A may exhibit a certain degree of
tolerance to CUL4A overexpression. However, investigation of
additional cell lines is required to confirm this hypothesis, as
well as the mechanism underlying this phenomenon.

CULA4A overexpression did not result in significant altera-
tion of mesenchymal or epithelial gene expression. However,
CULA4A overexpression significantly increased cell migration
and invasion ability in the two liver cancer cell lines. This may
be due to the high expression of mesenchymal genes and low
expression of epithelial genes that is typically observed in liver
cancercelllines(25-27). Therefore, CUL4A overexpression may
have been unable to increase mesenchymal or decrease epithe-
lial gene expression further. However, CUL4A overexpression
still increased cell viability by promoting cell proliferation and
inhibiting cell apoptosis. Cell migration and invasion ability
was also promoted, likely through other signaling pathways.
This hypothesis requires further investigate to elucidate the
mechanisms of CUL4A overexpression on migration, invasion
and viability.

The present study confirmed the association between the
expression of CUL4A and human liver cancer, and indicated
that CUL4A may represent a novel target in the treatment of
human liver cancer. Further analysis for each pathway associ-
ated with CUL4A expression and an enhanced understanding
of the regulatory mechanism of those genes in various cancer
cells may contribute to the development of novel drugs or gene
therapy methods for the treatment of patients with liver cancer
and potentially other types of cancer.

In conclusion, the present study indicated that the mRNA
and protein expression levels of CUL4A were markedly higher
in human liver cancer tissues compared with human paracan-
cerous tissues. The overexpression of CUL4A in human liver
cancer cells increased the cell proliferation, cell migration and
invasion, and reduced the percentage of cell apoptosis, while
CULA4A knockdown exhibited opposing effects. The results
of the present indicated the key function of CUL4A expres-
sion in liver cancer, as well as the potential of CUL4A in the
diagnosis and treatment of human liver cancer.
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