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Abstract. The major aim of the present study was to explore 
the effects of cullin 4B (CUL4B) on the proliferation and 
invasion of human gastric cancer cells. Gastric tumor tissues 
and paired adjacent non-tumor tissues were obtained from 
21 gastric cancer patients, and gastric cancer cell lines (AGS, 
MGC-803, KATO-III, MKN-45, SGC-7901, BGC-823 and 
MKN-74) were cultured. BGC-823 cells were transfected 
with CUL4B small interfering (si)RNA or control siRNA. 
Reverse transcription-quantitative polymerase chain reaction 
analysis was performed to detect the mRNA expression of 
CUL4B. Western blot analysis was performed to measure 
the protein levels of Wnt, β-catenin, glutathione synthase 
kinase (GSK)-3β, caspase-3 and cyclin E. MTT and Transwell 
assays were performed to examine cell proliferation and inva-
sion following CUL4B knockdown. In addition, the effect 
of CUL4B knockdown on the cell cycle and apoptosis of 
BGC‑823 cells was evaluated by flow cytometric analysis. The 
results indicated that compared with the adjacent non-tumor 
tissues and a normal gastric epithelial cell line, gastric cancer 
tissues and cell lines exhibited significantly higher expression 
of CUL4B. Knockdown of CUL4B in gastric cancer cells 
suppressed cell proliferation, caused G1 arrest and inhibited 
cell invasion. Silencing of CUL4B also resulted in decreased 
Wnt and β-catenin expression, but increased expression of 
GSK-3β, caspase-3 and cyclin E. These results indirectly 
demonstrate that CUL4B enhances the proliferation and 
invasion abilities of gastric cancer cells by upregulating the 
constituent factors Wnt and β-catenin, as well as by negatively 
regulating the mRNA and protein expression of GSK-3β, 
caspase-3 and cyclin E. The potential mechanism of CUL4B 

highlighted in the present study may be helpful for the treat-
ment of patients with gastric cancer.

Introduction

Gastric cancer (GC) is one of the most common cancer types 
and the second leading cause of cancer-associated death 
worldwide (1). More than 70% of GC cases occur in developing 
countries, Eastern Asia has half the world's total cases of GC, 
with 42% of all GC cases occurring in China (2,3). Thus, GC 
represents a considerable burden particularly among Chinese 
populations, and there is an urgent requirement to identify an 
effective method of treating GC.

Cullin 4B (CUL4B) is the largest in the class of 
Cullin-RING E3 ubiquitin ligases (CRLs), and is regarded 
as the scaffolding protein in modular CRLs. It has been 
reported to be upregulated in most human cancers, including 
cervical, colorectal and hepatocellular carcinomas (4). 
CUL4B participates in the regulation of a broad spectrum of 
biological processes (5). Previous studies have indicated that 
CUL4B has a significant role in numerous aspects of cellular 
activity (6). For instance, CUL4B was demonstrated to regu-
late the intracellular dioxin-dependent receptor signaling 
pathway (7). CUL4B mutant carrier-derived cells are induced 
upon degradation and ubiquitination of camptothecin by the 
presence of topoisomerase I (8). In addition, CUL4B accu-
mulates in the nucleus during cell differentiation, and its 
knockdown increases β-catenin levels in various rodent cell 
types (9,10). CUL4B has also been identified to downregulate 
cyclin E (11,12). Jiang et al (4) demonstrated that CUL4B 
may serve as a novel prognostic marker, it was significantly 
associated with processes involved in colon cancer pathogen-
esis and progression, and to be correlated with the depth of 
invasion, lymph node metastasis, histological differentiation, 
distant metastasis, vascular invasion and advanced tumor 
stage. CUL4B was also reported to promote the proliferation 
and inhibit apoptosis of osteosarcoma cells (13). In addition, 
downregulation of CUL4B reduced the proliferation, colony 
formation and invasiveness of hepatocellular carcinoma 
cells (14). In line with this, another study demonstrated that 
CUL4B promoted tumorigenesis as well as the proliferation 
and invasion of various human cancer types (15). However, the 
biological functions of CUL4B in GC have largely remained 
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elusive. In the present study, the functions of CUL4B in GC 
were investigated.

The Wnt family contains 19 types of secreted 
glycoprotein, which primarily transmit signals through 
7-pass trans-membrane receptors of the frizzled family (16). 
β-catenin forms part of the canonical Wnt signaling pathway 
(Wnt/β-catenin pathway), and together they regulate various 
cellular activities including the cell cycle, communication, 
differentiation and apoptosis (17). Recent studies have indi-
cated that the β-catenin signaling pathway in glioma cells is 
involved in tumor cell development (18-20).

Glycogen synthase kinase-3β (GSK-3β) is one of a wide 
range of cellular serine/threonine kinases that are involved in 
regulating Wnt/β-catenin signaling (21,22). It was revealed that 
the inhibition of GSK-3β activates Wnt and β-catenin signaling 
via dephosphorylation, and that GSK-3β acts as an inhibitor in 
the Wnt signaling pathway (23). Another study suggested that 
GSK-3β has a key role in this interaction, since it is a negative 
regulator of β-catenin and a positive regulator of nuclear 
factor (NF)-κB by targeting the proteasome degradation of the 
primary inhibitor of NF-κB, IκB (24).

Caspase-3 is a key enzyme that induces apoptosis during 
ontogenesis and homeostasis of multicellular organisms. It is 
an important potential drug target in the treatment of apoptosis 
disturbance (25). Activated caspase-9 cleaves pro-caspase-3 
into its active form, which induces cell apoptosis (26). The 
activities of caspase-3 and caspase-9 were demonstrated 
to be increased in the GC cell lines SGC7901/ADR (27). 
Upregulation of cleaved (c)-caspase-3 and c-caspase-9 and 
suppression of glutathione synthase kinase (GSK)-3 have also 
been observed in ganetespib-treated cells (28).

Cyclin E alterations are associated with the pathogen-
esis of numerous cancer types (29-31). Several studies have 
demonstrated that knockdown of CUL4B induces a significant 
accumulation of cyclin E (12) and a prolonged the S phase, 
leading to inhibition of cell proliferation. Together, these 
studies suggest that CUL4B may target cyclin E degradation 
to inhibit cell proliferation (11).

Therefore, the present study investigated the potential 
role of CUL4B in the proliferation and invasion of GC cells 
through regulating the expression of Wnt/β-catenin, GSK-3β, 
caspase-3 and cyclin E with the aim of providing an under-
standing of the mechanisms of CUL4B in GC progression. 
The results may contribute to the improvement of therapeutic 
strategies for GC.

Materials and methods

Ethics statement. All experimental protocols were in accor-
dance with the principles of the Helsinki Declaration and 
approved by the Clinical Research Ethics Committee of the 
Affiliated Jianhu Hospital of Nantong University (Nantong, 
China). Prior to enrolment, written informed consent was 
obtained from all patients.

Paired gastric tumor tissues and adjacent non-tumor tissues 
were surgically extracted from 21 patients at the Affiliated 
Jianhu Hospital of Nantong University (Nantong, China) from 
March 2014 to February 2017. All tissues were derived from 
patients without adjuvant therapy to avoid treatment-induced 
effects on gene expression. The adjacent non-tumor tissues 

were extracted at least 3 cm away from the apparent edge of 
the tumor tissues. After extraction, all clinical samples were 
immediately snap-frozen in liquid nitrogen and maintained at 
‑80˚C until RNA extraction.

GC cell lines, culture and clinical samples. Three GC cell 
lines, AGS, MGC-803 and KATO-III, were purchased from 
the American Type Culture Collection (Manassas, VA, 
USA). A further four GC cell lines, MKN-45, SGC-7901, 
BGC-823 and MKN-74, and the normal gastric epithelial cell 
line GES-1, were purchased from the Chinese Academy of 
Sciences Type Culture Collection (Shanghai, China). All cell 
lines were cultured in Dulbecco's modified Eagle's medium 
(DMEM; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) supplemented with 10% fetal bovine serum (FBS; 
Invitrogen; Thermo Fisher Scientific, Inc.) in a tissue culture 
incubator with 5% CO2 at 37˚C.

Lentiviral transfection of CUL4B small interfering (si)RNA. 
In the present study, 7 different GC cell lines were selected to 
examine the tumor-suppressant effect of siRNA against CUL4B 
in GC. The reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR) results indicated that the expression of 
CULB4 was highest in BGC-823 cells, so that this cell line 
was used for the subsequent knockdown experiments.

Lentiviruses expressing CUL4B siRNA or control siRNA 
were purchased from Sunbio Medical Biotechnology Co., Ltd. 
(Shanghai, China). BGC-823 cells, 100 pmol lentivirus and 
8 µg/ml polybrene were added into the culture medium at a 
multiplicity of infection (MOI) of 10-15. Following incubation 
overnight, the medium was replenished with normal medium. 
Cell cultures were maintained for another 5-7 days to stabilize 
the lentiviral transduction. Subsequently, the transduction 
efficiency was verified by RT‑qPCR.

RNA extraction and RT‑qPCR. Total RNA was extracted 
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.). 
RNA was reverse-transcribed into complementary (c)DNA 
using a High-Capacity cDNA Reverse Transcription Kit 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). Real‑time 
qPCR was performed using the TaqMan Gene Expression 
Assay (Applied Biosystems; Thermo Fisher Scientific, Inc.), 
according the manufacturer's protocol, to detect relative 
mRNA expression levels of CUL4B, Wnt, β-catenin, GSK-3β, 
caspase-3 and cyclin E. The reaction conditions were set as 
follows: Initial denaturation at 95˚C for 10 min, followed by 
32 cycles of denaturation at 95˚C for 15 sec, annealing at 
60˚C for 30 sec and extension at 72˚C for 45 sec. The 2-ΔΔCq 
method (32) was used to calculate relative mRNA expression. 
GAPDH was used as the internal control. All primer sequences 
are presented in Table I.

Flow cytometric analysis. Cells (2x105/2 ml) were seeded in 
6-well plates. Cells were centrifuged after 48 h of transfection 
and fixed with 70% ice‑cold ethanol at 4˚C for 24 h. Next, cells 
were harvested and washed with cold PBS twice [containing 
100 mg/ml RNase A (EN0531; Thermo Fisher Scientific, 
Inc.) and 50 mg/ml propidium iodide (PI)] in the dark for 
30 min at 4˚C. The cell cycle distribution was analyzed 
using a FACScan laser flow cytometer (BD Biosciences, 
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Franklin Lakes, NJ, USA) equipped with CellQuest software 
version 3.1 (BD Biosciences). All experiments were performed 
in triplicate. Similarly, cells were transfected for 48 and 96 h, 
then harvested and suspended in medium at a concentration of 
2x105 cells/2 ml. Annexin V‑fluorescein isothiocyanate (5 µl) 
and PI (5 µl) were added to the cells, followed by incubation 
in the dark at 4˚C for 15 min. Subsequently, cell apoptosis was 
measured using flow cytometry.

Cell proliferation assay. MTT dye is reduced to a blue formazan 
product by respiratory enzymes that are only active in viable 
cells. The amount of blue formazan formed is indicative of cell 
proliferation. Thus, cell proliferation was analyzed using MTT 
as follows: Following transfection in the 6-well plates for 24, 
48 or 72 h, 2,000 BGC-823 cells at the logarithmic growth 
phase were seeded into 96-well plates in 200 µl DMEM and 
20 µl MTT was added to each well, followed by incubation at 
37˚C for a further 4 h. Subsequently, the medium was removed, 
150 µl dimethyl sulfoxide added and the plates were agitated 
in the dark for 10 min. The absorbance value of each well was 
measured at a wavelength of 570 nm.

Transwell migration assay. Transwell inserts pre-coated with 
Matrigel (pore size, 8 µm; BD Biosciences) were used for 
the cell invasion assay. At 48 h after transfection, cells were 
collected for serum starvation and suspended in FBS-free 
RPMI‑1640 cell culture medium (Thermo Fisher Scientific, 
Inc.). A total of 300 µl of a cell suspension (105 cells/ml) was 
added into each of the upper wells of the Transwell invasion 
chamber. RPMI-1640 culture medium with 10% FBS (500 µl) 
was added to the lower chambers. Cells were then incubated 
for 24 h at 37˚C with 5% CO2. Subsequently, cells on the lower 
membrane of the inserts were fixed in 4% paraformaldehyde 
at 4˚C and stained with 0.05% crystal violet for 10 min at 
room temperature. Images of at least four randomly selected 
fields per membrane were captured under a microscope and 
the numbers of invaded cells were quantified using ImageJ 
software version 1.51j8 (National Institutes of Health, 
Bethesda, MD, USA).

Western blot assay. Radioimmunoprecipitation assay lysis 
buffer (Gibco; Thermo Fisher Scientific, Inc.) was used 
to extract the total protein of cells and tissues. The protein 

concentration in samples was measured using a bicinchoninic 
acid assay kit (Keygentec, Nanjing, China) according to the 
manufacturer's protocol. Proteins (30 µg per lane) were sepa-
rated by 10% SDS-PAGE and immediately transferred onto 
polyvinylidene difluoride membranes (FFP33; Beyotime 
Institute of Biotechnology, Haimen, China), which were then 
incubated for 1 h with Tris-buffered saline containing Tween-20 
and 5% skimmed milk. The membranes were incubated with 
primary antibodies against CUL4B (cat. no. ab67035; 1:1,000 
dilution), Wnt (cat. no. ab72583; 1:4,000 dilution), β-catenin 
(cat. no. ab6302; 1:4,000 dilution), GSK-3β (cat. no. ab32391; 
1:5,000 dilution), caspase-3 (cat. no. ab13847; 1:500 dilution), 
cyclin E (cat. no. ab33911; 1:1,500 dilution) and anti-GAPDH 
(cat. no. ab9485; 1:5,000 dilution) (all from Abcam, 
Cambridge, MA, USA) at 4˚C overnight. GAPDH was used 
as the internal control. Subsequently, the membranes were 
incubated with horseradish peroxidase-conjugated anti-mouse 
secondary antibody (cat. no. ab131368; 1:1,000 dilution) and 
anti-rabbit secondary antibody (cat. no. ab191866; 1:1,000 
dilution) at room temperature for 1 h. Then the membranes 
were developed with ECL under the tablet cassette (FFC83; 
Beyotime Institute of Biotechnology). The X‑ray films (FF081; 
Beyotime Institute of Biotechnology) were scanned with HP 
Scanjet G3110 and the ImageJ analysis software version 1.51j8 
(National Institutes of Health) was used to quantify protein 
expression. Relative expression was calculated by comparison 
with the internal reference protein. Each experiment was 
performed three times.

Statistical analysis. Data analyses were performed using 
SPSS software version 21.0 (IBM Corp., Armonk, NY, USA). 
Values are expressed as the mean ± standard deviation and 
were determined to follow a normal distribution. Therefore, 
the differences between two groups were analyzed using 
Student's t-test, while differences between multiple groups 
were assessed by one-way analysis of variance followed by the 
Dunnett's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

CUL4B expression in tissue samples from GC patients and 
adjacent control samples, 7 GC cell lines and a normal cell 

Table I. Primers used for quantitative polymerase chain reaction.

Gene Forward primer (5'-3')  Reverse primer (5'-3')

CUL4B CAAACGGCCTAGCCAAATCTT CAGTTTTTGCCAGGTTTCATCTG
GSK-3β AGACGCTCCCTGTGATTTATGT CCGATGGCAGATTCCAAAGG
Caspase-3 AGAGGGGATCGTTGTAGAAGTC ACAGTCCAGTTCTGTACCACG
Wnt AGGTTCCATCGAATCCTGCAC CATCTCGGAGAATACGGTCGT
S-catenin ATTGAAGCTGAGGGAGCCAC TCCTGGCCATATCCACCAGA
Cyclin E CAATGACCCCGCACGATTTC CATGGAGGGCGGATTGGAA
GAPDH ATCATCCCTGCCTCTACTGG GTCAGGTCCACCACTGACAC

GSK, glutathione synthase kinase; CUL4B, cullin 4B.
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line. First, the CUL4B mRNA levels in tissue samples from GC 
patients and adjacent control tissues (n=21) were quantified. It 
was identified that CUL4B levels were significantly elevated 
in the GC tissues compared with those in the controls (P<0.01; 
Fig. 1A). Based on these results, the following experiments 
focused on the expression of CULB in cell lines in vitro to 
explore its role and the underlying mechanisms. CUL4B mRNA 
expression was therefore detected in different cell lines. The 
RT-qPCR results indicated an apparent increase in CUL4B 
expression in the GC cell lines (AGS, MGC-803, KATO-III, 
MKN-45, SGC-7901, BGC-823 and MKN-74) compared with 
that in the GES-1 cell line (P<0.05 or P<0.01; Fig. 1B). The 
BGC-823 cell line exhibited the most marked overexpression 
of CUL4B, and thus, BGC-823 cells were selected for subse-
quent experiments.

Effect of CUL4B siRNA on multiple malignant phenotypes of 
BGC‑823 cells. The results of RT-qPCR indicated a marked 
reduction in CUL4B mRNA levels in the CUL4B siRNA 
group when compared with those in the NC and control siRNA 
groups (P<0.01; Fig. 2A).

The MTT assay revealed that CUL4B siRNA-transfected 
BGC‑823 cells exhibited a significantly decreased growth rate 
compared with that of the control siRNA-transfected cells 
and NC cells (P<0.05 at 24 h, P<0.01 at 48-72 h; Fig. 2B). 

Therefore, knockdown of CUL4B was indicated to markedly 
reduce the proliferation/survival rate of BGC-823 cells.

To explore possible mechanisms via which CUL4B 
knockdown reduces BGC-823 cell proliferation, the effect of 
CUL4B siRNA on the apoptotic rate of BGC-823 cells was 
determined. The results indicated that the early apoptotic 
rate was significantly higher when CUL4B was inhibited in 
BGC-823 cells (P<0.01, CUL4B siRNA vs. NC and siRNA 
control; Fig. 3). Subsequently, the distribution of cells within 
cell cycle stages (G1, S and G2 phases) was determined by 
flow cytometry. Cells treated with CUL4B siRNA exhib-
ited a significant increase in the percentage of cells in the 
G1 phase and a decrease in the percentage of cells in the 
S phase (P<0.01; Fig. 4), but the G2 phase population was not 
significantly different among the three groups. These results 
suggested that knockdown of CUL4B promoted cell prolifera-
tion by inhibiting the cell cycle and inducing apoptosis.

The invasive ability of BGC-823 cells transfected with 
CUL4B siRNA decreased when compared with that of the 
cells in the NC and control siRNA groups (P<0.01; Fig. 5). 
These results indicated that CUL4B has a key role in the 
progression of GC.

Expression of Wnt/β‑catenin, GSK‑3β, caspase‑3 and cyclin E 
in BGC‑823 cells. The effect of CUL4B on the expression 
of Wnt/β-catenin, GSK-3β, caspase-3 and cyclin E was then 
assessed in order to investigate the mechanism by which 
CUL4B is involved in the growth and migration of GC cells. As 
presented in Figs. 6 and 7, western blot analysis and RT-qPCR 
revealed that the expression of Wnt and β‑catenin was signifi-
cantly decreased at the mRNA and protein level following 

Figure 1. Reverse transcription-quantitative polymerase chain reaction anal-
ysis was used to detect the expression of CUL4B in GC tissues and adjacent 
normal tissues. (A) The mRNA expression of the CUL4B gene in the gastric 
tumor tissue was increased **P<0.01, tumor vs. normal. (B) The mRNA levels 
of CUL4B were increased in the GC cell lines AGS, MGC-803, KATO-III, 
MKN-45, SGC-7901, BGC-823 and MKN-74 compared with those in the 
normal gastric epithelial cell line GES-1. *P<0.05, **P<0.01, ***P<0.001 vs. 
GES-1. GC, gastric cancer; CUL, cullin.

Figure 2. (A) CUL4B gene expression in BGC‑823 cells was significantly 
decreased in the CUL4B siRNA group. (B) The proliferation rate of BGC-823 
cells in the CUL4B siRNA group was inhibited when compared with that 
in the NC group. Values are expressed as the mean ± standard deviation of 
three independent experiments. *P<0.05, **P<0.01, CUL4B siRNA vs. NC 
and control siRNA. NC, negative control; siRNA, small interfering RNA; 
CUL, cullin.
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Figure 4. (A) Changes in the cell cycle distribution of BGC-823 cells in the CUL4B knockdown group in the G1, S and G2/M phase. (B) Compared with the 
NC group, the BGC-823 cell cycle distribution exhibited an increase in the G1 phase and a decrease in the S phase population. **P<0.01, CUL4B siRNA vs. 
NC and control siRNA. CUL, cullin; NC, negative control; siRNA, small interfering RNA; PI, propidium iodide.

Figure 3. Downregulation of the CUL4B gene promotes apoptosis of BGC-823 cells. After staining with Annexin V-FITC and PI, apoptotic cells were 
analyzed using a flow cytometer. The percentages of apoptotic cells (in Q2 and Q4) were displayed in the bar graph. Annexin V assay was performed three 
times and values are expressed as the mean ± standard deviation of three independent experiments. **P<0.01, CUL4B siRNA vs. NC and control siRNA. CUL, 
cullin; NC, negative control; siRNA, small interfering RNA; FITC, fluorescein isothiocyanate; PI, propidium iodide; Q, quadrant.
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CUL4B knockdown. By contrast, significant increases in the 
protein and mRNA levels of GSK-3β, caspase-3 and cyclin E 

were observed following knockdown of CUL4B. These 
results indicated that CUL4B exerts its effects in BGC-823 

Figure 6. Knockdown of CUL4B decreases the protein expression of Wnt and β-catenin and causes an upregulation of the protein expression of GSK-3β, 
caspase-3 and cyclin E in BGC-823 cells. **P<0.01, CUL4B siRNA vs. NC and control siRNA. CUL, cullin; NC, negative control; siRNA, small interfering 
RNA; GSK, glutathione synthase kinase.

Figure 5. Lack of CUL4B suppressed BGC‑823 cell migration. (A) Representative images of Transwell membranes (magnification, x200; stain 0.05% crystal 
violet) and (B) quantification of migrated cells in each group. Values are expressed as the mean ± standard deviation of three independent experiments. 
**P<0.01, CUL4B siRNA vs. NC and control siRNA. CUL, cullin; NC, negative control; siRNA, small interfering RNA.
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cells at least in part by regulating the Wnt/β-catenin signaling 
pathway. CUL4B was indicated to regulate downstream 
proteins, including GSK-3β, caspase-3 and cyclin E.

Discussion

GC is a heterogeneous, multifactorial disease. The incidence 
and mortality rate of GC in East Asia (Japan, China and 
Korea) displays geographic variations (33). GC is the second 
most frequently diagnosed cancer type and the third leading 
cause of cancer-associated death in China (34). There is an 
urgent requirement to reduce the mortality rate of GC patients 
by developing effective treatment strategies.

The present study identified higher levels of CUL4B in GC 
tissues and cell lines compared with those in adjacent normal 
tissues and normal cells. CUL4B overexpression has been 
reported in several types of solid tumor, including osteosar-
coma, as well as esophageal, lung, gastric, colon, pancreatic 
and cervical carcinomas (15). The present study assessed 
the effect of CUL4B knockdown on GC cells via CUL4B 
siRNA transfection of BGC‑823 cells. It was identified that 
CUL4B knockdown led to an increased expression of GSK-3β, 
caspase-3 and cyclin E, but decreased expression of Wnt and 
β-catenin. The results also demonstrated that knockdown of 
CUL4B inhibited BGC-823 cell proliferation and invasion 
and significantly induced apoptosis. These results suggest 
that silencing of the CUL4B gene may be of valuable in the 
treatment of human GC.

Evidence of the carcinogenicity of CUL4B is accumulating. 
CUL4B may contribute to GC by activating Wnt/β-catenin 
signaling, via suppression of Wnt pathway antagonists and 
inhibition of GSK-3β-mediated β-catenin degradation (35). 
Abnormal activation of Wnt/β-catenin signaling has been 
reported to be closely associated with carcinogenesis in various 
cancer types (36). Silencing of CUL4B gene expression was 

reported to effectively inhibit osteosarcoma cell proliferation 
and induce apoptosis (13), and to result in the ubiquitination of 
β-catenin leading to its rapid degradation (37).

Previous studies have indicated that astragalin induces 
apoptosis in A375P and SK-MEL-2 melanoma cells via acti-
vation of caspase-9/3 and inhibition of Sry-related HMg-Box 
gene 10 signaling (38). The present study indicated that knock-
down of CUL4B results in the upregulation of caspase-3. It 
is well known that caspase-3 (and its cleavage) has a role in 
apoptosis, and it was demonstrated that apoptosis was induced 
by knockdown of CULB4, so there is probably a link between 
the two observations. The results of the present study demon-
strated that caspase-3 has an important role in the apoptosis 
and progression of GC cells.

Cell proliferation is mainly regulated by the cell cycle, 
which has been formally divided into distinct sequential phases 
(G0/G1, S, G2 and M) (39). It has been demonstrated that 
GSK-3β degrades cyclin D1 (40,41). The results of the present 
study indicated that CUL4B siRNA reduced the proliferation 
of BGC-823 cells by inducing cell cycle arrest in G1 phase. 
In addition, the apoptotic rate was significantly increased 
following CUL4B knockdown, and the invasive capacity of 
the cells was reduced. The molecular mechanism of the effects 
CUL4B silencing was indicated to involve upregulation of 
the expression of GSK-3β, caspase-3 and cyclin E, as well as 
downregulation of Wnt and β-catenin expression levels. The 
present results suggest that CUL4B siRNA has potential appli-
cations in the treatment of GC.

In conclusion, the present study investigated the biological 
function of the CUL4B gene in GC and proposed a possible 
mechanism based on previous studies. It enhanced the current 
knowledge regarding the role of CUL4B in tumorigenesis. 
However, further study is required to define the mechanisms 
by which cullin proteins are involved in gastric tumorigen-
esis and oncogenesis. The present results may contribute 

Figure 7. Similar to the effect on protein expression, reverse transcription-quantitative polymerase chain reaction analysis indicated that knockdown of CUL4B 
decreased the mRNA expression of Wnt and β-catenin but increased the mRNA levels of GSK-3β, caspase-3 and cyclin E in BGC-823 cells. **P<0.01, CUL4B 
siRNA vs. NC and control siRNA. CUL, cullin; NC, negative control; siRNA, small interfering RNA; GSK, glutathione synthase kinase.
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to the development of novel diagnostic and therapeutic 
strategies for GC.

References

 1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J and 
Jemal A: Global cancer statistics, 2012. CA Cancer J Clin 65: 
87-108, 2015.

 2. Yang L: Incidence and mortality of gastric cancer in China. 
World J Gastroenterol 12: 17-20, 2006.

 3. Fock KM and Ang TL: Epidemiology of Helicobacter pylori 
infection and gastric cancer in Asia. J Gastroenterol Hepatol 25: 
479-486, 2010.

 4. Jiang T, Tang HM, Wu ZH, Chen J, Lu S, Zhou CZ, Yan DW and 
Peng ZH: Cullin 4B is a novel prognostic marker that correlates 
with colon cancer progression and pathogenesis. Med Oncol 30: 
534, 2013.

 5. Petroski MD and Deshaies RJ: Function and regulation of 
cullin-RING ubiquitin ligases. Nat Rev Mol Cell Biol 6: 9-20, 
2005.

 6. Liu HC, Enikolopov G and Chen Y: Cul4B regulates neural 
progenitor cell growth. BMC Neurosci 13: 112, 2012.

 7. Ohtake F, Baba A, Takada I, Okada M, Iwasaki K, Miki H, 
Takahashi S, Kouzmenko A, Nohara K, Chiba T, et al: Dioxin 
receptor is a ligand-dependent E3 ubiquitin ligase. Nature 446: 
562-566, 2007.

 8. Kerzendorfer C, Whibley A, Carpenter G, Outwin E, Chiang SC, 
Turner G, Schwartz C, El-Khamisy S, Raymond FL and 
O'Driscoll M: Mutations in Cullin 4B result in a human 
syndrome associated with increased camptothecin-induced 
topoisomerase I-dependent DNA breaks. Hum Mol Genet 19: 
1324-1334, 2010.

 9. Tripathi R, Kota SK and Srinivas UK: Cullin4B/E3-ubiquitin ligase 
negatively regulates beta-catenin. J Biosci 32: 1133-1138, 2007.

10. Tripathi R, Sastry KS, Kota SK and Srinivas UK: Cloning 
and characterization of mouse cullin4B/E3 ubiquitin ligase. 
J Biosci 30: 329-337, 2005.

11. Zou Y, Mi J, Cui J, Lu D, Zhang X, Guo C, Gao G, Liu Q, Chen B, 
Shao C and Gong Y: Characterization of nuclear localization 
signal in the N terminus of CUL4B and its essential role in 
cyclin E degradation and cell cycle progression. J Biol Chem 284: 
33320-33332, 2009.

12. Higa LA, Yang X, Zheng J, Banks D, Wu M, Ghosh P, Sun H 
and Zhang H: Involvement of CUL4 Ubiquitin E3 ligases in 
Regulating CDK inhibitors Dacapo/p27Kip1 and cyclin E degra-
dation. Cell Cycle 5: 71-77, 2006.

13. Chen Z, Shen BL, Fu QG, Wang F, Tang YX, Hou CL and 
Chen L: CUL4B promotes proliferation and inhibits apoptosis 
of human osteosarcoma cells. Oncol Rep 32: 2047-2053, 2014.

14. Yuan J, Han B, Hu H, Qian Y, Liu Z, Wei Z, Liang X, Jiang B, 
Shao C and Gong Y: CUL4B activates Wnt/β-catenin signalling 
in hepatocellular carcinoma by repressing Wnt antagonists. 
J Pathol 235: 784-795, 2015.

15. Hu H, Yang Y, Ji Q, Zhao W, Jiang B, Liu R, Yuan J, Liu Q, Li X, 
Zou Y, et al: CRL4B catalyzes H2AK119 monoubiquitination 
and coordinates with PRC2 to promote tumorigenesis. Cancer 
Cell 22: 781-795, 2012.

16. Liebner S and Plate KH: Differentiation of the brain vasculature: 
The answer came blowing by the Wnt. J Angiogenes Res 2: 1, 2010.

17. Liebner S, Czupalla CJ and Wolburg H: Current concepts of 
blood-brain barrier development. Int J Dev Biol 55: 467-476, 
2011.

18. Ji H, Wang J, Nika H, Hawke D, Keezer S, Ge Q, Fang B, Fang X, 
Fang D, Litchfield DW, et al: EGF-Induced ERK activation promotes 
CK2-mediated disassociation of alpha-catenin from beta-catenin 
and transactivation of beta-catenin. Mol Cell 36: 547-559, 2009.

19. Sareddy GR, Panigrahi M, Challa S, Mahadevan A and Babu PP: 
Activation of Wnt/beta-catenin/Tcf signaling pathway in human 
astrocytomas. Neurochem Int 55: 307-317, 2009.

20. Sareddy GR, Challa S, Panigrahi M and Babu PP: 
Wnt/beta-catenin/Tcf signaling pathway activation in malig-
nant progression of rat gliomas induced by transplacental 
N-ethyl-N-nitrosourea exposure. Neurochem Res 34: 1278-1288, 
2009.

21. Korur S, Huber RM, Sivasankaran B, Petrich M, Morin P Jr, 
Hemmings BA, Merlo A and Lino MM: GSK3beta regulates 
differentiation and growth arrest in glioblastoma. PLoS One 4: 
e7443, 2009.

22. Itoh T, Kamiya Y, Okabe M, Tanaka M and Miyajima A: Inducible 
expression of Wnt genes during adult hepatic stem/progenitor cell 
response. FEBS Lett 583: 777-781, 2009.

23. Ji XK, Xie YK, Zhong JQ, Xu QG, Zeng QQ, Wang Y, Zhang QY 
and Shan YF: GSK-3β suppresses the proliferation of rat hepatic 
oval cells through modulating Wnt/β-catenin signaling pathway. 
Acta Pharmacol Sin 36: 334-342, 2015.

24. Agarwal A, Das K, Lerner N, Sathe S, Cicek M, Casey G and 
Sizemore N: The AKT/IkappaB kinase pathway promotes 
angiogenic/metastatic gene expression in colorectal cancer by 
activating nuclear factor-kappaB and beta-catenin. Oncogene 24: 
1021-1031, 2005.

25. Su D, Hu X, Dong C and Ren J: Determination of caspase-3 
activity and its inhibition constant by combination of fluores-
cence correlation spectroscopy with a microwell chip. Anal 
Chem 89: 9788-9796, 2017.

26. Cowan CM, Thai J, Krajewski S, Reed JC, Nicholson DW, 
Kaufmann SH and Roskams AJ: Caspases 3 and 9 send a 
pro-apoptotic signal from synapse to cell body in olfactory 
receptor neurons. J Neurosci 21: 7099-7109, 2001.

27. Fu Z, Han X, Du J, Han X, Liu W, Shao S and Liu X: Euphorbia 
lunulata extract acts on multidrug resistant gastric cancer cells to 
inhibit cell proliferation, migration and invasion, arrest cell cycle 
progression, and induce apoptosis. J Ethnopharmacol 212: 8-17, 2018.

28. Lee H, Saini N, Parris AB, Zhao M and Yang X: Ganetespib 
induces G2/M cell cycle arrest and apoptosis in gastric cancer 
cells through targeting of receptor tyrosine kinase signaling. Int 
J Oncol 51: 967-974, 2017.

29. Alexander A, Karakas C, Chen X, Carey JP, Yi M, Bondy M, 
Thompson P, Cheung KL, Ellis IO, Gong Y, et al: Cyclin E over-
expression as a biomarker for combination treatment strategies in 
infammatory breast cancer. Oncotarget 8: 14897, 2017.

30. Boueroy P, Hahnvajanawong C, Boonmars T, Saensa-Ard S, 
Anantachoke N, Vaeteewoottacharn K and Reutrakul V: Antitumor 
efect of forbesione isolated from Garcinia hanburyi on cholangio-
carcinoma in vitro and in vivo. Oncol Lett 12: 4685-4698, 2016.

31. Li W, Zhang G, Wang HL and Wang L: Analysis of expression of 
cyclin E, p27kip1 and Ki67 protein in colorectal cancer tissues 
and its value for diagnosis, treatment and prognosis of disease. 
Eur Rev Med Pharmacol Sci 20: 4874-4879, 2016.

32. Butt AM, Raja AJ, Siddique S, Khan JS, Shahid M, Tayyab GU, 
Minhas Z, Umar M, Idrees M and Tong Y: Parallel expression 
profiling of hepatic and serum microRNA‑122 associated with 
clinical features and treatment responses in chronic hepatitis C 
patients. Sci Rep 6: 21510, 2016.

33. Parkin DM, Whelan SL, Ferlay J, Teppo L and Thomas DB: Cancer 
Incidence in Five Continents Vol. VIII. IARC Sci Publ: 1-781, 2002.

34. Lin Y, Ueda J, Kikuchi S, Totsuka Y, Wei WQ, Qiao YL and 
Inoue M: Comparative epidemiology of gastric cancer between 
Japan and China. World J Gastroenterol 17: 4421-4428, 2011.

35. Yuan J, Han B, Hu H, Qian Y, Liu Z, Wei Z, Liang X, Jiang B, 
Shao C and Gong Y: CUL4B activates Wnt/β-catenin signalling 
in hepatocellular carcinoma by repressing Wnt antagonists. 
J Pathol 235: 784-795, 2015.

36. Guichard C, Amaddeo G, Imbeaud S, Ladeiro Y, Pelletier L, 
Maad IB, Calderaro J, Bioulac-Sage P, Letexier M, Degos F, et al: 
Integrated analysis of somatic mutations and focal copy-number 
changes identifies keygenes and pathways in hepatocellular 
carcinoma. Nature Genet 44: 694-698, 2012.

37. Aberle H, Bauer A, Stappert J, Kispert A and Kemler R: 
Beta-catenin is a target for the ubiquitin-proteasome pathway. 
EMBO J 16: 3797-3804, 1997.

38. You OH, Shin EA, Lee H, Kim JH, Sim DY, Kim JH, Kim Y, 
Khil JH, Baek NI and Kim SH: Inhibition of Sry-related 
HMg-Box Gene 10. Phytother Res 8, 2017.

39. Goto H, Inoko A and Inagaki M: Cell cycle progression by the 
repression of primary cilia formation in proliferating cells. Cell 
Mol Life Sci 70: 3893-3905, 2013.

40. Liao K, Li J and Wang Z: Dihydroartemisinin inhibits cell 
proliferation via AKT/GSK3β/cyclinD1 pathway and induces 
apoptosis in A549 lung cancer cells. Int J Clin Exp Pathol 7: 
8684-8691, 2014.

41. Shimura T: Acquired radioresistance of cancer and the 
AKT/GSK3β/cyclin D1 overexpression cycle. J Radiat Res 52: 
539-544, 2011.

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International (CC BY-NC-ND 4.0) License.


