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Abstract: Colorectal cancer is one of the leading causes of cancer related deaths worldwide. Cullin 4B (CUL4B)
is over-expressed in diverse cancer types. However, the function and precise molecular mechanism of CUL4B
in colorectal cancer remains largely unknown. Therefore, in this study, we examined the expression of CUL4B in
colorectal cancer cell lines and its effects on cellular proliferation and apoptosis, and the underlying mechanism
was also explored. Our results showed that CUL4B was significantly overexpressed in colorectal cancer cell lines.
Silencing CUL4B obviously inhibited proliferation and tumorigenicity of colorectal cancer cells both in vitro and in
vivo, and it also promoted the apoptosis of colorectal cancer cells. Moreover, knockdown of CUL4B inhibited the
expression of β-catenin, cyclin D1 and c-Myc in colorectal cancer cells. Taken together, these results showed that
knockdown of CUL4B inhibit proliferation and promotes apoptosis of colorectal cancer cells through suppressing the
Wnt/β-catenin signaling pathway. Therefore, CUL4B may represent a novel therapeutic target for colorectal cancer
treatment.
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Introduction
Colorectal cancer is the third leading cause of
cancer associated death in the United States
of America [1] and the second most prevalent
cancer in China. Although the diagnosis and
treatment of colorectal cancer have been
improved in the past years, the efficacy of surgery and chemotherapy remains unsatisfactory. This is largely attributed to a lack of complete understanding of the exact cause and
mechanisms for this malignancy. Therefore,
further understanding of the molecular mechanisms of cancer progression and the development of new therapeutic tools based on these
mechanisms are required.
Cullin-RING ligases (CRLs) complexes comprise
the largest known class of ubiquitin ligases [2].
CRLs regulate diverse cellular processes,
including cell cycle progression, transcription,
signal transduction and development [3]. CRLs

are multisubunit complexes composed of a cullin, RING protein and substrate-recognition subunit, which was linked by an adaptor. Cullin 4B
(CUL4B) is a component of the Cullin 4B-Ring
E3 ligase complex (CRL4B) that functions in
proteolysis [4]. It has been reported that lossof-function mutation in the X-linked CUL4B
causes mental retardation, short statue,
absence of speech and other phenotypes in
humans [5, 6], and Cul4b knockout mice are
embryonically lethal [7]. With regard to cancer,
CUL4B is over-expressed in diverse cancer
types, including osteosarcoma [8], cervical carcinoma [9], hepatocellular carcinoma [10]. Most
recently, Jiang et al reported that CUL4B mRNA
and protein levels in colon cancer tissues were
both higher than that in normal mucosae, and
high CUL4B expression was closely associated
with the depth of tumor invasion, lymph node
metastasis, distant metastasis, histological differentiation, vascular invasion and advanced
tumor stage [11]. The function and precise
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molecular mechanism of CUL4B in colorectal
cancer, however, remains largely unknown.
Therefore, in this study, we examined the
expression of CUL4B in colorectal cancer cell
lines and its effects on cellular proliferation
and apoptosis, and the underlying mechanism
was explored.
Materials and methods
Cell culture
Healthy human colon mucosa cell line
(NCM460) and colorectal cancer cell lines
(SW480, HT-29 and HCT116) were purchased
from American Type Culture Collection (ATCC,
Manassas, VA), and all the cell lines were maintained in Dulbecco’s modified Eagle’s medium
(DMEM; Sigma, St. Louis, MO, USA) supplemented with 10% fetal bovine serum (FBS;
Sigma, St. Louis, MO, USA), streptomycin (100
mg/ml), and penicillin (100 mg/ml). All cell lines
were cultured at 37°C under 5% CO2.
RT-PCR
Total RNA was extracted from colorectal
cancer tissues and cells using Trizol reagent
(Abcam, Cambridge, UK) according to the
manufacturer’s instructions. cDNA was synthesized from the extracted RNA (4 µg) using
the EasyScript First-Strand cDNA Synthesis
SuperMix kit (Invitrogen, Carlsbad, CA, USA).
PCR amplification was performed using the
following primers: CUL4B, 5’-CCTGGAGTTTGTAGGGTTTGAT-3’ (sense) and 5’-GAGACGGTGGTAGAAGATTTGG-3’ (antisense); and β-actin,
5’-TTAGTTGCGTTACACCCTTTC-3’ (sense) and
5’-ACCTTCACCGTTCCAGTTT-3’ (antisense). The
PCR conditions included an initial denaturation step of 94°C for 2 min, followed by 35
cycles of 94°C for 30 s, 56°C for 30 s, and
72°C for 2 min, and a final elongation step of
72°C for 10 min.
Western blot
Total protein was extracted from colorectal cancer tissues and cells, then washed with ice-cold
PBS and lysed with RIPA Cell Lysis Buffer (Santa
Cruz Biotechnology, Santa Cruz, CA, USA). The
protein concentrations were determined by the
BCA method. The samples (30 μg protein/lane)
were separated on 10% SDS-PAGE and transferred onto polyvinylidene ﬂuoride (PVDF) membranes (Millipore, Boston, MA, USA). After
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blocking in TBS buffer (50 mmol/L NaCl, 10
mmol/L Tris, pH 7.4) containing 5% nonfat
milk, the blots were incubated with primary
antibodies (anti-CUL4B, anti-β-catenin, anticyclin D1, anti-c-Myc or β-actin) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at 4°C
overnight. Membranes were then washed
and incubated with horseradish peroxidaseconjugated secondary antibodies. Expression
was visualized by using ECL Western blotting
detection reagent (Thermo Fisher Scientific,
RockFord, IL, USA).
RNA interference-mediated knockdown of
CUL4B and cell transfection
CUL4B siRNA were constructed by Gimma
company in Shanghai, as follow: 5’-CAAUCUCCUUGUUUCAGAATT-3’; siRNA con vector (the
random sequence as control that was not
related to CUL4B mRNA) 5’-UUCUCCGAACGUGUCACGUTT-3’. For in vitro transfection, 5 ×
104 cells were seeded in each cell of a 24-well
micro-plate, grown for 24 h to reach 30%-50%
confluence, and then incubated with a mixture
of siRNA and Lipofectamine 2000 reagent
(Invitrogen, Carlsbad, CA, USA) in 100 μl serumfree DMEM, according to the manufacturer’s
instructions. The transfection efficiency was
examined by Western blot.
Cell proliferation assay
Cell proliferation was determined by 3(4.5-methylthiozol-2yl)-2.5-diphenyltetrazolium
bromide (MTT) assay. Cells (3 × 103 cells/well)
were seeded into 96-well plates and cultured
for 24, 48, 72, and 96 h. MTT (10 ml) was
added into each well, and cells were cultured
for an additional 4 h. The culture media was
removed and 200 ml DMSO (Sigma, St. Louis,
MO, USA) was added to each well. The absorbance at 570 nm was measured with a microplate reader (Takara Biotechnology, Dalian,
China).
Cell apoptosis assay
The cell apoptotic ratio was measured by
Annexin V-FITC and PI staining followed by analysis with flow cytometry (Beckman-Coulter,
Brea, CA, USA). Briefly, cells (3 × 105) were
seeded in six-well plates and allowed to adhere.
Twenty-four hours later, the cells were harvested by centrifugation at 1,000 rpm for 5 min.
The cell pellets were washed twice with PBS folInt J Clin Exp Pathol 2015;8(9):10394-10402
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mouse. The resulting tumors were measured
once a week, and tumor volumes (mm3) were
calculated using the following formula: volume
= width2 × length × 0.5 [12]. Tumors were harvested 35 days after injection. Data were presented as tumor volumes and tumor weight
(mean ± SD). Animal experiment was carried
out with the approval of the ethics committee
of Tianjin Medical University in accordance with
the Guide for the Care and Use of Laboratory
Animals.
Statistical analysis
All results are reported as means ± SD.
Statistical analysis involved Student’s t-test for
the comparison of two groups or one-way
ANOVA for multiple comparisons. P < 0.05 was
considered to be significant.
Results
CUL4B is overexpressed in colorectal cancer
cell lines

Figure 1. CUL4B is overexpressed in colorectal cancer cell lines. A. CUL4B mRNA expression was determined in several colorectal cancer cell lines and the
human colon mucosa cell line. B. Western blot analysis was performed to examine CUL4B expression in
colorectal cancer cell lines and the human colon mucosa cell line. β-actin was used as a loading control.
*P < 0.05 versus control group. All the experiments
were repeated at least three times.

lowed by fixation with 70% ice-cold ethanol and
stored at -20°C overnight. The pellets were
washed with cold PBS and stained with propidium iodide and Annexin V. Apoptotic cells were
analyzed by FACSCalibur to define as those
positive cells for Annexin V with or without PI
staining.
Tumorigenicity assay
Male BALB/c nude mice were obtained
(Shanghai Slac Laboratory Animal Co. Ltd,
China) and bred under specific pathogen-free
conditions. CUL4B knockdown cells (1 × 106)
and their control cells were injected subcutaneously into the opposite flanks of the same
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To study the expression of CUL4B in colorectal
cancer, we used real-time PCR and Western
blotting to determine the mRNA and protein
expression of CUL4B in colorectal cancer cell
lines. As shown in Figure 1A, CUL4B mRNA
expression was obviously increased in colorectal cancer cell lines compared to the human
colon mucosa cell line (NCM460). Consistent
with the results of RT-PCR, Western blot analysis showed that CUL4B expression was higher
in three colorectal cancer cell lines than the
human colon mucosa cell line (Figure 1B).
Knockdown of CUL4B inhibits the proliferation
of colorectal cancer cells
To investigate the role of CUL4B in the proliferation of colorectal cancer cells, we knocked
down the expression of CUL4B in SW480 and
HT-29 cells using siRNA. Western blot results
showed that the target sequence significantly
decreased the expression of endogenous
CUL4B in SW480 (Figure 2A) and HT-29 (Figure
2B) cells compared to the siRNA-scramble
group. Then, we used the MTT assay to investigate the role of CUL4B in the proliferation of
colorectal cancer cells. It was found that knockdown of the expression of CUL4B in SW480
cells significantly inhibited the proliferation of
the cancer cells (Figure 2C). Similar results
were also observed in HT-29 cells (Figure 2D).
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Figure 2. Knockdown of CUL4B expression inhibits cell proliferation in vitro. CUL4B -knockdown SW480 (A) and
HT-29 (B) cells was established using siRNA. Cells transfected with empty vector served as controls. The efficacy
of CUL4B knockdown was verified by western blot. Cell proliferation of siRNA-scramble control and siRNA-CUL4B
SW480 (C) and HT-29 (D) cells was determined by MTT assay. *P < 0.05 versus siRNA-scramble group. All experiments were repeated at least thrice.

Knockdown of CUL4B promotes the apoptosis
of colorectal cancer cells

Knockdown of CUL4B inhibited the tumorigenicity of HT-29 cells in vivo

To further investigate the effect of CUL4B on
colorectal cancer cell apoptosis, SW480 and
HT-29 cells were treated with siRNA-CUL4B and
stained by flow cytometry-based Annexin
V-FITC/PI double staining. As shown in Figure
3A and 3C, after treatment with siRNA-CUL4B
for 24 h, the apoptosis rate of SW480 cells was
37.1%, respectively, in comparison with the
control group (13.2%). Also in HT-29 cells, the
proportion of apoptotic cells was higher than
that of the control group (33.4% vs. 16.1%)
(Figure 3B and 3C).

The role of endogenous CUL4B in the tumorigeicity of HT-29 cells was examined using a
xenograft mouse model. The control cells and
cells whose expression of CUL4B was knockdown were injected into the flanks of 4-weekold nude mice. The developed tumors were harvested 35 days after injection. It was found that
knockdown of the expression of CUL4B retarded the tumorigenicity of HT-29 in vivo (Figure
4A), as shown by the tumor weight and tumor
volume (Figure 4B and 4C). Taken together,
these results suggested that down-regulation
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Figure 3. Knockdown of CUL4B expression promotes cell apoptosis in vitro. SW480 and HT-29 cell apoptosis was
detected through PI staining and the Annexin V method after 48 h of CUL4B-siRNA transfection, followed by flow
cytometry. A. SW480 cells. B. HT-29 cells. C. Columns, mean data obtained from three independent experiments.
*P < 0.05 versus siRNA-scramble group. All experiments were repeated at least thrice.
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the effect of CUL4B on the expression of
β-catenin, cyclin D1 and c-Myc. As shown
in Figure 5, knockdown of the expression
of CUL4B markedly downregulated the expression of β-catenin, cyclin D1 and c-Myc in HT-29
cells.
Discussion
The key findings of this study are that CUL4B
was significantly upregulated in colorectal cancer cell lines. Silencing CUL4B inhibited proliferation and tumorigenicity of colorectal cancer
cells both in vitro and in vivo, and it promoted
the apoptosis of colorectal cancer cells.
Furthermore, knockdown of CUL4B inhibited
the expression of β-catenin, cyclin D1 and
c-Myc in colorectal cancer cells.
Although CUL4B has been shown to be overexpressed in several types of cancer and has
been associated with cancer progression and
development, its role in human colorectal cancer is still unclear. Herein, we found that CUL4B
was significantly upregulated in colorectal cancer cell lines, suggesting that CUL4B may function as an oncogenic protein in the development and progression of human colorectal
cancer.
Figure 4. Knockdown of the expression of CUL4B
inhibited the tumorigenicity of HT-29 cells in vivo.
A. Representative images of tumor growth. B. The
weight of the tumors formed by the siRNA-scramble
control cells and the siRNA-CUL4B cells. C. The volume of the tumors formed by the siRNA-scramble
control cells and the siRNA-CUL4B cells. *P < 0.05
versus siRNA-scramble group. All experiments were
repeated at least thrice.

of CUL4B attenuated the tumorigenicity of the
colorectal cancer cells in vivo.
Knockdown of CUL4B promotes the apoptosis
of colorectal cancer cells through Wnt/βcatenin signaling pathway
The Wnt/β-catenin signaling pathway is frequently upregulated in a variety of cancers, and
there is some evidence showing that Wnt/βcatenin signaling pathway is involved in the proliferation and apoptosis of cancer. To further
investigate a potential mechanism that could
be involved in the growth and migration inhibition of colorectal cancer cells, we investigated
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Several reports have provided evidence that
CUL4B is involved in the survival and proliferation of malignant phenotypes of cancer cells [7,
9]. For example, knockdown of CUL4B reduced
the proliferation of hepatocellular carcinoma
cells in vitro and inhibited tumor growth in vivo
[10]. In agreement with these reports, we found
that knockdown of CUL4B inhibited proliferation and tumorigenicity of colorectal cancer
cells both in vitro and in vivo [10]. Collectively,
these results obtained from both in vitro and in
vivo experiments strongly suggest that CUL4B
overexpression plays important roles in promoting the tumorigenicity and progression of
human colorectal cancer.
CUL4A is also a member of the cullin family of
proteins that composes the multifunctional
ubiquitin ligase E3 complex [13]. CUL4A is proposed as oncogenic based on its ability to ubiquitinate and degrade tumor suppressors, such
as p21, p27, DDB2 and p53 [14, 15]. Like
CUL4A, CUL4B also ubiquitinates histone H2A,
H3, and H4, facilitating the recruitment of
repair proteins to the damaged DNA [16].
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Figure 5. Knockdown of CUL4B promotes the apoptosis of colorectal cancer cells through Wnt/β-catenin signaling
pathway. (A) The protein levels of β-catenin, cyclin D1 and c-Myc were determined by western blot analysis, β-actin
was used as a loading control. (B) β-catenin, (C) Cyclin D1 and (D) c-Myc levels were quantified by Image J software
and plotted relative to the control group in (A). *P < 0.05 vs. siRNA-scramble group. All the experiments were repeated at least three times.

Recently, it has been shown that silencing
CUL4A could promote apoptosis in human lung
cancer cell lines [17]. CUL4A downregulation
also induced apoptosis in human prostate cancer cells [18]. Consistent with other reports, our
results showed that knockdown of CUL4B obviously promote the apoptosis of colorectal cancer cells.
Wnt/β-catenin signaling pathway is considered
to play a critical role in promoting tumor progression, dysregulation of cell cycle and apoptosis [19-21]. Its aberrant activation is a key
event in the pathogenesis and progression of
human colorectal cancers [9, 22]. β-catenin is
a main downstream effector of the canonical
Wnt signaling pathway and accumulation of
β-catenin is a hallmark of Wnt signaling activation [23]. In addition, cyclin D1 and c-Myc are
downstream targets of Wnt/β-catenin signaling
10400

[24]. It has been reported that emodin significantly decreased the expression of β-catenin
and that of its various downstream targets
(cyclin D1, c-Myc, snail, vimentin, MMP-2 and
MMP-9) in colorectal cancer cells [25]. Kaur et
al showed that silibinin obviously decreased
β-catenin-dependent T-cell factor-4 (TCF-4)
transcriptional activity and protein expression
of β-catenin target genes such as c-Myc and
cyclin D1 in SW480 cells [26]. Consistent with
the above data, in this study, we found that
knockdown of the expression of CUL4B markedly downregulated the expression of β-catenin,
cyclin D1 and c-Myc in HT-29 cells. Therefore,
these results suggest that CUL4B regulates cell
growth through the Wnt/β-catenin signaling
pathway.
In conclusion, we demonstrated that knockdown of CUL4B inhibits proliferation and proInt J Clin Exp Pathol 2015;8(9):10394-10402
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motes apoptosis of colorectal cancer cells
through suppressing the Wnt/β-catenin signaling pathway. Therefore, CUL4B may represent a
novel therapeutic target for colorectal cancer
treatment.
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