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CUL4B/KLF11 axis promotes malignant ovarian cancer
progression
Yapei Lu, Ziqi Cheng
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Summary
Purpose: This study aimed to explore the role and the mo- markedly promoted the invasive and metastasis ability of
lecular mechanism of CUL4B in the occurrence and develop- OC cells. Bioinformatics and luciferase reporter gene experiment of ovarian cancer (OC).
ments suggested that CUL4B could directly target KLF11.
Rescue experiments indicated that KLF11 knockdown can
Methods: The expressions of CUL4B in 20 pairs of OC tissue
reverse the inhibiton of CUL4B silencing on OC cell migraspecimens and cell lines was detected by quantitative realtion and wound healing ability.
time polymerase chain reaction (qRT-PCR). Subsequently,
the CUL4B knockdown and overexpression models were con- Conclusions: CUL4B expression is markedly elevated in
structed in OC cell lines SKOV3 and A2780 using lentivirus, OC tissues and cell lines. CUL4B may negatively regulate
respectively. Transwell and cell scratch assays were used to the expression of KLF11, thereby enhancing the proliferative
analyze the effect of CUL4B on OC cell function. Further- and metastatic ability of OC. In summary, CUL4B plays an
more, luciferase reporter gene experiment and rescue experi- important part in the progression of OC, and might serve as
ments were performed to explore the potential mechanism of a new potential target and prognostic indicator for ovarian
CUL4B and downstream gene KLF11.
cancer treatment.
Results: The expressions of CUL4B in OC tissues was markedly higher than that of adjacent ones. Transwell and cell Key words: CUL4B, KLF11, ovarian cancer, malignant
scratch experiments suggested that CUL4B overexpression progression

Introduction
Ovarian cancer (OC) is the gynecologic malignant tumor with the highest mortality rate. In the
United States, there are over 22,000 new cases of
OC annually, and more than 14,000 patients die of
OC each year [1-3]. In China, there are about 52,000
new OC patients every year, and about 23,000 patients die every year [4,5]. Since the ovary is located deep in the pelvis and lacks specific clinical
symptoms, only 15% of patients can be diagnosed
in stage I, so more than 70% of patients are already
in advanced stage (stage III or IV) when diagnosed,
and the 5-year relative survival rate is only 29%
[6,7]. Although these patients with advanced OC

have undergone active tumor resection surgery
as well as platinum-based chemotherapy, still, the
5-year survival rate is less than 25% [8]. Of all the
OC, 85-90% are epithelial ovarian cancers (EOCs)
and its etiology is unknown [9]. At present, EOCs
are considered to have genetic and histopathologic heterogeneity in space and time [9,10]. With
the deepening of ovarian tumor research, the development and application of new biomolecular
technology has provided unprecedented research
conditions for the discovery of the full picture of
EOCs [10,11]. Molecular diagnosis and treatment
can specifically target the mutations in tumor cells.
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By evaluating gene mutations of EOC subtypes,
the efficacy of molecular targeted therapy can be
predicted [12,13].
CUL4B belongs to the Cullin family. It is an important framework protein of ubiquitin E3 ligases
(CRLs). CRLs are the largest class of ubiquitin ligases at present, which can degrade proteins in the
body through the ubiquitin-proteasome pathway
and are involved in many cell activities such as
cell signal transduction, cycle regulation and DNA
repair [14,15]. At present, the function of CUL4B
is increasingly valued in tumors, and researchers believe it will be a novel carcinogen [16,17].
Previous evidence showed that CUL4B was highly
expressed in cholangiocarcinoma, gastric cancer
and prostate cancer, and can promote tumor invasion [17-19]. However, the study of CUL4B in tumors has just started, and it has not been reported
whether CUL4B could play a certain role in OC.
Therefore, we analyzed the expression of CUL4B
in OC and its relationship with clinicopathologic
characteristics and prognosis using clinical tissue
specimens and cell models. Besides, we conducted
preliminary search on the function and potential
molecular mechanism of CUL4B in OC using bioinformatics data. We hoped to provide new ideas for
stratification of OC, screening of patients with poor
prognosis and treatment of aggressive tumors.

Methods
Patients and OC tissues
20 cases of surgically resected OC tissues and normal
tissues were collected in The First Hospital of Hangzhou
Fuyang. All specimens were stored at -80°C. All enrolled
patients were diagnosed by postoperative pathologic
analysis, and had not received any anti-tumor therapy
before surgery. This study was approved by the Ethics
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Committee of The First Hospital of Hangzhou Fuyang.
Besides, all patients had signed an informed consent form.
Cell lines and reagents
Human ovarian cancer cells 3AO, A2780, CAOV3
and SKOV3 and a normal human ovarian surface epithelial cells HOSEPiCs were purchased from American
Type Culture Collection (ATCC) company (Manassas, VA,
USA). Cells were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) (Gibco, Rockville, MD, USA) containing 10% fetal bovine serum (FBS) (Gibco, Rockville, MD,
USA) in a 37°C, 5% CO2 incubator.
Transfection
The blank control group (sh-NC or NC) and the lentivirus (sh-CUL4B or CUL4B) containing CUL4B overexpression or knockdown sequences were purchased
from Shanghai Jima (Shanghai, China). The cells were
plated in 6-well plates and cultured until the cell density
reached 30-50%. Transfection was performed according
to the manufacturer instructions. After 48 h, the cells
were collected for subsequent experiments.
Transwell cell migration assay
The serum-free medium diluted transfected cells
(5×105) were inoculated into the upper layer of the matrix gel-containing chamber, and 700 μL of 20% FBS
medium was placed as a chemical attractant in the lower
compartment of the chamber. The transwell was incubated for indicated time, then the lower layer penetrating
cells were collected, fixed with methanol for 15 min, and
stained with 0.2% crystal violet for 20 min. After washed
with phosphate buffered saline (PBS), cells were subjected to penetrating cell counting in 10 random fields.
Cell wound healing assay
A horizontal and a vertical line was drawn across
on the back of the sterilized 6-well plates. A single-cell
suspension of 5×105 cells was prepared and seeded in
6-well plates. When the cells were 90% confluent, the
inner surface of cells were scratched with a 10 μL sterile

Figure 1. CUL4B is highly expressed in ovarian cancer (OC) tissues and cell lines. A: Relative expression of CUL4B in OC
tissues compared with normal tissues. CUL4B expression was examined by qPCR and normalized to GAPDH expression.
B: Analysis of CUL4B expression levels in OC cell lines (3AO, A2780, CAOV3 and SKOV3) compared with the normal
human ovarian surface epithelial cells (HOSEPiCs) by qRT-PCR; Data are average ± SD, *p<0.05, **p<0.01.
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pipette perpendicular to the horizontal line, and then Western blot
washed twice with PBS to remove the scratches. 2 mL of
Cells were lysed using cell lysate radioimmunopre1% FBS medium was added per well. After taking photos,
cipitation assay (RIPA) (Beyotime, Shanghai, China). 5
cells were then placed in the incubator for 24 h. Then, the
crawling state of the cells was compared and recorded. × loading buffer was added into total protein lysate at
the ratio of 1:4, then the protein was boiled for 5-10
Quantitative real-time polymerase chain reaction (qRT-PCR) min. 20 μg of protein were subjected to 12% sodium
dodecyl sulphate-polyacrylamide gel electrophoreTotal RNA was extracted from OC cell lines and sis (SDS-PAGE) and transferred to the polyvinylidene
tissues using TRIzol reagent (Invitrogen, Carlsbad, CA,
fluoride (PVDF) membrane (Millipore, Billerica, MA,
USA), and the RNA was reverse transcribed into comUSA). After incubating with blocking solution for 1 h,
plementary DNA (cDNA) using Primescript RT Reagent
the membranes were added with the primary antibody
(TaKaRa, Otsu, Japan). QRT-PCR reaction was performed
(CUL4B, KLF11, GAPDH) and incubated at 4°C overnight.
using SYBR® Premix Ex Taq ™ (TaKaRa, Otsu, Japan),
Then, the membranes were added with the horse radish
and StepOne Plus Real-time PCR system (Applied Bioperoxidase (HRP)-labeled secondary antibody, and the
systems, Foster City, CA, USA). The following primers
electrochemiluminescence (ECL) chemiluminescence
were used in the qRT-PCR reaction (5’-3’): CUL4B: F:
detection kit was examined for luminescence.
GCTGGCAAAACCATTGCAGA, R: CCATGTCCCAAATGGAGGGT; KLF11: F: CCGCGCCGGTTGACAT, R: TGAC- Dual-luciferase reporter assay
CCCAGGAGCTCATACA; GAPDH: F: CCTGGCACCCAGAfter mutating the binding site of CUL4B and
CACAAT, R: GCTGATCCACATCTGCTGGAA.
ABI Step One software (Applied Biosystems, Foster KLF11, wild-type CUL4B and mutant CUL4B were cloned
City, CA, USA) was used for data analysis, and the 2-ΔΔCt into pMIR. OC cells were seeded in 24-well plates and
method was used to calculate the relative mRNA expres- co-transfected with pcDNA3.1-KLF11 and WT CUL4B
sion level.
or mutant pMIR luciferase reporter plasmids. 48 h after

Figure 2. CUL4B can promote the metastatic ability of ovarian cancer (OC) cells. A: Western blot verification of CUL4B
expression after transfection of CUL4B knockdown or overexpression in OC cell lines SKOV3 and A2780. B: Representative
results of Transwell migration assays in OC cell lines SKOV3 and A2780 transfected with sh-CUL4B or CUL4B. C: Cell scratch
test was used to detect the healing ability of cells transfected with sh-CUL4B or CUL4B. Data are average ± SD, **p<0.01.
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qRT-PCR, which suggested that CUL4B expression was up-regulated in OC tissues (Figure 1A).
In addition, compared with normal stromal cells
(HOSEPiCs), CUL4B was markedly overexpressed
in OC cell lines (Figure 1B). Therefore, CUL4B
Statistics
might be used as a new biological prognosis inContinuous variables were analyzed using t-test,
dicator of OC.
2
transfection, the dual luciferase reporter assay system
(Promega, Madison, WI, USA) was used to normalize
the reporter luciferase activity to the control firefly luciferase activity.

and categorical variables were analyzed using χ test or
Fisher’s exact probability method. Kaplan-Meier method
was used to evaluate the prognostic survival time of
patients, and log-rank test was used to compare the differences between different curves. SPSS 22.0 software
(IBM, Armonk, NY, USA) was used to process the program, and the data were expressed as mean ± standard
deviation. P<0.05 was considered statistically significant.

CUL4B promoted the migration and invasion in ovarian cancer cells

To explore the functional effect of CUL4B in
OC cells, the CUL4B overexpression and knockdown models were first constructed in SKOV3
and A2780, and the transfection efficiency was
verified by Western Blot and q-PCR assays (Figure
Results
2A). Subsequently, Transwell experiments showed
that knockdown of CUL4B remarkably reduced the
CUL4B was highly expressed in ovarian cancer tissues
number of transmembrane OC cells while overexand cell lines
pression could increase the cell migration abilFirstly, we detected the expression of CUL4B ity of OC cells (Figure 2B). The cell scratch assay
in 20 pairs of OC tissues and normal tissues by also revealed that the healing ability of OC cells

Figure 3. CUL4B can regulate KLF11. A: Western blot verification of the expression level of KLF11 protein after transfection of CUL4B knockdown or overexpression in ovarian cancer (OC) cell lines SKOV3 and A2780. B: qRT-PCR detection
of KLF11 expression in tumor tissues and normal tissues in patients. C: The expression levels of KLF11 in OC cell lines
detected by qRT-PCR. D: Luciferase reporter gene experiment was performed to evaluate the binding between CUL4B
and KLF11. Data are average ± SD, *p<0.05, **p<0.01, ***p<0.001.
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was markedly reduced after CUL4B knockdown,
whereas CUL4B overexpression significantly increased the healing ability of OC cells (Figure 2C).
Those above results suggested that CUL4B could
promote the migration ability and invasion in OC
cells.

sion could markedly reduce the KLF11 level (Figure 3A). Moreover, qRT-PCR analysis of OC tissues
and normal ones revealed that KLF11expression
was markedly reduced (Figure 3B). In addition,
KLF11 expression was also down-regulated in OC
cells (Figure 3C). Further luciferase reporter gene
experiment indicated that CUL4B can be targeted
CUL4B was bound to KLF11
by KLF11 through a specific binding site (Figure
The bioinformatics website suggested that 3D).
CUL4B can be targeted to KLF11.Therefore, we deKLF11 modulated CUL4B in ovarian cancer cell lines
tected the protein levels of KLF11 after knockdown
and overexpression of CUL4B in OC cells. The reTo further explore the regulation between
sults showed that KLF11 was remarkably increased CUL4B and KLF11 in OC cells, we transfected shafter CUL4B knockdown, while CUL4B overexpres- KLF11 or KLF11 in CUL4B-knockdown or CUL4B-

Figure 4. CUL4B can regulate the mechanism of action of KLF11 in ovarian cancer (OC) cell lines. A: Western blot detection
of KLF11 expression levels after co-transfection of CUL4B and KLF11 knockdown or overexpression vectors in OC cell lines
SKOV3 and A2780. B: Representative results of Transwell migration assays in in OC cell lines SKOV3 and A2780 after cotransfection of CUL4B and KLF11 knockdown or overexpression vectors. C: Cell scratch test was used to detect the cell healing
ability after co-transfection of CUL4B and KLF11 knockout in OC cell lines SKOV3 and A2780. Data are average ± SD, **p<0.01.
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overexpression cells, respectively (Figure 4A).
Subsequently, Transwell assays demonstrated that
knockdown of KLF11 can counteract the inhibitory
effect of CUL4B knockdown on OC cell migration,
while overexpression of KLF11 can reverse the
promotion effect of overexpression of CUL4B on
migration of OC cells (Figure 4B). Similarly, cell
scratch test showed that the decreased healing ability of OC cells caused by knocking down CUL4B
can be reversed by knocking down KLF11 and vice
versa (Figure 4C). In sum, we concluded that KLF11
modulated CUL4B in OC.

Discussion
OC is the fourth most common cause of cancer deaths among women in developed countries
[1-3]. Due to the hidden onset of OC patients and
the lack of early diagnosis indicators, about 75%
of patients have already experienced distant metastasis when diagnosed [3,4]. Although 75% of
patients with advanced OC have undergone cytoreductive surgery and platinum-based chemotherapy and other effective treatments, and the
cancer has achieved clinical remission, most
patients will experience disease recurrence and
eventually death. The 5-year survival rate of OC is
about 30% [4-6]. The degree of peritoneal spread
is related to the poor prognosis of patients with
advanced OC [6-8]. The molecular mechanism
by which OC cells invade and regenerate on the
peritoneal surface has not been thoroughly studied [7,8]. Therefore, a better understanding of the
molecular events leading to tumor invasion and
metastasis is crucial for the development of new
OC treatment strategies [8-13].
CUL4B belongs to the Cullin family and participates in the formation of the largest number
of ubiquitin ligases in the human body, CullinRING ubiquitin ligase [14,15]. A number of studies in recent years have shown that CUL4B can
regulate tumorigenesis and development of various tumors through epigenetic mechanisms [1619]. This study explored the levels of CUL4B in OC
tissues as well as cell lines, and also explored the
effect of CUL4B on the development of OC. Firstly,
CUL4B expression was verified in 20 pairs of OC
tissues and normal ones, which showed that CUL4B
expression was markedly up-regulated, suggesting that CUL4B may serve as an oncogene in OC.
Metastasis of OC is a complex process involving

2373

multiple genes and steps. At present, the molecular
mechanism of OC invasion and metastasis has not
been thoroughly studied [20,21]. In order to further
explore the impact of CUL4B on oc cell function,
lentivirus was used to construct CUL4B overexpression or knockdown expression models. Transwell and cell scratch experiments showed that
CUL4B can promote the invasion and metastasis
ability of OC, but its specific molecular mechanism
remained still unclear.
In order to further elucidate the underlying
molecular mechanism of CUL4B functioning, we
used bioinformatics software to predict the potential targets of CUL4B and discovered KLF. The KLF
family regulates the function of cells by controlling
the expression of genes, including cell proliferation, apoptosis, differentiation, and the generation
of new organisms [22]. Several studies have shown
that KLF11, a member of the KLF family, participates in and regulates cell proliferation, cell cycle,
and apoptosis in various life processes [23,24]. In
this experiment, the expression level of KLF11 protein was markedly increased after CUL4B knockdown and the expression level of KLF11 protein
was markedly decreased after CUL4B overexpression. The luciferase reporter gene experiment results showed that CUL4B can be targeted by KLF11
through a specific binding site. Through rescue
experiments, it was found that knocking down or
overexpressing KLF11 can counteract the biological effect of CUL4B knocking down or overexpressing in OC cells. With the deepening of research,
further understanding of the biological function
of CUL4B and KLF11 genes and their role in the
development of OC will be more conducive to the
diagnosis, treatment and prognosis assessment of
OC.

Conclusions
CUL4B is highly elevated in OC tissues as well
as in cell lines. CUL4B may negatively regulate the
expression of KLF11, thereby enhancing the proliferative and metastatic ability of OC. In summary,
CUL4B is involved in the occurrence and development of OC, and may become a new potential target
and prognostic indicator for OC treatment.
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