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Abstract. Endometrial cancer (EC) is a common malig‑
nant gynecological tumor arising from the endometrium, 
with an annually increasing morbidity and mortality. 
The present study aimed to investigate the functions of 
cullin 4A (CUL4A) in EC, as well as the underlying mecha‑
nisms. CUL4A expression was assessed in several human EC 
cells and normal human endometrial epithelial cells (hEECs) 
via reverse transcription‑quantitative polymerase chain reac‑
tion and western blotting. Subsequently, short hairpin (sh)
RNA‑CULA4 was transfected into cells, and cell proliferation, 
invasion and migration were detected using Cell Counting 
kit‑8, Transwell and wound healing assays, respectively. 
The STRING database identified that CSN6 interacted with 
CULA4, and immunoprecipitation was performed to verify 
the interaction. Subsequently, following CUL4A knockdown, 
pcDNA3.1‑CSN6 was transfected into cells and its effects 
on cell proliferation, invasion and migration were assessed. 
The expression levels of matrix metallopeptidase (MMP)2, 
MMP9 and p53 were evaluated via western blotting. The 
results indicated that CUL4A was highly expressed in EC 
cells, compared with hEECs. CULA4‑knockdown notably 
inhibited EC cell proliferation, invasion and migration. The 
expression levels of MMP2 and MMP9 were significantly 
decreased, while p53 expression was enhanced following 
CUL4A‑knockdown. The immunoprecipitation assay veri‑
fied that COP9 signalosome subunit 6 (CSN6) interacted 
with CULA4. Furthermore, CSN6‑overexpression alleviated 
the inhibitory effects of CUL4A‑knockdown on EC cell 
proliferation, invasion and migration. Similarly, CSN6 over‑
expression reversed CUL4A‑knockdown‑mediated effects on 

the expression of MMP2, MMP9 and p53. In summary, the 
results demonstrated that CUL4A regulated EC cell prolif‑
eration, invasion and migration by interacting with CSN6.

Introduction

Endometrial cancer (EC) is a common malignant gyne‑
cological tumor arising from the endometrium and is the 
fourth most common cause of cancer among females (1‑3). 
It currently accounts for ~50% of newly diagnosed gyne‑
cological malignancies (4). The morbidity and mortality of 
EC are increasing year by year, which negatively affects 
the health of females worldwide (5,6). Although significant 
advances in therapeutic strategies have been achieved, 
including hormonal agents, cytotoxic chemotherapy and 
surgery combined with adjuvant chemotherapy, which 
contribute towards improvements in the survival rates of 
patients with EC, the prognosis of patients with EC remains 
poor (7,8). Therefore, understanding the pathogenesis of EC 
is important to identify preventative and therapeutic strate‑
gies for EC.

Cullin 4A (CUL4A), a member of the cullin family, acts as 
a scaffold protein to bind DNA damage‑binding protein 1 and 
subsequently form a ubiquitin ligase E3 complex to mediate 
the degradation of numerous substrates (9,10). Therefore, 
CUL4A mediates multiple cellular processes, including prolif‑
eration, DNA replication, apoptosis and hematopoiesis (11,12). 
Emerging evidence supports that CUL4A is responsible for 
the regulation of certain tumor suppressor genes, including 
p53 and p27 (13,14). Increasing evidence suggests that CUL4A 
expression was highly upregulated in a variety of different 
types of human cancer, including non‑small cell lung, 
colorectal, ovarian and breast cancer, which promoted tumor 
cell proliferation, invasion and migration (15‑18). However, 
the biological functions of CUL4A in EC are not completely 
understood.

In the present study, the expression of CUL4A in several 
EC cell lines and human endometrial epithelial cells (hEECs), 
as well as the potential underlying mechanisms, were exam‑
ined. The results indicated that CUL4A regulated EC cell 
proliferation, invasion and migration by interacting with COP9 
signalosome subunit 6 (CSN6), which provided a theoretical 
basis and potential therapeutic strategy for EC.
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Materials and methods

The Cancer Genome Atlas (TCGA) database analysis. Human 
RNA‑sequencing data from uterine corpus endometrial carci‑
noma (UCEC) projects, which included 546 patients with EC 
and 35 normal tissues were obtained from TCGA analysis in 
UALCAN database (ualcan.path.uab.edu/). Student's t‑test was 
used to determine statistical significance of CUL4A expres‑
sion between normal and tumor samples.

Cell culture. Several human endometrial cancer cell lines 
(Ishikawa, KLE, RL95‑2 and AN3CA) and a normal human 
endometrial epithelial cell line (hEECs) were obtained from 
Shanghai Institute for Biological Sciences (Shanghai, China. 
Cells were cultured in DMEM (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 10% 
FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C with 5% 
CO2.

Cell transfection. The short hairpin (sh) RNAs targeted 
against CUL4A (shRNA‑CUL4A‑1 and shRNA‑CUL4A‑2) 
and a negative control (NC) scrambled shRNA (shRNA‑NC) 
were provided by Shanghai GenePharma Co., Ltd.). In addi‑
tion, a CSN6‑overexpression plasmid (pcDNA‑CSN6) and its 
empty vector (pcDNA‑NC) were purchased from of Shanghai 
Integrated Biotech Solutions Co., Ltd. Cells were plated into 
6‑well plates (1x106 cells/well) overnight. Subsequently, cells 
were transfected using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). At 24 h post‑transfection, 
transfection efficiency was assessed via western blotting and 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR).

Cell Counting kit‑8 (CCK‑8) assay. Cell proliferation was 
assessed using the CCK‑8 kit (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany), according to the manufacturer's 
protocol. In brief, transfected RL95‑2 cells were cultured 
on a 96‑well plate and incubated for 24, 48 or 72 h at 37˚C. 
Subsequently, 10 µl CCK‑8 solution (Dojindo Molecular 
Technologies, Inc., Rockville, MD, USA) was added to each 
well. Following incubation for 2 h at 37˚C, the optical density 
at a wavelength of 450 nm was detected using a microplate 
reader (BioTek Instruments, Inc., Winooski, VT, USA).

Transwell invasion assay. A Transwell invasion assay was 
conducted using 8‑µm Transwell chambers (Corning Inc.) 
coated with diluted BD Matrigel (BD Biosciences) overnight 
at 37˚C. In brief, 2x105 cells were cultured in the upper 
chamber with serum‑free DMEM, and medium containing 
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) was plated 
in the lower chamber. Following incubation for 24 h at 37˚C, 
cells on the lower surface of the membrane were fixed with 
methanol for 20 min at 37˚C and stained with crystal violet 
for 30 min at 37˚C. The number of invaded cells was counted 
and images were captured using an inverted light microscope 
(magnification, x200).

Wound healing assay. Cell migration was assessed by 
conducting a wound healing assay. Cells were plated onto 
6‑well plates and cultured overnight at 37˚C in a humidified 

atmosphere. At 80% confluence, a linear wound was gently 
created in the cell monolayer using a pipette tip and the cells 
were washed three times with phosphate‑buffered saline 
(PBS). Cells were incubated in FBS‑free DMEM for 48 h 
at 37˚C. Migratory cells were observed using an IX711 phase 
contrast microscope (Olympus Corporation) at 0 and 48 h 
(magnification, x200).

Co‑immunoprecipitation (IP) assay. For co‑IP assays, 
RL95‑2 cells were washed in 2 ml PBS (Beyotime Institute of 
Biotechnology) and centrifuged at 850 x g at room tempera‑
ture for 5 min to collect the cells. Then, cells were lysed in 
lysis buffer for IP (Beyotime Institute of Biotechnology). 
Lysates were incubated with 1 µg antibodies against CUL4A 
(1:1,000; cat. no. 2699T; Cell Signaling Technology, Inc.), 
CSN6 (1:1,000; cat. no. sc‑393023; Santa Cruz Biotechnology, 
Inc.) and control lgG (1:1,000; cat. no. 3900S; Cell Signaling 
Technology, Inc) plus Protein A/G beads (Santa Cruz 
Biotechnology, Inc.) at 4˚C for 2 h. After washing the beads 
with PBS (Beyotime Institute of Biotechnology) three times, 
immunoprecipitates were analyzed via western blotting.

RT‑qPCR. Total RNA was isolated from cells using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Total 
RNA was reverse transcribed into cDNA using a Reverse 
Transcription kit (Takara Biotechnology Co., Ltd.) according 
to the manufacturer's instructions. Subsequently, qPCR was 
performed using SYBR Premix Ex Taq (Takara Biotechnology 
Co., Ltd.) and an ABI 7500 system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The following thermocycling 
conditions were used: Pre denaturation at 95˚C for 10 min, 
then 40 cycles of denaturation at 95˚C for 15 sec and annealing 
at 60˚C for 1 min. The following primer sequences were 
used: CUL4A, forward, 5'‑AAG AGC AGG CAA CAA AGA 
AGC CAC‑3' and reverse 5'‑TTG GCC AGT AGC CCA TTG 
TGA GTA‑3'; CSN6, forward, 5'‑TCA TCG AGA GCC CCC 
TCT TT‑3' and reverse, 5'‑CCA ATG CGT TCC GCT TCC T‑3'; 
and GAPDH, forward, 5'‑GAG TCA ACG GAT TTG GTC G‑3' 
and reverse, 5'‑TTG ATT TTG GAG GGA TCT CG‑3'. Relative 
expression was quantified using the 2‑ΔΔCq method and normal‑
ized to the internal reference gene GAPDH (19).

Western blotting. Total protein was extracted using RIPA 
buffer (Beyotime Institute of Biotechnology). Total protein 
was quantified using a BCA kit. Subsequently, equal amounts 
of protein (40 µg/lane) were separated via 10% SDS‑PAGE and 
transferred onto polyvinylidene membranes (EMD Millipore; 
Merck KGaA), which were blocked with 5% skimmed fat milk 
overnight at 4˚C. The membranes were incubated with primary 
antibodies. Following primary incubation, the membranes 
were incubated with a horseradish peroxidase‑conjugated 
secondary antibody (1:3,000; cat. no. 7074S; Cell Signaling 
Technology, Inc.) at room temperature for 1.5 h. Proteins were 
visualized using Image Quant LAS 4000 (Cytiva) and scanned 
using ImageJ software (National Institutes of Health) with 
GAPDH as the loading control. Anti‑CUL4A (cat. no. 2699T), 
anti‑matrix metallopeptidase (MMP)2 (cat. no. 40994S), 
anti‑MMP9 (cat. no. 13667T), anti‑p53 (cat. no. 2527T) and 
anti‑GAPDH (cat. no. 5174T) antibodies (all 1:1,000) were 
obtained from Cell Signaling Technology, Inc.
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Statistical analysis. All experiments were repeated three 
times independently. Data are presented as the mean ± stan‑
dard deviation. Statistical analyses were conducted using SPSS 
(version 19.0; IBM Corp.) and GraphPad Prism (version 6; 
GraphPad Software, Inc.) software. Comparisons between 
two groups were analyzed using the unpaired Student's t‑test. 
Comparisons among multiple groups were analyzed using 
one‑way analysis of variance followed by Tukey's post hoc test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

CUL4A is highly expressed in EC tissues and cells. To 
investigate the functions of CUL4A in EC, TCGA database 
was used to analyze the level of CUL4A in EC tumor tissues 
(n=546) and adjacent non‑tumor tissues (n=35). As presented 
in Fig. 1A, the expression level of CUL4A was increased in EC 
tissues compared with that in adjacent non‑tumor tissues. Next, 
Ishikawa, KLE, RL95‑2 and AN3CA EC cell lines, as well as 
one normal human endometrial epithelial cell line (hEECs) 
were employed to determine the level of CUL4A via RT‑qPCR 
and western blotting. The mRNA and protein expression of 
CUL4A was markedly upregulated in EC cell lines, compared 
with hEECs (Fig. 1B and C). The expression of CUL4A was 

highest in RL95‑2 cells; therefore, RL95‑2 cells were selected 
for subsequent experiments.

CUL4A‑knockdown inhibits EC proliferation, invasion and 
migration. The effects of CUL4A on the functions of EC 
cells were investigated in the present study. To begin with, 
RL95‑2 cells were transfected with shRNA‑CUL4A‑1 or 
shRNA‑CUL4A‑2. The levels of CUL4A were significantly 
decreased following transfection with shRNA‑CUL4A, 
compared with shRNA‑NC (Fig. 1D and E). shRNA‑CUL4A‑1 
induced lower expression levels of CUL4A, compared with 
shRNA‑CUL4A‑2, and was used for subsequent experiments. 
The CCK‑8 assay indicated that CUL4A‑knockdown inhibited 
RL95‑2 cell proliferation, compared with shRNA‑NC (Fig. 2A). 
In addition, RL95‑2 cell invasion and migration were markedly 
suppressed by shRNA‑CUL4A‑1, compared with shRNA‑NC 
(Fig. 2B‑E). Furthermore, western blotting was performed to 
detect the expression of migration‑related proteins MMP2 
and MMP9. CUL4A‑knockdown decreased the expression of 
MMP2 and MMP9, compared with shRNA‑NC (Fig. 3A). The 
results demonstrated that CUL4A‑knockdown inhibited EC 
cell proliferation, invasion and migration.

CUL4A‑knockdown promotes the expression of p53. 
Western blotting was performed to assess the effect of 

Figure 1. CUL4A is highly expressed in EC tissues and cell lines. (A) TCGA database was used to analyze the mRNA expression level of PITPNA‑AS1 in 
NSCLC tumor tissues and adjacent non‑tumor tissues. **P<0.01 vs. normal. CUL4A expression in EC cell lines (Ishikawa, KLE, RL95‑2 and AN3CA) and 
normal human endometrial epithelial cells (hEEC) was examined via (B) RT‑qPCR and (C) western blotting. *P<0.05, **P<0.01 and ***P<0.001 vs. hEEC. 
CUL4A expression following transfection with shRNA‑CUL4A‑1 or shRNA‑CUL4A‑2 was detected via (D) RT‑qPCR and (E) western blotting. *P<0.05, 
**P<0.01 and ***P<0.001 vs. shRNA‑NC. CUL4A, cullin 4A; EC, endometrial cancer; TCGA, The Cancer Genome Atlas; NSCLC, non‑small cell lung cancer; 
RT‑qPCR, reverse transcription‑quantitative PCR; shRNA, short hairpin RNA; NC, negative control.
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Figure 2. CUL4A‑knockdown inhibits RL95‑2 cell proliferation, invasion and migration. (A) The Cell Counting kit‑8 assay was performed to assess cell 
proliferation. (B and C) Cell invasion was measured using Transwell assays. (D and E) A wound healing assay was performed to assess cell migration. **P<0.01 
and ***P<0.001 vs. shRNA‑NC. CUL4A, cullin 4A; shRNA, short hairpin RNA; NC, negative control; OD, optical density.

Figure 3. CUL4A‑knockdown decreases the expression of MMP2 and MMP9, but increases the expression of p53 in RL95‑2 cells. (A) The expression of 
MMP2 and MMP9 was determined using western blot analysis. (B) Western blotting was used to detect the expression of p53. **P<0.01 vs. shRNA‑NC. 
CUL4A, cullin 4A; MMP, matrix metallopeptidase; shRNA, short hairpin RNA; NC, negative control.
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CUL4A‑knockdown on the expression of p53, a tumor 
suppressor gene regulated by CUL4A. shRNA‑CUL4A 
transfection notably upregulated p53 protein expression, 
compared with shRNA‑NC (Fig. 3B). The results indicated 
that CUL4A‑knockdown increased p53 expression.

CSN6 interacted with CUL4A. To further investigate the 
molecular mechanisms underlying CUL4A‑mediated EC cell 
proliferation, invasion and migration, the STRING database 
was applied to detect the potential proteins interacting with 
CULA4. The results indicated that CSN6 interacted with 
CULA4 (Fig. 4A). CSN6 is a pivotal subunit of the constitu‑
tive photomorphogenesis 9 (COP9) signalosome (CSN). To 
further verify the interaction between CUL4A and CSN6, a 
Co‑IP assay was performed. The results indicated that there 
was a strong interaction between CUL4A and CSN6 (Fig. 4B). 
Taken together, these results indicated that CSN6 interacted 
with CUL4A in RL95‑2 cells.

CSN6‑overexpression attenuates the inhibitory effects of 
CUL4A‑knockdown on EC cell proliferation, invasion and 
migration. The expression of CSN6 in EC cell lines was evalu‑
ated via RT‑qPCR and western blotting. The level of CSN6 
was markedly increased in EC cell lines, compared with 
hEECs (Fig. 5A and B). Subsequently, a CSN6‑overexpression 
plasmid was transfected into cells, which notably increased 
CSN6 expression, compared with pcDNA‑NC (Fig. 5C). 
Subsequently, the effects of CSN6‑overexpression on 
CUL4A‑knockdown RL95‑2 cell proliferation, invasion and 
migration were detected. CSN6‑overexpression relieved the 
inhibitory effects of CUL4A‑knockdown on RL95‑2 cell 
proliferation (Fig. 6A). Furthermore, CSN6‑overexpression 
increased cell invasion (Fig. 6B and C) and migration 
(Fig. 6D and E) in CUL4A‑knockdown RL95‑2 cells. The 
expression levels of MMP2 and MMP9 presented the same 
trend as aforementioned (Fig. 7A). Taken together, these results 
indicated that CSN6‑overexpression attenuated the inhibitory 

Figure 4. CSN6 interacts with CUL4A. (A) The protein‑protein interaction network of CUL4A‑related proteins. (B) Immunoprecipitation was performed with 
indicated antibodies in RL95‑2 cells. CSN6, COP9 signalosome subunit 6; CUL4A, cullin 4A.

Figure 5. CSN6 expression is upregulated in EC cell lines. The expression of CSN6 was evaluated via (A) RT‑qPCR and (B) western blotting. *P<0.05, **P<0.01 
and ***P<0.001 vs. hEEC. (C) The expression of CSN6 following transfection with CSN6‑overexpression plasmid was measured via RT‑qPCR. ***P<0.001 vs. 
shRNA‑NC. CSN6, COP9 signalosome subunit 6; EC, endometrial cancer; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; shRNA, 
short hairpin RNA; NC, negative control.
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effects of CUL4A knockdown on EC cell proliferation, inva‑
sion and migration.

CSN6‑overexpression downregulates the expression of p53, 
compared with CUL4A‑knockdown alone. To further clarify 
the regulatory mechanisms underlying CUL4A in EC, the 
effects of CSN6‑overexpression on p53 expression were exam‑
ined via RT‑qPCR and western blotting. As shown in Fig. 7B, 
CSN6‑overexpression decreased the expression levels of p53 
protein in CUL4A‑knockdown RL95‑2 cells. The results 
indicated that CUL4A regulated the expression of p53 by 
interacting with CSN6.

Discussion

As one of the most common gynecological malignancies 
worldwide, the morbidity and mortality of EC are increasing. 
Although a number of studies have suggested that diverse 

aberrantly expressed genes in EC may aggravate malignant 
behavior (20,21), the mechanism underlying the progression 
and metastasis of EC requires further investigation. To the 
best of our knowledge, the present study was the first to 
investigate the expression status, functions and molecular 
mechanisms underlying CUL4A in EC. The results indicated 
that CUL4A regulated EC cell proliferation, invasion and 
migration by interacting with CSN6, which provided a theo‑
retical basis and potential therapeutic target for the treatment 
of EC.

Increasing evidence has indicated that the expression of 
CUL4A is markedly increased in a variety of types of human 
cancer, and may serve as a potential oncogene (17,22). For 
example, CUL4A was overexpressed in the tissues of patients 
with non‑small cell lung cancer, and CUL4A‑knockdown 
suppressed lung cancer cell invasion and metastasis (23). 
CUL4A inhibition also restrained the progression of breast 
cancer (24). Additionally, CUL4A is highly expressed in 

Figure 6. CSN6‑overexpression attenuates the inhibitory effects of CUL4A‑knockdown on EC cell proliferation, invasion and migration. (A) The Cell Counting 
Kit‑8 assay was used to assess cell proliferation. (B and C) Cell invasion was examined by performing a Transwell assay. (D and E) Wound healing assays 
were conducted to assess cell migration. *P<0.05, **P<0.01 and ***P<0.001 vs. shRNA‑CUL4A‑1 + pcDNA‑NC. CSN6, COP9 signalosome subunit 6; CUL4A, 
cullin 4A; EC, endometrial cancer; shRNA, short hairpin RNA; NC, negative control; OD, optical density.
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ovarian cancer and functions as an oncogene (25). However, 
the functions of procollagen‑lysine, 2‑oxoglutarate 5‑dioxy‑
genase 3 in EC have not been reported and require further 
investigation. Increasing evidence has suggested that uncon‑
trolled proliferation, invasion and migration are dominant 
features of cancer cells, which exert crucial effects in the 
development process of human cancer (26,27). In the present 
study, notably upregulated CUL4A expression was observed 
in EC cells, and CUL4A‑knockdown refrained EC cell 
proliferation, invasion and migration, which was consistent 
with previous studies (28,29). Taken together, these results 
indicated that CUL4A‑knockdown serves protective roles 
in EC.

CUL4A participates in the proteolysis of p53, and CUL4A 
depletion results from an accumulation of p53 (13). p53 is a 
tumor suppressor gene, which is involved in the growth and 
metastasis of various types of cancer (30‑32). CSN6, a pivotal 
subunit of the constitutive COP9 CSN, is notably upregulated 
in a number of different types of human cancer (33,34). 
Previous studies have highlighted the importance of CSN6 
as a regulator of the degradation of cancer‑related protein 
p53 (35,36). In the present study, the STRING database 

identified that CSN6 interacted with CULA4, and the Co‑IP 
assay verified this interaction. The expression of CSN6 was 
significantly enhanced in EC cells, and CSN6 overexpression 
attenuated the inhibitory effects of CUL4A‑knockdown on 
EC cell proliferation, invasion and migration. Furthermore, 
CSN6 overexpression markedly reduced p53 expression in 
CUL4A‑knockdown EC cells. The results suggested that 
CUL4A interacted with CSN6 and further modulated p53 
expression.

In conclusion, to the best of our knowledge, the present 
study was the first to investigate the pivotal roles of CUL4A 
in the functions of EC cells. CUL4A regulated EC cell prolif‑
eration, invasion and migration by interacting with CSN6 
and further modulating p53 expression. The results also 
suggested that CUL4A may serve as a potential biomarker 
and therapeutic target for the treatment of EC, which provides 
an innovative perspective for the clinical therapy of EC. 
However, the usage of only one EC cell line, lack of pull down 
experiment using the purified CUL4 and CSN6 proteins and 
the addition of EtBr to the co‑IP are limitations of the present 
study, a comprehensive analysis resolving these issues is 
required in the future.

Figure 7. CSN6‑overexpression increases the expression of MMP2 and MMP9, but decreases the expression of p53, compared with CUL4A‑knockdown alone. 
(A) The expression of MMP2 and MMP9 was measured using western blot analysis. (B) Western blotting was used to examine the expression of p53.*P<0.05 
and **P<0.01 vs. shRNA‑CUL4A‑1 + pcDNA‑NC. CSN6, COP9 signalosome subunit 6; MMP, matrix metallopeptidase; CUL4A, cullin 4A; shRNA, short 
hairpin RNA; NC, negative control.
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