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Effect of CUL4A on the metastatic potential
of lung adenocarcinoma to the bone
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Abstract. Cullin 4A (CUL4A) is a member of the cullin family
of proteins and has been demonstrated to be abnormally
expressed in various types of malignancies. However, the
function of CUL4A in metastasis of lung adenocarcinoma
to the bone has rarely been reported. The aim of present of
the study was to explore the biological functions and poten-
tial underlying molecular mechanisms of CUL4A in lung
adenocarcinoma, highlighting a novel therapeutic target for
the diagnosis and treatment of patients with lung adenocarci-
noma. A549-CUL4A, H1299-CUL4A and H460-shCUL4A
cells were created using lentiviral infection. The efficiency
of knockdown or overexpression was assessed using reverse
transcription-quantitative PCR and western blotting. The
effects of CUL4A on proliferation, migration and invasion of
lung adenocarcinoma cells in vitro and metastasis to the bone
in vivo were determined using an MTT assay, colony forma-
tion assay, wound-healing assay, Transwell assay and a mouse
model of bone metastasis. The relationship between CUL4A
and the EMT-activator zinc finger E-box binding homeobox 1
(ZEBI) were detected by western blotting. The results showed
that overexpression of CUL4A in lung adenocarcinoma cells
increased proliferation, migration and invasion, and increased
metastasis of A549 to the bones in vivo. Silencing of CUL4A
expression in lung adenocarcinoma cells reduced proliferation,
migration and invasion in vitro. Mechanistically, CUL4A
transcriptionally upregulated expression of ZEBI which
resulted in epithelial-mesenchymal transition, which in turn
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promoted metastasis of lung adenocarcinoma to the bones.
Taken together, these results suggest that CUL4A may serve
an important regulatory role in the development of metastasis
of lung adenocarcinoma to the bone.

Introduction

Non-small cell lung cancer (NSCLC) is the most common type
of lung cancer and accounts for ~85% of all lung cancer cases,
and is one of the leading causes of cancer-associated mortality
worldwide (1-3). Adenocarcinoma is the fastest growing subtype
of NSCLC, and the 5-year survival rate is <20% (4), and 30-40%
of patients with advanced stage lung cancer develop bone
metastases, resulting in skeletal-related events which, in-turn
cause hypercalcemia, pathological fractures, spinal compres-
sion and bone pain, leading to poor prognoses (5). Exploring
the underlying molecular mechanisms of lung cancer metastasis
to the bone has gained increasing interest, particularly for the
exploration of novel therapeutic targets.

Cullin 4A (CUL4A) is an 87-kDa protein and is a
member of the cullin family of proteins. CUL4A forms part
of the multifunctional ubiquitin ligase E3 complex (6). The
ubiquitin-proteasome pathway serves an important role in
the degradation of proteins, including several well-defined
tumor-suppressor genes, such as p21, p27 and p53 (7).
Additionally, it has been reported that CUL4A is abnormally
expressed in various types of malignancies (7). Therefore,
CUL4A may act as an oncogene to promote tumor progression;
however, the association between CUL4A and metastasis of
lung adenocarcinoma to the bone has not been reported.

Epithelial-mesenchymal transition (EMT) is the initial
event in the tumor metastatic process, which promotes the
dissemination of tumor cells from the primary lesion to coloni-
zation at distant sites (8). Zinc finger E-box binding homeobox
1 (ZEBI) is a transcriptional activator of EMT, and it represses
expression of epithelial genes by binding to the promoter
regions of E-boxes, inducing EMT and thus promoting
cancer metastasis (9). Furthermore, ZEBI has been reported
to promote metastasis of lung cancer to the bone in vivo (10).
Therefore, clarifying the association between CUL4A and
ZEBI may improve our understanding of metastasis of lung
cancer to the bone.
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The present study revealed that CUL4A overexpression
promoted proliferation, migration and invasion of lung adeno-
carcinoma cells in vitro and metastasis of lung cancer to the
bones in vivo. Knockdown of CUL4A had the opposite effects
on the biological behaviors of lung adenocarcinoma cells
in vitro. Mechanistically, CUL4A induced EMT and promoted
metastasis of lung adenocarcinoma to the bone by regulating
the transcriptional expression of ZEBI. These results provide
novel insight into the mechanistic role of CUL4A in metastasis
of lung adenocarcinoma to the bone, suggesting that CUL4A
may serve as a potential therapeutic target for patients with
advanced lung adenocarcinoma.

Materials and methods

Cell lines and cell culture. The human lung adenocarcinoma
cell lines A549, H1299 and H460 were purchased from the
American Type Culture Collection (ATCC) and have been
preserved in our laboratory in a liquid nitrogen storage tank.
Cells were grown in culture flasks with RPMI-1640 medium
(Gibco; Thermo Fisher Scientific, Inc.) containing 10% FBS
(Biochrom, Ltd.) with 5% CO, at 37°C in an incubator.

Reverse transcription-quantitative (RT-q)PCR. Total RNA
was extracted from cells using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) and reverse-transcribed into
cDNA using a QuantiNova™ Reverse Transcription kit
(Qiagen GmbH) according to the manufacturer's protocol.
The quantification of gene transcripts was determined using
gPCR using a QuantiNova™ SYBR Green PCR kit (Qiagen
GmbH) on a Mx3005P qPCR system (Agilent Technologies,
Inc.). The thermocycling conditions were: Pre-denaturation at
95°C for 2 min; followed by 40 cycles of denaturation at 95°C
for 10 sec and annealing at 60°C for 30 sec. Gene expression
was quantified using the 2224 method (11). The sequences
of the PCR primers were as follows: CUL4A forward, GGC
TCCAAGAAGCTGGTCAT and reverse, CTGATGGAG
GTGCTGCTCTG; GAPDH forward, GAAGGTGAAGGT
CGGAGTC and reverse, GAAGATGGTGATGGGATTTC.
GAPDH was used as the internal control.

Protein extraction and western blot analysis. Total protein
was extracted from cells using RIPA lysis buffer (Beyotime
Institute of Biotechnology Biotechnology), and the protein
concentration was quantified using a bicinchoninic acid
protein assay kit (Pierce; Thermo Fisher Scientific, Inc.).
Subsequently, 20 ug of protein was loaded on a 10% SDS gel
and resolved using SDS-PAGE. Resolved proteins were trans-
ferred to PVDF membranes, and the membranes were blocked
in 5% fat-free milk for 1 h at room temperature and incubated
overnight at 4°C with specific primary antibodies against
CULA4A (dilution 1:500; cat. no. 14851-1-AP; ProteinTech
Group, Inc.), p-actin (dilution 1:10,000; cat. no. 051M4892;
Sigma-Aldrich; Merck KGaA), E-cadherin (dilution 1:1,000;
cat. no. MABT26; Merck KGaA), Vimentin (dilution 1:1,000;
cat. no. MABT26; Merck KGaA), ZEBI (dilution 1:500; cat.
no. 21544-1-AP; ProteinTech Group, Inc.). After incubation
with the primary antibodies, the membranes were incubated
with horseradish peroxidase-conjugated goat anti-mouse/rabbit
secondary antibody (dilution 1:2,500; Beijing Zhongshan
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Jingiao Biotechnology Co., Ltd.) for 1 h at room temperature,
and signals were visualized using chemiluminescence reagent
(Pierce; Thermo Fisher Scientific, Inc.) and analyzed using
Alphalmager 2200 software version 3.2.1.2 (Alpha Innotech
Corporation). [3-actin was used as the loading control.

Stable transfection. Short hairpin (sh)RNAs
(CUL4A-shRNA28399-1, 5-GCAGAACTGATCGCAAAG
CAT-3"; CUL4A-shRNA28400-1, 5-CCAGAATATCTTAAC
CATGTA-3"; CUL4A-shRNA28402-1, 5-GCAGGTGTATAA
AGATTCATT-3') targeting CUL4A (CUL4A-GV248-RNAi
NM_001008895, target sequence: GCAGAACTGATCGCA
AAGCAT), control shRNA (NC-GV248, target sequence:
TTCTCCGAACGTGTCACGT), recombinant CUL4A
lentivirus (homo; NM_001008895), CUL4A-NC lentivirus
(Ubi-MCS-3FLAG-SV40-puromycin) and Luciferin-LV
(Ubi-MCS-Luc-IRES-Puromycin) were synthesized by
Shanghai GeneChem Co., Ltd. (Shanghai, China), with virus
titers of 1x10°, 1x10°, 1x10°, 1x10° and 5x10® TU/ml. The
CULA4A overexpression lentiviral vector (CUL4A-LV) was
respectively infected into A549 and H1299 cells at a multi-
plicity of infection (MOI) of 80 and 40 with complete medium
containing ENi.S and Polybrene (Shanghai GeneChem
Co., Ltd.). Similarly, H460 cells were infected with the
CUL4A-shRNA lentivirus at a MOI of 100 to knock down
CUL4A expression, and NC-shRNA was used as the nega-
tive control. Transfections were performed according to the
manufacturer's instructions. The infected cells were selected
for 2 weeks using a medium with a concentration of 2.0 ug/ml
puromycin to obtain stably transfected cells. Then the puro-
mycin level in the culture medium was maintained at 1 yg/ml.
Luciferin-LV virus was used to infect both A549-CUL4A
and A549-NC cells for viewing the distribution of tumor cells
in vivo. The efficiency of knockdown or overexpression was
assessed using RT-qPCR and western blotting.

MTT assay. Cells in the logarithmic growth phase were
collected and seeded into 96-well plates at a density of
2x10° cells/well. A total of eight 96-well plates were cultured
as described above. On the following days, a 96-well plate
was taken out at a fixed daily time every 24 h, MTT solution
(5 mg/ml) was added (20 ul/well), and the plate was incubated
at 37°C for a further 4 h. The medium was carefully discarded
and 150 ul of DMSO was added. The 96-well plate was
agitated for 10 min to dissolve the formamidine completely,
and the absorbance value was measured at a wavelength of
490 nm on a microplate reader (Multiskan MK3; Thermo
Fisher Scientific, Inc.). This assay was performed in triplicate.

Colony formation assay. The cells in the logarithmic growth
phase were harvested and plated in a 6-well plate at a density
of 200 cells/well, and the plate was incubated as described
above for two weeks. Subsequently, the cells were stained
with 0.25% crystal violet for 20 min at room temperature.
Subsequently, cell colonies (>50 cells) were counted manually.
This assay was performed in triplicate.

Wound-healing assay. The cells in the logarithmic growth
phase were plated in a 6-well plate at a density of 5x10° cells/well
and cultured in RPMI-1640 medium supplemented with 10%
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FBS, for 24 h until the cells reached ~90% confluence. The
cell monolayer was scratched using a 200-u1 pipette tip, and
the cell debris was washed away with PBS. Then, the cells
were cultured in serum-free RPMI-1640 medium for 24 h. The
wounds were imaged at x4 magnification using an inverted
light microscope at O and 24 h after the scratch was made.
The distance of the migration relative to the initial distance
was calculated, and the migration distance was analyzed using
Image]J (version 1.8.0; ImageJ, Inc.). This assay was performed
in triplicate.

Cell invasion assay. Transwell inserts (8.0-ym pore size)
were coated with 70 ul Matrigel (1:8 dilution; both from
Corning Inc.). Cells in the logarithmic growth phase were
harvested and resuspended to a density of 1x10° cells/ml in
serum-free RPMI-1640 medium. The single-cell suspension
was plated into the upper chamber (200 ul/well). A total of
500 ul RPMI-1640 medium supplemented with 10% FBS was
added to the bottom chamber. The chambers were incubated
as described above for 24 h. Subsequently, the non-invading
cells in the upper chamber were gently wiped off using cotton
swabs, whereas cells that had invaded through the Matrigel
were fixed in 95% ethyl alcohol for 5 min at room tempera-
ture and stained with 0.5% crystal violet for 20 min at room
temperature. Subsequently, 10 randomly selected fields were
imaged using a light microscope at x200 magnification, and
the number of invaded cells were counted. This assay was
performed in triplicate.

In vivo metastasis. All experiments involving animals
were performed in accordance with the protocol approved
by the Laboratory Animal Care of the Air Force Military
Medical University (Xi'an, China). In the present study, 10
4-week-old female NOD-SCID mice weighing 15-17 g were
obtained from Hunan SJA Laboratory Animal Co., Ltd.
(http://zzx0251.bioon.com.cn/). Mice were randomly divided
into two groups, each group consisting of 5 mice, and fed in
a special pathogen-free grade animal facility at the Air Force
Military Medical University. The mice were housed with a
12-h light/12-h dark cycle environment at 22°C; ventilation
rate, 15/h; the food was sterilized with Cobalt-60 irradiation
and water was autoclaved; and the mice had ad libitum access
to food. A549-CUL4A and A549-NC cells in logarithmic
growth phase were harvested with PBS to a single cell suspen-
sion with a density of 1.5x107 cells/ml. Single cell suspensions
(3x10°cells/200 ul) were injected into the mice via the tail vein.
The health and progression of the tumor mass in the mice was
examined weekly from the fifth week after injection onwards.
When the experimental mice began to develop symptoms
such as lameness, joint stiffness, decreased exercise capacity,
paraplegia, or the experiment reached 42 days, the experiment
was immediately terminated. D-Luciferin solution (150 pl)
(20 mg/ml) was intraperitoneally injected into the mice. After
10 min, the mice were sacrificed humanely in a transparent
euthanasia device (ventilated 3% isoflurane for induction of
anaesthesia and subsequent ventilated 1.5% isoflurane for
maintenance of anaesthesia) and placed in a prone position
on the in vivo Imaging system (Carestream Health, Inc.) to
capture X-ray images and biofluorescence imaging of the mice
for examination of metastasis to the bone.
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Statistical analysis. A Student's t-test or one-way ANOVA was
used to analyze statistical differences of the effect of CUL4A
on cell proliferation, colony formation, migration and inva-
sion and data are presented as the mean + standard deviation
of three replicates. A Wilcoxon rank sum test was used to
analyze the bone metastasis data in vivo. Statistical tests were
performed using SPSS (version 13.0.0; SPSS, Inc.). P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression of CUL4A in human lung adenocarcinoma cell
lines. CUL4A expression was determined in A549, H1299
and H460 cells. The results showed that the expression level
of CUL4A in the H460 cells was higher when compared with
the A549 and H1299 cells (Fig. 1A and B). Furthermore,
transfection efficiency of CUL4A was analyzed using
RT-qPCR and western blotting. CUL4A mRNA (Fig. 1C)
and protein (Fig. 1D) expression levels in A549-CUL4A and
H1299-CULA4A cells were both stably increased compared
with the respective control cells, and the expression levels
of CUL4A in H460-shCUL4A cells were stably decreased
compared with the parental H460-NC cells (Fig. 1E and F).

CULA4A increases the proliferative capacity of lung
adenocarcinoma cells. The effect of CUL4A on the prolif-
erative capacity of lung adenocarcinoma cells was determined
using an MTT assay (Fig. 2A, C and E) and colony forma-
tion assays (Fig. 2B, D and F). Compared with the respective
vector-only controls, both A549-CUL4A and H1299-CUL4A
cells exhibited significantly increased cell proliferation and
colony formation. Conversely, silencing of CUL4A expression
in the H460 cells significantly reduced cell proliferation and
colony formation compared with the control H460 cells.

CULA4A increases the migratory and invasive capacity of
lung adenocarcinoma cells in vitro. The effect of CUL4A
on cell migration was first assessed using a wound-healing
assay (Fig. 3A). Both A549-CUL4A (0.48+0.025) and
H1299-CUL4A (0.40+0.020) cells had significantly
faster wound closure rates compared with the respective
controls (0.25+0.050 and 0.33+0.025, respectively), and
conversely the wound closure rate of the H460-shCUL4A
cells (0.10+£0.020) was slower compared with the respec-
tive control cells (0.18+0.029). Additionally, A549-CUL4A
(156+21.08) and H1299-CUL4A (137+13.53) cells showed
a greater degree of invasion in the Matrigel invasion assays
compared with the respective control cells (84+12.77 and
68+16.65, respectively; Fig. 3B and C). In contrast, silencing
of CUL4A expression in H460 cells significantly reduced the
invasive capacity of H460 cells (82+11.00 and 155+17.69,
respectively; Fig. 3D). These results indicate that CUL4A
promotes the migratory and invasive capacity of lung adeno-
carcinoma cells.

CULAA overexpression facilitates bone metastasis in vivo. To
explore the biological role of CUL4A overexpression in the
metastasis of lung adenocarcinoma to the bone, an experimental
bone metastatic mouse model was constructed. A549-CUL4A
cells were injected into NOD/SCID mice through the tail vein
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Figure 1. Expression levels of CUL4A in lung adenocarcinoma cells. CUL4A expression was analyzed using (A) reverse transcription-quantitative PCR and
(B) western blotting in A549, H1299 and H460 cells. P<0.01 vs. H460. (C) mRNA and (D) protein expression levels of CUL4A in cells transfected with a
CUL4A overexpression vector. P<0.001 vs. respective NC. (E) mRNA and (F) protein expression levels of CUL4A in cells transfected with the lentiviral
knockdown vectors. P<0.001 vs. respective NC. CUL4A, cullin4A; NC, negative control; sh, short hairpin.

and the mice were assayed for the development of bone meta-
static lesions. Compared with the control group, the injection
of A549-CULA4A cells resulted in a significant increase in
bone metastatic lesions (Fig. 4; Table I). Taken together, these
results suggested that CUL4A overexpression had the potential

to promote the metastatic ability of lung adenocarcinoma bone
metastasis in vivo.

CULA4A promotes metastasis of lung adenocarcinoma to the
bone via ZEBI-mediated induction of EMT. In order to gain
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Figure 2. Effect of CUL4A on the proliferation of lung adenocarcinoma cells. (A) Proliferation of A549-NC and A549-CUL4A cells determined using an MTT
assay. (B) Colony formation assays of A549-NC and A549-CULA4A cells. (C) Proliferation of H1299-NC and H1299-CULA4A cells determined using an MTT
assay. (D) Colony formation assays of H1299-NC and H1299-CULA4A cells. (E) MTT assay and (F) colony formation assay of H460-NC and H460-shCUL4A
cells. "P<0.05, “P<0.01 vs. respective NC. CUL4A, cullin4A; OD, optical density; NC, negative control.

insight into the mechanism by which CUL4A promotes bone
metastasis of A549 cells, western blot analysis was used to
examine expression of the EMT-activator ZEBI and well-char-
acterized EMT markers in lung adenocarcinoma cells (Fig. 5).
The results showed that expression of the EMT-activator
ZEBI, and the mesenchymal marker vimentin, were markedly
increased compared with the control, and expression of the
epithelial marker E-cadherin was markedly decreased in lung
adenocarcinoma cells overexpressing CUL4A, compared with
the respective control cells. However, the expression levels
of these proteins were reversed in the CUL4A-silenced lung
adenocarcinoma cells. Therefore, these findings suggest that
CUL4A may promote metastasis of lung adenocarcinoma to
the bone via ZEBI-mediated induction of EMT.

Discussion
In the present study it was shown that CUL4A expression

was associated with metastasis of lung adenocarcinoma.
Upregulation of CUL4A expression in lung adenocarcinoma

cells increased proliferation, migration and invasion in vitro
and increased metastasis to the bone in vivo. Conversely,
silencing of CUL4A resulted in the opposite effects in the
H460 cells. Mechanistically, the transcriptional expression
levels of ZEBI were associated with CUL4A expression.
CUL4A is a member of the evolutionarily conserved
cullin family of proteins, which consists of seven-related
cullins (Cull, Cul2, Cul3, Cul4A, Cul4B, Cul5, and Cul7) (12).
CULA4A forms part of the ubiquitin ligase E3 complex, and
serves a crucial role in DNA replication, cell cycle regula-
tion and genomic instability (13-17). Previous studies have
demonstrated that CUL4A acts as an oncogene in various
types of tumors and promotes cancer development, including
lung cancer, breast cancer, prostate cancer and other types of
cancer (7,18-20) and its upregulation is associated with less
favorable outcomes (21), which further supports the results
of the present study. Therefore, CUL4A may be a potential
anticancer target due to the fact that several well-known
tumor-suppressor genes, including p21, p27 and p53, are ubiq-
uitinated and degraded by the CUL4A-mediated E3 ubiquitin
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Figure 3. Effect of CUL4A on metastasis of lung adenocarcinoma cells. (A) Representative images (x4 magnification) of a wound-healing assay. Representative
images (x200) and statistical analysis of invasion of (B) A549-NC and A549-CUL4A, (C) H1299-NC and H1299-CUL4A, and (D) H460-NC and H460-shCUL4A
cells in a Transwell invasion assay. Data are expressed as the mean + standard deviation. CUL4A, cullin4A; NC, negative control; sh, short hairpin.

proteasome system (17,22,23). In a CUL4A-defcient mouse  metastasis of lung cancer through regulation of ANXAI0 (25).
model of skin cancer, significantly increased resistance to  Similarly, in the present study, it was demonstrated that CUL4A
UV-induced skin cancer was observed (24). In addition, a  overexpression served a significant role in promoting develop-
recent study reported that CUL4A modulates invasion and  ment of lung adenocarcinoma. The present study highlights
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Figure 4. D-luciferin biofluorescence and representative X-ray images of bone metastasis in the mouse models. Control mice injected with A549-NC
cells. Lung tumor development was assessed in vivo using (A) luciferase imaging and (B and C) normal bone tissues were detected using X-ray imaging.
Experimental mice were injected with A549-CUL4A cells and metastasis to the bone was assessed in vivo using (D) luciferase imaging and as the arrows
indicate (E and F) osteolytic bone metastasis lesions in the tibia in the mouse were visualized using X-ray imaging. NC, negative control; CUL4A, cullin4A.

Table I. Incidence of bone metastases and the number of meta-
static lesions formed in the NOD-SCID mice.

Cell line Incidence No. of bone metastases
A549-NC 1/5 0.2+0.45
A549-CUL4A 4/5 1.6+1.142

*P<0.05 vs. control group. CULAA, cullin 4A.

a novel function of CUL4A in metastasis of lung adenocarci-
noma to the bone through transcriptional upregulation of the
EMT-activator ZEBI.

EMT is considered as the initial event during the development
of metastasis of cancer, and is crucial for dissemination of tumor
cells from primary sites and to colonize at distant tissues (26,27).
ZEBI, a transcriptional repressor, is an essential inducer of EMT,
and physiologically is required for the regulation of skeletal
morphogenesis. Kerstin et al (28) reported that ZEBI stimulates
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Figure 5. CUL4A mediates ZEBI-induced epithelial-mesenchymal transi-
tion. Expression of ZEBI and mesenchymal markers were upregulated
and expression of epithelial markers were decreased in A549-CUL4A and
H1299-CULA4A cells. Expression of mesenchymal proteins were decreased
and expression of epithelial proteins were increased in the H460-shCUL4A
cells compared with the H460-NC cells. CUL4A, cullin4A; ZEBI, zinc finger
E-box binding homeobox 1; NC, negative control; sh, short hairpin.
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BMP-inhibitor mediated osteoclast differentiation and promotes
metastasis of breast cancer to the bone. Studies have suggested
that ZEBI may serve an import role in progression of lung
adenocarcinoma (29,30) and significantly increase metastasis of
lung cancer to t he bone (31), suggesting that ZEBI is a critical
regulator of bone migration of lung cancer cells. Additionally, it
has also been reported that CUL4A transcriptionally activates
ZEBI through modulation of histone H3K4me3, inducing EMT
and promoting metastasis of breast cancer (32). CUL4A is
associated with lung cancer cell proliferation and expression is
associated with resistance to chemotherapy (20). However, the
detailed mechanisms underlying CUL4A-mediated lung adeno-
carcinoma bone metastasis remain unknown. Therefore, in the
present study, the means by which CUL4A induces EMT and
promotes metastasis was examined, and it was demonstrated that
CULA4A is associated with ZEBI expression in lung adenocarci-
noma cells, highlighting a potentially novel therapeutic target for
prevention of bone metastasis in patients with lung cancer. The
results of the present study showed that lung adenocarcinoma
cells overexpressing CUL4A exhibited aggressive behaviors,
including increased proliferation, migration and invasive
capacities in vitro. Silencing of CUL4A reversed these biological
functions. In vivo, it was demonstrated that CUL4A overex-
pression was significantly positively associated with increased
bone metastatic lesions compared with the control group.
These results are supported by Yang et al (31), Wang et al (32)
and Kerstin et al (28), where it was demonstrated that ZEB]
expression is positively associated with CUL4A expression, and
upregulation of ZEBI expression promotes bone metastasis of
lung and breast cancer. Therefore, CUL4A may serve as a novel
therapeutic target for prevention of metastasis of lung cancer to
the bone.

Taken together, aberrant upregulation of CUL4A expres-
sion upregulates the expression levels of ZEBI, which in-turn
increases expression of EMT-associated proteins and increases
invasion and metastasis. This may underlie the mechanism by
which CUL4A increases metastasis of lung adenocarcinoma
to the bone.
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