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Abstract: Epithelial-mesenchymal transition (EMT) is a key process involving acquisition of metastatic potential for 
cancer cells. Hepatocellular carcinoma (HCC) is a common cancer where metastasis is linked to patient survival. 
JUB has been reported to be involved in several physiological processes, however, pathological roles of JUB in tumor 
metastasis have been poorly studied. Here, we report that JUB is highly upregulated in clinical specimens and HCC 
cell lines. Through gain- and loss-of-function studies, JUB was demonstrated to facilitate HCC cell EMT. We found 
that JUB expression was upregulated in the HCC tissues compared to borderline or benign tissues. Experimental 
EMT induced by JUB plasmid transfection proved that JUB protein overexpression could enhance transwell migra-
tion ability and significantly upregulate mesenchymal marker proteins, N-cadherin and concurrently downregulate 
the epithelial marker E-cadherin. Subsequently, through Western blot assay, we found that JUB could activate the 
Wnt-signaling component β-catenin in the nuclei. Our findings revealed that JUB might be a key molecule regulating 
EMT through modulation of the Wnt/β-catenin signaling pathway.
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Introduction

Globally, hepatocellular carcinoma (HCC) is the 
fifth most common type of cancer. In the past 
few decades, molecular therapies targeting sig-
naling cascades involved in HCC development 
and progression have been explored. Sorafen- 
ib has been used as a first-line therapy for 
advanced HCC patients [1, 2]. However, clinical 
trials have found that on average, these 
patients only experience three months of ben-
efit from sorafenib treatment. Moreover, after 
sorafenib resistance, none of the tested drugs 
revealed positive responses as either first- 
or second-line treatment [3]. Therefore, it is 
important that new treatment strategies be 
developed.

A large number of liver cancer patients present 
with regional or distal metastatic cancer [4]. 
Epithelial-mesenchymal transition (EMT) is the 
key step to bestow metastatic potential to epi-
thelial cancer cells enabling them to invade, 

migrate, and disseminate to distant metasta-
ses [5, 6]. EMT is the dominant program in 
human cancer, robust EMT biology is highly 
prognostic for cancer recurrence [7]. Conse- 
quently, illustration of the molecular mecha-
nism underlying EMT may radically aid in the 
development of new therapeutic strategies 
against HCC. During EMT, epithelial cells lose 
their polarity, basement membrane and cell-
cell adhesion, and acquire spindle like morphol-
ogy providing greater ability for migration and 
invasion [8, 9]. EMT in carcinomas has been 
confirmed to generate cells with stem cell like 
properties and might be behind the generation 
of cancer stem cells [10, 11]. Corresponding to 
this theory, circulating tumor cells have been 
identified with the signatures of EMT. After 
attachment to the foreign site, the mesenchy-
mal cells are transported back to its cancerous 
epithelial parental state through epithelial tran-
sition. Induction of EMT in transformed epithe-
lial cells could induce cells with circulating 
tumor cell properties suggesting that EMT may 
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play a critical role in progression and metasta-
ses of cancer [12].

EMT changes will cause some special biomark-
ers could be detected and some signaling path-
ways activation. When EMT occurs, tumors are 
always accompanied by downregulation of epi-
thelial cell markers, such as E-cadherin, and 
upregulation of mesenchymal cell markers 
such as N-cadherin [13, 14]. Aberrant activa-
tion of the Wnt signaling pathway is regarded as 
the initiation of tumor cell EMT [15, 16]. The 
downstream pathway known as the Wnt/β-
catenin pathway could be activated by binding 
of Wnt proteins to their transmembrane cell 
receptors. The β-catenin protein is the key mol-
ecule in this pathway, and is stabilized by the 
molecule T-cell factor/lymphoid enhancer-bind-
ing factor-1 (TCF/LEF-1) to form a functional 
transcription factor that mediates metastasis 
[17]. Activation of the Wnt/β-catenin pathway 
can upregulate expression of the mesenchymal 
cell marker vimentin, which is also regard as  
an EMT marker [18]. Vimentin is normally 
expressed in migratory epithelial cells and in 
mesenchymal cells [19]. Vimentin is also over-
expressed in some malignant diseases [20]. 
Because the promoter has been confirmed to 
be a target of the β-catenin-TCF/LEF-1 tran-
scription factor, vimentin now is regarded as an 
EMT marker.

The LIM protein Ajuba family contains three 
members, JUB, LIMD1, and WTIP, and are char-
acterized by the conservation of a unique pre-
LIM region at the N-terminal, and the C-terminal 
with each domain containing of two zinc fingers 
[21-23]. Ajuba family proteins have been report-
ed to regulate many events in cells, including 
meiotic maturation of oocytes, DNA damage 
response, and embryonal cell proliferation and 
differentiation [24]. Liang et al. found that 
upregulated JUB induces EMT by acting as a 
corepressor of Snail and JUB is also required 
for Snail-induced EMT [24]. However, the ex- 
pression level, function and mechanisms of 
Ajuba family proteins in HCC remain largely 
unknown.

In this study, we report that the LIM protein JUB 
is overexpressed in HCC specimens and cell 
lines. Ectopic overexpression of JUB induces 
EMT and promotes migration and invasion in 
HCC cells. Silencing of JUB impairs EMT and 
inhibits migration and invasion in HCC cells. 

Furthermore, our findings indicate that JUB 
might be a key molecule regulating EMT 
involved in Wnt/β-catenin signaling pathway. 
JUB could provide a new theoretical basis for 
the treatment of HCC.

Materials and methods

Cell lines and clinical samples

The human HCC cell lines Hep3B, Huh-7 and 
HepG2 were purchased from the Cell Bank of 
the Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China). All of 
the cell lines were cultured in Dulbecco’s  
modified Eagle’s medium (DMEM; Gibco Life 
Technology, Carlsbad, CA, USA) containing 10% 
fetal bovine serum (FBS; Hyclone, Rockford, IL, 
USA), streptomycin (100 μg/mL), and penicillin 
(100 U/mL) at 37°C under 5% CO2 in a hu- 
midified incubator (Heracell 150i; Thermo Fi- 
sher Scientific, Langenselbold, Germany). For 
experiments, cells were serum-starved 24 h at 
70% confluence before treatment. Dickkopf-1 
(DKK1, 300 ng/ml) was used to block the Wnt/
β-catenin signaling pathway.

All 50 HCC cases from January 1, 2014 to 
December 31, 2016 were collected in this 
study and they were included according to the 
following criteria: i) first-time diagnosed HCC 
patients without any chemotherapy, radiothera-
py or any other treatment prior to surgery; and 
ii) without other tumors. The age of the patients 
ranged from 51 to 87 years. All samples and 
date were obtained with prior written informed 
consents from the patients and approved by 
the ethics committees of hospital. The malig-
nant and borderline tissues were obtained from 
the surgical pathology archives in the Nanjing 
Drum Tower Hospital. Follow-up data were con-
ducted using hospital medical records.

Immunohistochemistry analyses for JUB

Tissue sections were deparaffinized and rehy-
drated. Antigen was retrieved using heat-in- 
duced epitopes in 10 mM citrate buffer (Ph= 
6.0). Endogenous peroxidases were blocked  
for 5 min using 0.3% H2O2. The sections were 
incubated with mouse polyclonal primary anti-
JUB antibody (diluted 1:500, Abcam, USA) over-
night in a cool room. The next day, slides were 
treated with horseradish peroxidase-labeled 
secondary antibody after three PBS washes. To 
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evaluate JUB immunostaining, the percentage 
of positive cells and intensity of staining were 
analyzed. The intensity of immunostaining was 
estimated according to the following scores: 0, 
colorless; 1, buffer; 2, brownish yellow; and 3, 
dark yellow. The scores of the positive cell per-
centage were defined as follows: 0, ≤10%; 1, 
10%-25%; 2, 25%-50%; 3, 50-75%; and 4, 
>75%. We defined the scores ≤4 as low expres-
sion of JUB and 5-12 as high expression of JUB.

Quantitative polymerase chain reaction (q-
PCR)

Total RNA of the tissues or cells were extracted 
using the TRIzol total RNA extraction kit 
(Tiangen, China) according to the manufactur-
er’s instructions. The cDNA was synthesized 
using reverse transcription PCR kit (Tiangen, 
China) according to the manufacturer’s instruc-
tion. Gene expression at the mRNA level was 
evaluated by quantitative polymerase chain 
reaction (q-PCR) using Exicycler™ 96 Real-Time 
Quantitative Thermal Block (Bioneer, China). 
Amplification conditions were as follows: 95°C 
for 10 min; 40 cycles of 95°C for 10 s, 60°C for 
20 s and 72°C for 30 s. All samples were run in 
triplicate. Germany). The primers used to ampli-
fy JUB were: forward, AGAGGCCAGGGAGGA- 
CTACT, and reverse, GAGCAGCAAACAAAGCAC- 
TG. β-actin served as an internal control. The 
primers used to amplify β-actin were: forward, 
5’-ACCCACACTGTGCCCATCTA-3’, and reverse, 
5’-GCCACAGGATTCCATACCCA-3’. The relative 
changes in transcript levels were analyzed 
using ΔΔCt method by comparing Ct values  
of mRNA expression relative to the internal 
control.

Stable cell line establishment

For overexpression of JUB, the HCC cell line 
HepG2 was transfected with pSin-EF2-puro-
retro-JUB. For silencing of JUB, the HCC cell  
line Huh-7 was transfected with pSuper-retro- 
JUB-RNAi. The target sequences were: RNAi: 
GGACCGGGATTATCACTTT. For stable cell line 
establishment, pSin-EF2-puro-retro-JUB and 
pSuper-puro-retro-JUB-RNAi were packed into 
retrovirus in 293T cells. The viruses were har-
vested and HepG2 and Huh-7 cells were infect-
ed. After infection for 2 days, the cells were 
selected with medium containing 0.5 µg/mL 
puromycin over 1 week.

Scratch wound-healing and transwell assays.

Scratch wound-healing and transwell assays 
were used to evaluate the cell motility. For the 
scratch wound-healing assay, cells were seed-
ed in 6-well plates and grown to 90% conflu-
ence. After aspirating the growth medium, a 
scratch wound in the monolayer was made 
using a sterile pipette tip. The well plate was 
then washed with PBS to remove the cellular 
debris. The cells left were cultured in DMEM 
again. The width of the wound was measured in 
10 randomly screened fields by an Olympus 
microscope at 0, 24, and 48 h after incubation. 
Each test was performed in triplicate. 

For the transwell assay, cells were suspended 
in serum-free medium and seeded into the 
upper trans-well cell culture pre-coated with 
Matrigel (BD Biosciences, San Jose, CA, USA). 
The lower chamber was loaded with culture 
media containing 10% FBS. After incubation for 
24 h at 37°C in 5% CO2, cells were fixed with 4% 
paraformaldehyde and stained with 0.1% crys-
tal violet (Sigma, USA). Cells that migrated to 
the underside of the membrane were counted 
using light microscopy in five randomly selected 
areas. The results are representative of three 
independent experiments.

Western blotting

The cell lysates were collected and centrifuged 
at 20,000 rpm for 5 min at 4°C. The superna-
tant was transferred to a clean tube and pro-
teins concentrations were measured using the 
BCA Kit (Pierce, Rockford, IL, USA). Proteins 
were separated by 10% SDS-PAGE using 5% 
stacking gel and gradient separating gel with 6, 
8, 10, and 13%, then blotted onto nitrocellu-
lose membranes. Membranes were blocked 
with 5% skim milk for 1 h and incubated over-
night at 4°C with primary antibody. The primary 
antibodies used were anti-JUB 1:500; anti-
vimentin 1:500; anti-E-cadherin 1:1,000; anti-
N-cadherin 1:1,000; anti-β-catenin 1:1,000.  
All antibodies were purchased from Abcam 
(Cambridge, UK). Membranes were washed six 
times in TBST for 5 min and incubated with sec-
ondary antibodies, HRP-conjugated goat anti-
mouse/rabbit antibody (1:5,000; Invitrogen) for 
2 h at room temperature. After washing in TBST, 
the protein bands were visualized using ECL 
reagents (EMD Millipore). The optical density of 
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bands was analyzed by reflectance densitome-
try on a Gel-Pro Analyzer.

Statistical analysis

The χ2 test was used to compare clinicopatho-
logical parameters in patients with JUB protein 
expression. The SPSS 16.0 software (Chicago, 
USA) was used to analyze the enumeration 
data. Each experiment was performed at least 
3 times, on independent passages, usually in 
triplicates. Data were analyzed by Newman-
Keuls test using Statistical software as indicat-
ed and are presented as mean ± SEM. p<0.05 
was considered statistically significant. Results 
of time lapse microscopy experiments were 
analyzed with Wilcoxon test in R software.

Results

High expression of JUB in cancer cells is as-
sociated with HCC progression

To examine whether JUB involved in HCC pro-
gression, JUB mRNA and protein levels were 
tested in liver tissues from patients with differ-
ent HCC stages. The disease stage was classi-
fied by the Barcelona Clinic Liver Cancer (BCLC) 
system. Among the 50 pathologically diag-
nosed HCC patients, 15 had BCLC-stage A, 15 
BCLC stage B, and 20 BCLC-stage C. Expression 
of JUB was examined in all HCC tissues using 
an anti-JUB antibody. Immunostaining of JUB 
was detected in the majority of most HCC can-
cer cells (Figure 1A). As show in Figure 1B and 

Figure 1. Overexpressed levels of JUB expression in HCC tissues. A. Immunohistochemistry staining of JUB in liver 
carcinoma and para-carcinoma tissues. B. Real time PCR analysis of JUB expression in HCC patients with BCLC 
stage and para-carcinoma tissues. C. Western blot detect the JUB protein expression level in HCC patients with BCLC 
stage and para-carcinoma tissues, β-actin served as the loading control. (*P<0.05, compare to para-carcinoma).
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1C both mRNA and protein expression of JUB 
was notably elevated in HCC patients with 
BCLC stage C compared to those with para-
cancerous tissues. Real-time PCR and Western 
blot analyses showed that JUB was upregulated 
on average ≤1.9-fold in patients with BCLC-
stage C compared to those with BCLC-stage A 
or B (P=0.002). Figure 1B and 1C showed that 
there were no significant difference of JUB 
expression between patients with BCLC-stages 
A and B (P>0.05).

We divided 50 patients into JUB high and JUB 
low groups based on JUB immune positivity. 
Table 1 shows that 22 patients belonged to 
JUB high group and 28 JUB low group, respec-
tively. Correlations between JUB expression 
and clinicopathological features were further 
analyzed. Consistent with the findings based 
on real-time PCR and Western blotting, there 
was a significant difference in JUB expression 
level between BCLC-stages C and A (P=0.001) 

in substantially higher amounts and with oppo-
site E-cadherin changing in the cells (Figure 
2C). The results also revealed that the vectors 
had no effect on the protein expression.

Silencing JUB significantly represses the ability 
of invasion and metastasis and EMT marker 
expression

To further confirm the role of JUB in promoting 
EMT in the opposite way, Huh-7 was selected 
for depletion of the endogenous expression of 
JUB. The effect of JUB on Huh-7 cell migration 
was evaluated by scratch wound healing  
assay (Figure 3A). The motility and invasive 
ability were impaired by silencing of JUB. Fewer 
cells were presented in the under-surface  
of the transwell chamber membrane (Figure 
3B). The expression level of EMT markers, 
N-cadherin, vimentin and E-cadherin were 
detected by Western blotting. The results of 
this analysis confirmed that silencing of JUB in 

Table 1. Association between JUB expression and clini-
copathological characteristics of 50 HCC patients

Variables
Cases (n=50) JUB

P value*

n % High (22) Low (28)
Age (years)
    ≤60 32 64.00 14 18 0.889
    >60 18 36.00 8 10
Sex
    Male 43 86.00 20 23 0.156
    Female 7 14.00 2 5
Hepatitis B
    Absent 5 10.00 4 1 0.972
    Present 45 90.00 34 11
AFP
    Negative 18 36.00 11 7 0.653
    Positive 32 64.00 24 8
Tumor size
    ≤3 9 18.00 3 6 0.232
    >3 41 82.00 19 22 
Tumor number
    Single 39 78.00 19 20 0.232
    >Multiple 11 22.00 3 8 
BCLC-stage
    Stage A 15 30.00 3 11 0.001
    Stage B 15 30.00 4 10 0.002
    Stage C 20 40.00 15 5
Abbreviations and note: TNM, tumor-node-metastasis. *Pearson’s χ2 
test.

or B (P=0.002), while there was no signifi-
cant difference between BCLC-stages A 
and B. No other clinical characteristics, 
including age, gender, serum AFP level, 
hepatitis B virus infection, tumor number, 
tumor size, and Child-Pugh class were 
related to the expression of JUB.

High expression of JUB significantly 
enhances the ability of invasion and me-
tastasis and EMT marker expression

Promotion effect of JUB on HepG2 cell 
migration was evaluated by scratch 
wound healing assay (Figure 2A). At time-
point 0 h, cells were scraped and photo-
graphed. Migration of cells into wounded 
areas was effectively increased in the 
JUB group after 24 h. This result suggests 
that JUB promoted migration of the 
HepG2 cells. JUB promoting invasion of 
HepG2 cell invasion was determined by 
transwell invasion assay. JUB significant-
ly promoted invasion of the cells (Figure 
2B). The expression level of EMT mark-
ers, N-cadherin, vimentin and E-cadherin 
were compared between the JUB trans-
fected HepG2 cells and vector transfect-
ed HepG2 cells by Western blot assay. 
The results of this analysis confirmed 
that ectopic expression of JUB in HepG2 
cells produced N-cadherin and vimentin 
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Huh-7 cells produced N-cadherin and vimentin 
in substantially lower amounts and with  
opposite E-cadherin changing in the cells 
(Figure 3C).

Metastasis is an important step of HCC pro-
gression. In this study, we focused on the clini-
cal importance of JUB in HCC, and found  
that there was a positive association betw- 

The role of JUB on regulating 
β-catenin expression

To verify whether JUB promot-
ed HCC cell EMT through the 
Wnt/β-catenin signaling path-
way, β-catenin protein levels 
of the cell lysates were ana-
lyzed. The results showed that 
the protein level of β-catenin 
in the JUB cells was signifi-
cantly increased compared 
with vector transected cells, 
JUB-silenced cells, and con-
trol cells (Figure 4A). DKK1, 
the β-catenin inhibitor, was 
used to co-incubate the JUB 
transfected HepG2 cells for 
48 h. β-catenin expression 
was activated after JUB in- 
creased significantly after 
DKK1 co-incubation. However, 
expression JUB of was not 
affected. This suggested that 
JUB is an upstream protein 
inducing EMT through activat-
ing the β-catenin pathway 
(Figure 4B).

Discussion 

JUB have been reported to 
regulate many events in cells. 
However, the clinical role of 
JUB in HCC progression and 
the molecular mechanisms 
have remained unclear. In this st- 
udy, we show that JUB expres-
sion is correlated with clinical 
features of HCC, including in- 
vasive ability and BCLC st 
aging. Furthermore, we found 
that increase expression of 
JUB enhances the migration, 
invasion capacity, and EMT of 
HCC cells by activating the 
Wnt/β-catenin signaling path- 
way.

Figure 2. Overexpression of JUB enhances the motility and invasion of 
HepG2 cell and regulates EMT related gene expression. A. In vitro wound-
healing assay. Confluent cell cultures were scratched with a pipette tip to 
produce a wound and analyzed by time-lapse video microscopy. Images of 
the wounded area immediately (0 hours) and 24 hours after the incision was 
made are shown. B. Invasion assay was performed with transwell-inserts 
coated with Matrigel. Images were taken with invert microscope (magnifica-
tion, x100). C. Western blot analysis of E-cadherin, N-cadherin and Vimentin 
in HepG2 cell, in response to JUB over-expression. β-actin was used as load-
ing control.

Figure 3. Knockdown of JUB inhibits the motility and invasion of Huh-7 cell 
and regulates EMT related gene expression. A. In vitro wound-healing assay. 
Confluent cell cultures were scratched with a pipette tip to produce a wound 
and analyzed by time-lapse video microscopy. Images of the wounded area 
immediately (0 hours) and 24 hours after the incision was made are shown. 
B. Invasion assay was performed with transwell-inserts coated with Matrigel. 
Images were taken with invert microscope (magnification, x100). C. Western 
blot analysis of E-cadherin, N-cadherin and Vimentin in Huh-7 cell, in re-
sponse to JUB over-expression. β-actin was used as loading control.



Silencing of JUB inhibits migration and invasion in HCC cells

1380 Int J Clin Exp Pathol 2018;11(3):1374-1382

een JUB expression and HCC metastasis pro-
gression. As metastasis and invasion are major 
factors in the progression of HCC, we propose 
that JUB might be involved in HCC metastasis. 
Furthermore, we show that JUB expression  
was correlated with metastasis and invasion. 
First, we found that overexpression of JUB was 
associated with HCC metastasis in HCC tissues 
and cells. This result was consistent with a 
report that silencing of JUB resulted in inhibi-
tion of cell migration and invasion in Huh7 cells 
[25]. The migration and invasion capacities of 
HCC were increased in HepG2-JUB cell lines, 
suggesting that in JUB may function to promote 
HCC metastasis in patients. So far, few studies 
have explored how JUB regulate HCC 
metastasis.

It is known that EMT is very important in cancer 
metastasis and other human diseases [26-28]. 
A key step in the EMT is downregulation of 
E-cadherin [29]. In the process of cell adhe-
sion, the E-cadherin-catenin complex plays an 
important role. Its dysfunction has been asso-
ciated with an increased cell invasiveness and 
metastasis and reduction in cell differentiation. 
As a negative regulator of E-cadherin, snail is 
one of the key transcription factors promoting  
EMT [30]. Moreover, the mesenchymal marker 
N-cadherin has been particularly associated 
with metastatic dissemination in human can-
cers [31]. In this study, we found that JUB could 
modulate the EMT program of HCC cells. As an 
epithelial cell marker, vimentin was positively 
correlated with JUB expression levels. HepG2-
JUB cells showed enhance EMT, indicated by 
enhanced motility and invasiveness, decreased 
expression of E-cadherin, and increased ex- 
pression of vimentin and N-cadherin compared 

to vector. Silencing of JUB in Huh-7 cells dra-
matically impaired EMT, leading to impaired 
motility and invasiveness, increased expres-
sion of E-cadherin, and decreased expression 
of vimentin and N-cadherin compared with con-
trol cells.

Many reports have shown that EMT was regu-
lated various signaling pathways [16]. We found 
that JUB regulates EMT and metastasis through 
the Wnt/β-catenin signaling pathway. Although 
Wnt/β catenin activation might not be required 
for the final effects, it is necessary for EMT. It 
was reported that tumor cells undergo EMT in 
response to Wnt/β-catenin activation. Inhibition 
of the pathway could induce a reversal in the 
expression of protein markers of EMT [32]. The 
results of our study show that JUB upregulation 
modulates Wnt/β-catenin activity in HepG2 
cells so that HCC may obtain the ability of meta-
static and invasion by this pathway activity. It is 
still unknown whether JUB is an indispensable 
molecule or just facilitates cell EMT. Its overex-
pression represents an important initiation 
step for HCC to gain a metastatic and/or inva-
sion advantage. Intriguingly, when HepG2-JUB 
was co-cultured with Wnt/β-catenin inhibitor 
DKK1, the β-catenin protein expression was 
significantly inhibited but the JUB expression 
maintaining the normal. So, it can be presumed 
that JUB overexpression is necessary for induc-
tion of HCC EMT progression. JUB acts as the 
upstream molecule in this signaling pathway in 
favor of EMT. This result indicates that JUB may 
be an essential bio-factor in HCC metastasis 
and invasion, and that its depletion might be 
accompanied by inhibition of EMT and could be 
a new therapeutic target in metastatic carcino-
ma. These results also reveal that JUB mainly 
induces EMT via Wnt/β-catenin signaling path-
way in HCC.

In conclusion, our findings suggest that JUB 
stimulates the invasiveness and metastasis of 
HCC cells. JUB may promote the EMT of HCC 
cells through Wnt/β-catenin signaling path-
ways. Thus, JUB might be a potential indicator 
of HCC EMT and metastasis, and our studies 
provide a theoretical basis for therapeutically 
targeting JUB for the treatment of HCC.
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