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Objective: Ubiquitin-related modifier 1 (URM1) is a member of the ubiquitin-like regulator 
family, which acts as a post-translational protein modifier in the oxidative emergency 
response mechanism. Previous studies have shown that URM1 may be involved in the 
process of apoptosis and may play a role in JNK signaling pathway. In this study, we 
aimed to investigate the role and possible mechanism of URM1 in HCC progression.
Patients and Methods: Expression of URM1 was determined in 90 pairs of matched liver 
cancer and adjacent non-cancerous tissues by immunohistochemistry. The impacts of URM1 
on HCC cell proliferation, apoptosis, migration and invasion capacities were verified by 
CCK-8, colony formation, TUNEL staining, wound healing assay and transwell, respec
tively. Then, the effect of URM1 on subcutaneous tumor formation in vitro was explored by 
nude mouse xenograft model of liver cancer. Finally, the expression of apoptosis-related 
proteins was analyzed in URM1 knockdown samples by Western blotting.
Results: In this study, compared with paired adjacent non-cancerous tissues, the expression 
of URM1 was higher in liver cancer tissues (P <0.01). Kaplan–Meier survival analysis 
showed that high URM1 expression was significantly associated with poor prognosis (P 
<0.05). Moreover, URM1 knockdown inhibited liver cancer cell proliferation and migration. 
Furthermore, URM1 knockdown promoted apoptosis of liver cancer cells. At the same time, 
URM1 knockdown inhibited tumor growth in nude mouse xenograft model of liver cancer. In 
addition, URM1 knockdown downregulated the expression of the apoptosis-related factors 
JNK1/2 and TP53 and upregulated the phosphorylation of JNK1/2 and P53.
Conclusion: In summary, our results suggested that URM1 expression is increased in liver 
cancer tissues, and URM1 knockdown inhibits the proliferation and migration of liver cancer 
cells and accelerates apoptosis. High URM1 expression is associated with poor prognosis in 
patients with HCC.
Keywords: hepatocellular carcinoma, URM1, proliferation, migration, apoptosis, JNK 
signaling pathway

Introduction
Hepatocellular carcinoma (HCC) is the most common pathological type of primary 
liver cancer. According to the latest world cancer statistics, HCC is the fifth most 
common cancer in men and the seventh most common cancer in women. It is 
ranked third among cancer-related causes of death worldwide.1–3 Currently, the 
most effective treatment for HCC is surgical resection and liver transplantation, but 
the 5-year survival rate of patients is still low.4 The occurrence of HCC is a multi- 
gene, multi-step complex process, which is based on the accumulated effects of 
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oncogene activation and tumor suppressor gene 
inactivation.5–8 Although some studies have shown that 
epigenetic changes occur in a number of known signaling 
pathway molecules in the development of HCC, the com
plicated molecular mechanism of liver cancer remains to 
be fully clarified.9 Molecular targeted drugs such as sor
afenib provide a new method for the treatment of 
advanced HCC; however, the effectiveness of is unsatis
factory. In addition to acting on cancer cells, sorafenib also 
has side-effects on normal cells, so molecular targeted 
therapy for liver cancer remains a huge challenge.10 

Thus, it is necessary to clarify the key genes and molecular 
mechanisms responsible for the rapid growth, tumorigeni
city and metastasis of liver cancer.

Our previous research showed that voltage-dependent 
anion channel 1 (VDAC1) is closely related to the occur
rence of HCC. VDAC1 expression is increased in HCC, 
and its expression level in tumor tissues is related to 
various clinical pathological parameters such as TNM 
staging, histological differentiation, and distant metastasis, 
which affect the prognosis of patients. We also showed 
that VDAC1 promotes the proliferation, migration and 
migration of liver cancer cells in vitro.11 However, the 
occurrence and development of liver cancer is a very 
complicated process, and the molecular mechanism by 
which VDAC1 affects HCC has not yet been elucidated. 
Therefore, we performed Affymetrix chip analysis to 
further investigated the role of molecules downstream of 
VDAC1. Combined with previous reports, we selected 
representative differentially expressed genes for high- 
throughput shRNA screening (HCS), and found that ubi
quitin-related modifier 1 (URM1) significantly promoted 
the proliferation of liver cancer cells.

URM1 is a member of the ubiquitin-like regulator 
family. Studies have shown that URM1 binds to nuclear 
cytoplasmic shuttle factor apoptosis susceptibility proteins 
and participate in oxidative stress.12,13 However, the role of 
URM1 in HCC has not yet been reported. In this study, we 
demonstrated that URM1 is significantly overexpressed in 
liver cancer tissues. In vitro studies showed that URM1 
knockdown significantly inhibited the proliferation and 
migration of liver cancer cells, and promoted apoptosis. By 
analyzing tissue specimens from liver cancer patients, we 
found that URM1 is related to tumor size, TNM stage and 
chronic hepatitis B infection. The overall survival rate of 
patients with high URM1 expression was significantly lower 
than that of patients with low expression. These findings 
provide a better understanding of the mechanism underlying 

the occurrence and development of liver cancer, and high
lights novel targets for the treatment of liver cancer.

Materials and Methods
Patients and Clinical Samples
We collected liver cancer and adjacent non-cancerous tis
sues (>2 cm) from patients who underwent radical resec
tion of liver cancer in the general surgery of the affiliated 
hospital of Nantong University (China) from January 2013 
to October 2018. Freshly resected tissues were frozen at 
−80°C for subsequent protein extraction and RNA extrac
tion. Formalin-immersed tissues were stored at −4°C for 
tissue chip production. All patients were pathologically 
diagnosed as hepatocellular carcinoma. Clinical and fol
low-up data excluded cases of Child grade B and C, 
positive surgical margin, preoperative radiotherapy and 
chemotherapy, and incomplete clinical data. Through 
data compilation, a total of 90 matched pairs of liver 
cancer and adjacent non-cancerous tissues were used to 
prepare tissue chips for immunohistochemical scoring. 
The clinical and follow-up data of patients included in 
the study were statistically analyzed (Table 1). All patients 
provided informed consent to participate in this study and 
the experimental procedure was approved by the Ethics 
Committee of the Affiliated Hospital of Nantong 
University.

Cell Culture
The human liver cancer cell lines HepG2, SMMC7721, 
BEL-7404, SK-hep-1 and Huh7 were purchased from 
Shanghai Genechem Co., Ltd. (Shanghai, China). HCC- 
LM3, which is a highly invasive hepatocellular carcinoma 
cell line, was provided as a gift from the laboratory of the 
Eastern Hepatobiliary Surgery Hospital affiliated to the 
Second Military Medical University. HCC-LM3 cell line 
was approved by the Institute Ethics Committee at the 
Affiliated Hospital of Nantong University. The HCC- 
LM3, HepG2 and Huh7 liver cancer cell lines were cul
tured in Dulbecco’s modified Eagle’s medium (DMEM; 
Invitrogen, Carlsbad, CA, USA) supplemented with 10% 
fetal bovine serum (FBS; Gibco) at 37°C under 5% CO2. 
The liver cancer cell lines SMMC7721 and BEL-7404 
were cultured in RPMI-1640 (Invitrogen, Carlsbad, CA, 
USA) medium with 10% FBS (Gibco) at 37°C under 5% 
CO2. The SK-hep-1 liver cancer cell line was cultured in 
MEM (Invitrogen, Carlsbad, CA, USA) supplemented 
with 10% FBS (Gibco) at 37°C under 5% CO2.
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Lentivirus Infection
HCC-LM3, HepG2 and BEL-7404 liver cancer cells in the 
logarithmic growth phase were cultured in a 6-well plate 
(5 × 104 cells/well) for one day. When the cells had settled, 
the cells were infected with lentivirus with URM1 RNAi 
(URM1 siRNA: GCTCCTGTTTGACGGTATTAA). The 
cells were then cultured in the presence of puromycin 
(10 µg/mL) for 1 week to screen for positively infected 
cells, which were then viewed under a fluorescence micro
scope. When the infection efficiency exceeded 90%, the 
cells were collected for use in experiments.

Affymetrix Whole Gene Expression 
Profile Chip
After total RNA samples were analyzed by Agilent 2100 
(Agilent, CA, USA), gene amplification products (ampli
fied RNA) were prepared using the GeneChip 3’ IVT 

Express Kit (Sangon, Shanghai, China). Briefly, cDNA 
was obtained by first-strand synthesis, and the double- 
stranded DNA template was obtained by second-strand 
synthesis. A biotin-labeled amplified RNA was obtained 
by in vitro inversion. The amplified RNA was purified and 
then fragmented for hybridization with a chip probe. After 
the hybridization was complete, the chip was washed and 
stained by GeneChip Fluidics Station 450 (Sangon, 
Shanghai, China). The scan and the original data were 
obtained by GeneChip Scanner 3000 (Sangon, Shanghai, 
China).

Real-Time Quantitative PCR
Total cellular RNA was extracted with TRIzol (Invitrogen) 
and reverse-transcribed into cDNA using RT-PCR Master 
Mix (DRR0036A, TaKaRa) kit. The relative expression of 
the target gene was determined using SYBR Green 

Table 1 Relationship Between URM1 Expression Level and Various Clinicopathological Parameters in Liver Cancer Tissues

Clinicopathological Data Total URM1 Expression χ 2 P-value

High n = 70 Low n = 20

Sex Male 72 57 15 0.4018 0.5262
Female 18 13 5

Age (years) ≥50 71 54 17 0.5766 0.4476
<50 19 16 3

AFP (μg/mL) <25 49 39 10 0.2048 0.6509
≥25 41 31 10

Cirrhosis No 43 32 11 0.5376 0.4634
Yes 47 38 9

Number of tumors Single 82 65 17 1.1858 0.2762
Multiple 8 5 3

HBV infection Negative 40 24 16 13.2634 0.0003*
Positive 50 46 4

Tumor diameter (cm) <5 44 30 14 4.5863 0.0322*
>5 46 40 6

Metastasis No 60 49 11 1.5750 0.2095
Yes 30 21 9

Microvascular invasion No 75 58 17 0.0514 0.8206
Yes 15 12 3

Differentiation Poor 25 18 7 0.8005 0.6701
Moderate 57 46 11
Well 8 6 2

TNM staging I–II 32 21 11 4.2423 0.0394*
III–IV 58 49 9

Note: *P <0.05 indicates statistical significance.
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(TaKaRa) with a real-time quantitative PCR system 
(LightCycler 480II). The primers were synthesized by 
Biotech Bioengineering (Shanghai) Co., Ltd. The primer 
sequences are as follows:

URM1 forward: 3’-AAGAAACATCGAGTCACTTTG 
C-5’

URM1 reverse: 5’-GGTAGTCCAGCTCACCCAGTA-3’
β-actin forward: 3’-GGCGGCACCACCATGTACCCT-5’
β-actin reverse: 5’-AGGGGCCGGACTCGTCATACT-3’

High-Throughput shRNA Screening and 
Cell Growth Curve Analysis
SMMC7721 cells were infected with knockdown (KD) or 
normal control (NC) URM1 RNAi-lentivirus and seeded in 
96-well plates (2× 103 cells/well). The three interference 
sequences of 16 genes are shown in Table 2. GFP expres
sion was observed under a fluorescence microscope. When 

the cells reached 80% confluence, the cells were collected 
for further experiments. Analysis of 2000 cells per well was 
performed daily using a cytology array scanning system. 
Cells were quantified by adjusting the input parameters 
based on measurements of the green fluorescent signal in 
each well. Data were collected and statistically analyzed 
using a 5-day cell proliferation curve. The cells on the 
scanned images were counted using image analysis soft
ware (Celigo). The number of cells at each time-point was 
compared with the number of cells on the first day to obtain 
the cell proliferation rate at each time-point in each group, 
and the cell growth curve was generated using the change in 
the multiplication factor. The cell proliferation rate was 
calculated as follows: fold change (NC vs KD group) = 
NC group day 5 proliferation rate/KD group day 5 prolif
eration rate. The changes in two or more cell proliferation 
rates indicated marked inhibition of cell proliferation, and 

Table 2 Primers Designed to Validate Differentially Expressed Genes

Target Gene Upstream Primer Sequence (5’–3’) Downstream Primer Sequence (3’–5’) Amplified Fragment (bp)

TMEM154 GGAAGTGAAAACGTGAAAGTCCC TCGGCATTTCTATTCATGCTGTT 110

ZNF532 GAACAGTGACCAGGGTATTGC TGGAGACGACAGAAGGGATG 107

BZW1 AAGAGAGGTTTGACCCTACTCAG CTGCATATCGACGGTAATCAAGT 132
PNMA1 GGTGTCCGATGTAGAAAAGA CAGACGAATGACATAAGCAG 229

ANP32E CCTTCTTGTTTCACTCCCTCC ACCCCTGCTTTTCTTTCTTC 263

TBRG1 ATGGGGAAACTAATGCCTAACCT AGGCTTCAAAGCTCATAGCTG 208
EDA2R GGATTGCCAAGAAAATGAGTAC CACGATTGATGACAGCACAGG 206

CTNNAL1 GTGTTTGAAGGAAGACGAGGAG AGTCAGCGTCAGAGGTGAGC 169

CALCOCO2 TGAAGGAGGCGCAAGACAAAA CATCTGCTGTTGCTCCAAGGT 154
URM1 AAGAAACATCGAGTCACTTTGC GGTAGTCCAGCTCACCCAGTA 187

CCSER2 CCAGACCATGAAACATGATGCT ATATCCTGTGGTGGCCCATTT 213

CNOT8 AGCCAGGTTATCTGTGAAG CAAGTATTGATTCCAGAAGG 260
FAM60A ATGGCTTCTGGTTCTAAC AAGGCTTGAAGAGATGTG 139

PLSCR4 AGTTGGTGGTATCCATCCTGT CCCTGGCATCCATGTTATTG 85
EXOSC1 GCGCCACCTGTGAGATACTG CGGCAAGCGACGAAAAGATG 112

TP53RK GGACTATGCTTCCAACTGCTT GGTCTACTCCCTTATCCTCTGG 287

AHNAK TGCCACCATCTACTTTGAC GTTCTGGTCTTTGCATTCC 214
ZNF468 AGTCCCTCTCATCTCGCTTA GAGAATTCTATGGCCACGTC 295

SWAP70 GCAGAAGAGGAAAAGAAACGC GCTCCCGTACTCGCTGTAAAT 157

MTMR11 GAACACGATGGCTGGACTATG GACACAATCAAGGAAGAGGAGAA 296
SPTY2D1 CACCTCGCTTTGTCTTCATC CCTGGACTCTTAGCCTTATTGT 281

NCBP2 GAATCATTCGCACAGACTGG CTGTGCCAGTTTTCCATAGC 137

SEL1L3 TGCGTCATACAATCTTGGAGTC CATGTTTTGCCCATACAACAGC 219
NECTIN4 CCGTTCCTTCAAGCACTCCC AGCCGTGTCCAGTTGTATGAG 276

MKNK2 CAGAAGAAACCAGCCGAACT GTCTTCAAACCTGCCCGAGA 237

SRSF8 GGTCTCACTCGAAGTCTGGG GGGAGGACTCCTGGTCATAG 143
MRPL19 GAGAAACGGCTGGATGATAGC AGGCTCTTGTACTACTGGCTTC 96

SREK1IP1 ACCCTGGTCACCTGACTTTTG TCAGTGGAACTGGATGAGTAAGA 244

HOMER1 CCGGAAAGTATCAACGGGACA TCTGAGTTGGTTCAGCCCTTG 82
FAM217B AAGCAAGACGCAAAAGGAAT TGACCAGGGTGAAGATCAAAG 235
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the effect of RNAi-lentivirus infection on cell proliferation 
was measured.

Immunohistochemistry (IHC) and Scoring
The anti-URM1 polyclonal antibody (diluted 1:1000, 
Thermo Fisher Scientific, MA, USA) was evenly dropped 
onto a tissue chip containing 90 matched pairs of liver 
cancer and adjacent non-cancerous tissues, and incubated 
overnight at 4°C in a wet box. The tissue chip was then 
incubated with the corresponding diluted secondary anti
body (1:1000, goat anti-rabbit IgG) at room temperature 
for 30 min. Senior pathologists were invited to perform 
double-blind readings, and three representative images 
were captured for each sample. The URM1 immunostain
ing was assigned a score from 0 to 12, which was calcu
lated as the product of the percentage of positively stained 
tumor cells and the staining intensity; this score was used 
as the criterion for evaluation of URM1 expression. The 
URM1 expression level was defined as follows: intensity 
of staining (no staining, 0 points; mild staining, 1 point; 
moderate staining, 2 points; severe staining, 3 points); The 
percentage of stained cells in the cell count (<5%, 0 
points; 5–25%, 1 point; 26–50%, 2 points; 51–75%, 3 
points; >75%, 4 points). A total score greater than 6 was 
defined as high URM1 high expression, and a score less 
than or equal to 6 was defined as low URM1 expression.

Colony Formation Experiment
LM3 and BEL-7404 cells in the logarithmic growth phase 
(URM1-knockdown and negative control groups) were 
placed in 6-well plates (500 cells/well) and cultured until 
the number of cells in most monoclonal colonies exceeded 
50. Next, 4% paraformaldehyde was added to each well 
and the colonies were stained for 10 min with Giemsa. 
After several washes with ddH2O, the colonies were dried 
and images were obtained with a digital camera for colony 
counting.

Cell Proliferation Experiment (CCK-8 
Experiment)
HepG2, LM3, and BEL-7404 cells in logarithmic growth 
phase after lentiviral infection were cultured in 96-well 
plates (5000 cells/well) with six replicates per group. After 
incubating for 24, 48, 72 and 96 h, CCK-8 reagent was 
added and the cells were harvested after 1 hr incubation. 
Cell proliferation was measured by spectrophotometry 
using a microplate reader (Tecan Infinite F200).

Cell Invasion Experiment (Transwell)
A 24-well Transwell plate (pore size 8 mm, Corning Life 
Sciences) was coated with a matrix gel (1 mg/mL, BD 
Sciences). HCC-LM3 and BEL-7404 cells were cultured 
in the upper chamber (1 × 104 cells/well) in 200 μL serum- 
free medium, and 500 μL 10% fetal calf serum was added 
to the lower chamber to induce cell invasion. After incu
bation for 24 h, the cells on the surface of the filter were 
fixed with 4% formaldehyde, stained with 0.5% crystal 
violet, placed under the microscope and counted.

Apoptotic Analysis by TUNEL Staining
Apoptosis was detected using a TUNEL staining kit 
(C1090, Beyotime) according to the manufacturer’s 
instructions. TUNEL-positive cells were observed under 
an inverted fluorescence microscope.

Wound Healing Assay
LM3 and BEL-7404 cells in the logarithmic growth phase 
after infection were cultured in 6-well plates (5 × 104 cells/ 
well). After the cells reached confluence, scratches in the 
monolayer were made with a 20 μL pipette tip, and the 
cells were washed with PBS. Cells were incubated in 
serum-free medium and imaged at 0, 24, 48, and 
72 h. The average distance between the cells on either 
side of the scratch was calculated using Image J software.

Nude Mouse Xenograft Model of Liver 
Cancer
Male 4-week-old Balb/c nude mice were purchased from 
Shanghai SLAC Laboratory Animal Co. Ltd (Shanghai, 
China). All mice were raised in a barrier environment 
specified by the Animal Research Center of Nantong 
University. Each nude mouse was injected subcutaneously 
above the right scapula with 1 × 107 infected LM3 hepa
toma cells or negative control cells. After 14 days, tumor 
size and animal weight were measured weekly. According 
to animal welfare ethical guidelines, tumor growth was not 
allowed to exceed 20 mm in diameter. Six weeks after the 
start of measurement, experimental mice were euthanized 
with an overdose of 2% pentobarbital sodium, and cervical 
spine dislocation was performed to confirm death. The 
animals were placed on a white board, and digital images 
of the animal were obtained using a ruler as a scale mar
ker. The animal research in this study was approved by the 
Laboratory Animal Center of NTU, all experiments were 
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performed according to the guidelines for Care and Use of 
Laboratory Animals of “National Institutes of Health”.

Flow Cytometric Analysis
LM3 liver cancer cells or negative control cells were 
digested with 0.25% trypsin (Invitrogen) and fixed in 
70% ethanol for 48 h. The cell samples were then washed 
three times with PBS before incubation with 1 mg/mL 
RNase A for 30 min. Next, the samples were incubated 
with 50 μg/mL propidium iodide. Cell cycle distribution 
was measured by flow cytometry using a Becton 
Dickinson FACScan. Cell fragments, double peaks and 
clumps were excluded by gating.

Western Blot Analysis
LM3 cells in the experimental and control groups were lysed 
with RIPA buffer (P0013B, Beyotime) containing protease 
inhibitors (P1005, Beyotime). The lysates were harvested by 
centrifugation (12,000 rpm) at 4ºC for 15 min. 
Approximately 20 μg protein samples were then separated 
by 10% sodium dodecyl sulfate polyacrylamide gel electro
phoresis and transferred onto a polyvinylidene fluoride 
membrane. After blocking the non-specific binding sites 
for 60 min with 5% non-fat milk, the membranes were 
incubated overnight at 4°C with the following primary anti
bodies: anti p-P53 (1:1000;CST; #2528), anti-Bax (1:5000; 
Proteintech; 500599-2-lg), anti-JNK1/2 (1:1000; CST; 
9592), anti p-JNK (1:1000; CST; 9251S), anti-TP53 
(1:500; CST; #2527), and anti-GAPDH (Santa Cruz, sc- 
32233). The secondary antibodies were as follows: anti- 
rabbit IgG (1:2000; CST; #7074), and anti-mouse IgG 
(1:2000; CST; #7076). The membranes were then washed 
three times with TBST (Tris-buffered saline with Tween-20) 
for 10 min and probed with the horseradish peroxidase 
(HRP)-conjugated rabbit anti-goat IgG antibody (1:5000; 
CST; #7074) at 37ºC for 1 h. After three washes, the protein 
bands were visualized using an ECL system.

Statistical Analysis
All data were analyzed using SPSS 22.0 statistical soft
ware, and graphs were generated using GraphPad Prism 6 
software. Data were expressed as the mean ± standard 
deviation (SD). Differences between groups were analyzed 
by independent sample t-test. Analysis of the between 
URM1 expression levels in liver cancer tissues and the 
clinicopathological data of patients was performed by chi- 
squared test. Using the Kaplan–Meier Plotter (http:// 
kmplot.com/analysis/), Kaplan–Meier survival curves 

were constructed to evaluate the effect of URM1 expres
sion on the 5-year survival of patients. P-values <0.05 
were considered to indicate a statistically significant 
difference.

Results
Affymetrix Expression Profiling Chip to 
Screen for Differentially Expressed Genes 
After VCAD1 Gene Knockdown
To explore the genes downstream of VDAC1 that play a key 
role in the development of HCC, we used Affymetrix 
expression profiling microarray analysis to compare the 
expression profiles of three VDAC1-knockout and negative 
control HCC cell samples. Compared to the negative control 
sample, there were 205 upregulated mRNAs and 347 down
regulated mRNAs in the VDAC1 knockout samples 
(Figure 1A). We selected 30 representative differentially 
expressed genes for PCR verification, of which 16 genes 
were consistent with the results of mRNA microarray ana
lysis (Figure 1B). All 16 candidate genes were then silenced 
in SMMC7721 cells to examine their potential effects on the 
proliferation of hepatoma cells in vitro. URM1-knockdown 
had a greater impact on the reduction of proliferation; there
fore, we focused on URM1 in the follow-up study 
(Figure 1C and D).

The Relationship Between URM1 
Expression in Liver Cancer Tissues and 
Prognosis of Patients with Liver Cancer
URM1 staining was mainly distributed in the cytoplasm and 
nucleus. Cells with high URM1 expression showed brown 
and brownish-yellow particles. URM1 expression was 
higher in liver cancer tissues than that in adjacent non- 
cancerous tissues (Figure 2A). Tissue chips generated from 
90 matched pairs of liver cancer and adjacent non-cancerous 
tissues were used to detect the expression of URM1 by 
immunohistochemical staining. We identified differences in 
the expression of URM1 among these matched pairs of 
tissue samples (χ2 = 15.05, P <0.001) (Figure 2B). Among 
the liver cancer tissues, 70 (77.8%) showed high URM1 
expression, and the remaining 20 (22.2%) showed low 
URM1 expression. Among the corresponding 90 cases of 
adjacent non-cancerous tissues, 45 (50%) showed high 
URM1 expression, and 45 (50%) showed low or no 
URM1 expression. Furthermore, analysis of the data in 
TCGA database also showed significantly higher URM1 
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expression in liver cancer tissues than that in adjacent tissues 
(Figure 2C). URM1 expression levels were also be signifi
cantly related to HBV infection, maximum tumor diameter, 
and TNM stage (P <0.05) as well as other clinicopathologi
cal factors, such as serum alpha-fetoprotein level, liver cir
rhosis, tumor number, and tumor metastasis. There was no 
correlation between URM1 expression levels and microvas
cular invasion (P >0.05, Table 1). The relationship between 
URM1 expression levels and patient survival was further 
analyzed by constructing Kaplan–Meier survival curves. 
The results showed that the overall survival rate at 1, 3, 
and 5 years after liver resection was significantly lower in 
patients with high URM1 expression than in those with low 
URM1 expression (P = 0.04; Figure 2D).

URM1 Promotes Cell Proliferation, 
Migration, and Inhibits Apoptosis in vitro
To investigate the effect of URM1 expression in liver 
cancer cell lines, we used qPCR to detect the back
ground URM1 expression in six liver cancer cell lines 
(Figure 3A). HepG2, HCC-LM3, and BEL-7404 cell 
lines express high levels of URM1; therefore, we used 
these cell lines to knock down URM1 expression by 
URM1-shRNA infection. The infection efficiency was 
close to 100% and the knockdown efficiency for 
HepG2, HCC-LM3, and BEL-7404 cell lines was 85%, 
96%, and 85%, respectively (Figure 3B and C). The 

morphology and viability of cells were checked under 
a microscope, and were found to be normal. Through 
CCK-8 assay analysis of cell growth (Figure 3D) and 
colony formation experiments (Figure 3E), we con
firmed that URM1 knockdown inhibited the proliferation 
of HCC cells. We also found that URM1 knockdown 
shortened the DNA synthesis phase (S phase) and the 
post-synthesis DNA synthesis phase (G2 phase), and 
prolonged the pre-DNA synthesis phase (G0/G1 phase) 
(Figure 4A). In addition, we found that URM1 knock
down promoted apoptosis of liver cancer cells 
(Figure 4B).

We further evaluated the potential role of URM1 in cell 
migration and invasion through wound healing and 
Transwell migration experiments. The results showed 
that URM1 knockdown inhibited HCC cell migration 
(Figure 5A and B), but had no effect on the cell invasion 
ability (Figure 5C and D).

Effect of URM1 on Subcutaneous Tumor 
Formation in a Nude Mouse Xenograft 
Model of Liver Cancer
To further explore the effects of URM1 on HCC cell 
proliferation in vivo, we established a nude mouse 
xenograft model of human liver cancer. Compared 
with the control group, the tumor diameter and 
weight of mice in the shURM1 group were 

Figure 1 Affymetrix gene expression profile and high-throughput shRNA screening (HCS), proliferation screening. (A) Cluster analysis of differential genes after VDAC1 
interference (red: gene upregulation; green: suppressor gene; black: altered gene; gray: undiscovered gene); (B) PCR expression of representative differentially expressed 
genes (*P <0.05); (C, D) Proliferation of corresponding differentially expressed genes was detected on the HCS platform (*P <0.05, **P <0.01, ****P <0.0001).
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significantly smaller than those in the control group 
(Figure 6A and B).

URM1 Inhibits Apoptosis by Inhibiting the 
JNK Signaling Pathway
To further clarify the effect of URM1 knockdown on the 
HCC cell proliferation and apoptosis, we examined the 
expression of apoptosis-related proteins by Western blot
ting. We found that after URM1 knockdown, expression of 
the apoptosis-related factors JNK1/2 and TP53 was sig
nificantly reduced, whereas the expression of p-JNK1/2, 

p-P53 and Bax was significantly elevated (Figure 7). 
These findings were consistent with the results of in vitro 
functional studies showing that URM1 knockdown 
increased liver cancer cell apoptosis.

Discussion
Hepatocellular carcinoma is a common malignant tumor 
worldwide that is associated with a high mortality rate. 
The mechanism of the occurrence and development of 
liver cancer is complex, and is not yet fully understood. 
Our previous research showed that the expression level of 

Figure 2 URM1 immunohistochemical staining and Kaplan–Meier survival curves of HCC and adjacent tissues. (A) Staining intensity of liver cancer and adjacent non- 
cancerous tissues (no staining, 0 points; mild staining, 1 point; moderate staining, 2 points; severe staining, 3 points); (B) URM1 expression in liver cancer and adjacent non- 
cancerous tissues (P <0.001); (C) URM1 expression in HCC tissues (n = 181) and adjacent non-cancerous tissues (n = 160) in the TCGA database; URM1 expression was 
higher in HCC tissues than that in adjacent non-cancerous tissues (P <0.001); (D) Kaplan–Meier survival curve (P = 0.04).
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VDAC1 is closely related to hepatocarcinogenesis and that 
silencing of VDAC1 expression significantly inhibits the 
proliferation and invasion of liver cancer cells, thus con
firming the tumor-promoting function of VDAC1 in liver 
cancer cells. VDAC1 is a 31 kDa porogenic protein pre
sent on the outer mitochondrial membrane in all eukaryo
tic cells.14 The mitochondrial outer membrane channel 
composed of VDAC1 regulates the release of many apop
totic molecules, such as cytochrome C, apoptosis inducing 
factor (AIF), serine peptidase 2 (HTRA2), and endonu
clease G (Endo G).15 VDAC1 overexpression may be 
involved in processes such as metabolism in energy- 
intensive tumor cells;16,17 however, the specific role of 
VDAC1 in liver cancer metabolism has not yet been 
elucidated.

In this study of the molecules downstream of VDAC1, 
we found that URM1 promotes the proliferation of liver 
cancer cells through Affymetrix expression profiling chip 
and high-throughput cell proliferation functional screen
ing. URM1 is a member of the ubiquitin-like protein 
family. Ubiquitin-like proteins are small post-translational 
modifiers that regulate a variety of cellular processes 
through covalent coupling to target substrates.18–21 

URM1 plays an important role in the induction of specific 
oxidative stress in protein coupling. URM1 modifies pro
teins to protect them from oxidative damage and retain 
their function by recognizing oxidized lysine residues. 
URM1 then labels these proteins as damaged, induces 
proteolysis, or release of danger signals that are recog
nized by other cells. In the latter case, URM1 may act as 

Figure 3 The effect of URM1 on the proliferation. (A) URM1 expression levels in HCC cell lines; (B) Efficiency of HCC-LM3 infection by lentivirus (approximately 100%); 
(C) URM1 knockdown efficiency in BEL7404 cells is 85% (****P <0.0001); URM1 knockdown efficiency in HepG2 cells (96%) (****P <0.0001); URM1 knockdown efficiency in 
HCC-LM3 cells (85%) (****P <0.0001); (D) The proliferation of BEL7404, HepG2 and HCC-LM3 cells in the URM1 knockdown and control groups. URM1 knockdown HCC 
cell line proliferation was significantly lower than that in the control group (*P <0.05, **P <0.01). (E) The number of clones of HCC-LM3 and BEL7404 cells shURM1 was 
significantly lower than that in the control group (*P <0.05, ***P <0.001).
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a sensor of redox balance and release indicators of intra
cellular or extracellular damage as signals.12 There are no 
reports about the role of URM1 in tumors. Therefore, we 
focused our subsequent studies on URM1. We investigated 
the expression of URM1 in liver cancer and its relation
ship with clinicopathological indicators, and the long-term 
survival after liver cancer resection. We then analyzed 
URM1 expression levels in 90 matched pairs of liver 
cancer and adjacent non-cancerous tissues, and found 
that URM1 was highly expressed in liver cancer tissues. 
In our analysis of the data in TCGA database, we found 
that URM1 expression was significantly higher in liver 
cancer tissues than in adjacent tissues. These findings 
implicate URM1 as a tumor-promoting gene that plays 

an important role in the occurrence and development of 
liver cancer. Our analysis of the relationship between 
URM1 expression and clinical indicators showed that 
URM1 is related to tumor size, TNM stage and chronic 
hepatitis B infection. Furthermore, the long-term survival 
rate of patients with high URM1 expression was signifi
cantly lower than that of patients with low URM1 expres
sion. These findings demonstrated the importance of 
clarifying the role and mechanism of URM1 in the occur
rence and development of liver cancer.

In this study, we examined the relative expression of 
URM1 in several common liver cancer cell lines compared 
with that in normal liver cells. The URM1 expression levels in 
HepG2, LM3 and Bel7404 cells were higher than those of 

Figure 4 The effect of URM1 on the cell cycle and apoptosis. (A) Cell cycle distribution was analyzed by flow cytometry (left). Upon infection with shURM1, the proportion 
of HCC-LM3 cells decreased significantly during DNA synthesis (S phase) and late DNA synthesis (G2 phase), whereas increased significantly during pre-DNA synthesis (G0/ 
G1) phase (right) (*P <0.05, ***P <0.001, ****P <0.0001). The proliferation index (PI) in the URM1 knockdown group was significantly lower than that in the control group 
(0.4965 vs. 0.5345, respectively). (B) Fluorescence field of BEL7404 and HepG2 cells in the URM1 knockdown and control groups; apoptotic cells are marked by red 
fluorescence. The proportion of apoptotic cells in the shURM1 group was significantly higher than that in the control group (****P <0.0001).
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Figure 6 The effect of URM1 on subcutaneous tumor formation in a nude mouse xenograft model of liver cancer. (A) Representative images of tumors in the URM1- 
knockdown and the control groups; (B) URM1 depletion leds to a significant decrease in tumor volume and weight, compared with control group (**P <0.01, **** P<0.0001).

Figure 5 The effect of URM1 on the migration and invasion. (A) HCC-LM3 cell wound healing (scratches) in the URM1 knockdown and control groups at 0, 24, 48, and 72 
h (****P <0.0001); (B) Bel7404 cell wound healing (scratches) in the URM1-knockdown and control groups at 0, 24, 48, and 72 h (**P <0.01, **** P <0.0001); (C) BEL7404 cell 
invasion in the URM1-knockdown and control groups; (D) HCC-LM3 cell invasion in the URM1-knockdown and control groups.
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other cell lines; therefore, we chose these three high- 
expressing cell lines for follow-up research. The expression 
of URM1 in these three cell lines was downregulated by 
lentiviral infection to investigate effects of modified URM1 
expression on the biological functions of liver cancer cells. 
Our investigations showed that after downregulation of 
URM1, the proliferation ability of HepG2, LM3, and 
Bel7404 was significantly reduced, and the tumorigenic poten
tial of Bel7404 and LM3 was weakened. Cell cycle experi
ments carried out to further investigate the cause of the decline 
in proliferative capacity showed that URM1 knockdown sig
nificantly prolonged the phases of DNA synthesis and late 
DNA synthesis, and shortened the phase of early DNA synth
esis. The proliferation index of cells in shURM1 group was 
significantly lower than that in control group. In addition, 
apoptosis was significantly increased in LM3 and Bel7404 
cell lines transfected with shURM1. In nude mice tumor 
formation experiments, the tumor weight and diameter in the 
shURM1 group were smaller than those in the control group. 
These observations indicate that URM1 promotes tumor pro
liferation in liver cancer, and inhibition of URM1 expression 

promotes tumor cell apoptosis. Thus, URM1 is implicated as 
a novel therapeutic target in liver cancer.

The specific molecular mechanism by which inhibition 
of URM1 promotes tumor cell apoptosis is unknown. 
URM1 has been shown to negatively regulate the JNK 
signaling pathway in Drosophila, resulting in the resistance 
to oxidative stress of URM1-deficient Drosophila.22 The 
JNK signaling pathway can be activated by a variety of 
extracellular stimuli, including growth factors, cytokines, 
and stress conditions, and is widely involved in regulating 
cellular processes, such as apoptosis, proliferation, metabo
lism, energy production, and DNA damage repair.23–26 

Some studies have shown that the loss of JNK expression 
leads to an increase in the number of tumors and a faster 
growth rate in mice. It is believed that the JNK pathway 
may inhibit tumorigenesis by inducing tumor cell 
apoptosis.27,28 The mechanism by which JNK inhibits 
tumor formation may be related to its pro-apoptotic function 
or the effect CD8+ T lymphocytes in the immune surveil
lance of tumors.29 The kinases MEK4 and MEK7 directly 
activate JNK by double phosphorylation of Thr183 and 

Figure 7 Expression of apoptosis-related proteins. (A) Western blot detection of JNK1/2, p-JNK1/2, TP53, p-P53, and Bax protein expression in the URM1-knockdown and 
control groups; (B) Gray analysis (*P <0.05, **P <0.01, ****P <0.0001).
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Tyr185. JNK1 is preferentially phosphorylated at Tyr185, 
whereas JNK2 is preferentially phosphorylated at Thr183. 
Therefore, the pattern of JNK signaling pathway can be 
roughly summarized as: stress, ultraviolet and other stimu
lating factors → germinal center kinase (GCK) → MEKK 
→ MEK4/7 → JNK → apoptosis, proliferation, differentia
tion, etc. Multiple signaling pathways collectively trigger 
the necessary reprogramming required for cells to withstand 
stress, of which JNK, p38, MAPK, p53, and Nrf2 are 
considered the most important.30 The Western blot analysis 
conducted in this study showed that after URM1 knock
down, expression of the apoptosis-related factors JNK1/2 
and TP53 was significantly reduced, whereas the expression 
of p-JNK1/2, p-P53 and Bax was significantly elevated, 
further supporting the negative regulatory effects of 
URM1 on the apoptosis-related JNK signaling pathway. 
Therefore, URM1 inhibits cell apoptosis by inhibiting the 
JNK apoptotic signaling pathway, thereby promoting HCC 
cell proliferation.

JNK is mainly located in the cytoplasm. Following acti
vation, some of the activated JNK translocates to the nucleus 
and activates nuclear transcription factors through phosphor
ylation, thereby promoting the transcription of relevant target 
genes and the synthesis of proteins that exert biological 
effects.31–34 In this study, immunohistochemical studies 
showed that URM1 is distributed mainly in the cytoplasm 
and nucleus. URM1 knockdown led to increased phosphor
ylation expression of JNK1/2, and increased levels of the 
downstream apoptosis-related protein Bax, suggesting that 

URM1 inhibits apoptosis by inhibiting the JNK signaling 
pathway, thereby promoting HCC cell proliferation. 
Therefore, we infer that URM1, a molecule downstream of 
VDAC1, inhibits the phosphorylation of JNK1 and JNK2 in 
the nucleus, leading to the inhibition of P53 phosphorylation 
in the JNK signaling pathway, which in turn reduces the level 
of apoptosis-related protein Bax on the mitochondria and 
inhibits apoptosis (Figure 8).

In summary, our study showed that URM1, as an impor
tant proto-oncogene, inhibits HCC cell apoptosis and pro
motes HCC cell proliferation by negatively regulating the 
JNK pathway. More importantly, we confirmed the biologi
cal role of URM1 gene in tumors. Upregulation of URM1 
expression is associated with poor prognosis in patients with 
HCC, which highlights the importance of further studies on 
the role of URM1 gene expression in tumors.
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