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Knockdown of Nedd8-conjugating enzyme UBE2M
suppresses the proliferation and induces the apoptosis
of intrahepatic cholangiocarcinoma cells
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Abstract. As an important regulator of neddylation, neural
precursor cell expressed developmentally downregulated 8
(Nedd8)-conjugating enzyme E2M (UBE2M) mediates cullin
neddylation. Upregulation of the neddylation pathway is associ-
ated with tumor progression in intrahepatic cholangiocarcinoma
(ICC). The present study was designed to assess the effects of
Nedd8-conjugating enzyme UBE2M knockdown on intrahe-
patic cholangiocarcinoma cells, and to determine the potential
underlying mechanisms. UBE2M and associated protein expres-
sion levels were determined via immunohistochemistry and
western blotting. ICC cells were transfected with short hairpin
RNA to knockdown UBE2M expression. Cell Counting Kit-8
and colony formation assays, and xenograft experiments were
used to examine cell viability and colony survival in vitro,
and tumor formation in vivo. Survival was evaluated using
Kaplan-Meier analysis and log-rank tests. Patients with ICC
presenting high expression of UBE2M exhibited worse accumu-
lative recurrence and overall survival compared with patients
with low expression. Knockdown of UBE2M expression led to
a decrease in the viability and clonogenic survival of QBC939
and HUCCT!1 cells, and suppressed tumor formation in vivo.
UBE2M silencing caused accumulation of cullin-RING ligase
substrates (chromatin-licensing and DNA replication factor 1
and origin recognition complex subunit 1), inducing DNA
damage responses and apoptosis. The present findings suggested
that UBE2M serves an important role in ICC progression and
may present as a novel target for the treatment of ICC.
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Introduction

Dysregulation of the ubiquitin-proteasome pathway serves an
importantrole in tumor development and progression (1). As the
largest family of multiunit E3 ubiquitin ligases (crucial control
points in the ubiquitin-proteasome pathway), cullin-RING
ligases (CRLs) target numerous ubiquitinated protein substrates
for proteasome-targeted degradation (2,3). Importantly, CRL
activation requires cullin neddylation (4,5), an ubiquitination
modification process in which the ubiquitin-like protein neural
precursor cell expressed developmentally downregulated 8
(NEDDS) is conjugated to cullins (4-8). The process involves
NEDDS-activating enzyme El1 (NAEI), NEDDS§-conjugating
enzyme E2M (UBE2M) and E3 NEDDS ligases (6,9). UBE2M
interacts with a specific E3 ubiquitin ligase to promote the
neddylation of cullins (10), thereby regulating cell cycle
checkpoint control, DNA damage response, apoptosis and
senescence via diverse pathways. As an essential component
of neddylation, UBE2M is the critical factor in the progres-
sion of various human carcinomas, including human renal cell
carcinoma and lung cancers, and intrahepatic cholangiocarci-
noma (ICC) (11-14).

According to the Surveillance, Epidemiology and End
Results program, ICC is one of the most common liver cancers
in the US, accounting for ~15% of primary liver cancers (15).
The incidence and mortality of ICC are gradually increasing
worldwide (16). Additionally, due to its frequently asymp-
tomatic nature, patients with ICC are usually diagnosed with
late-stage disease, preventing curative treatment and resulting
in worse prognosis (17,18). Therefore, effective therapies are
urgently required to improve outcomes. MLN4924 is an NAE
inhibitor that blocks NAE activity and efficiently suppresses
cullin neddylation, inhibiting the growth of ICC cells in vitro
and in vivo (14). However, UBE2M, another critical neddylation
regulator is poorly understood. In the present study, the roles
and underlying mechanisms of UBE2M in ICC were investi-
gated for the first time, to the best of our knowledge.

Materials and methods

Patients and tissue specimens. ICC tissue samples were
obtained from 81 patients with a pathological diagnosis of
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primary ICC that underwent radical resection for their tumor
in Lanzhou University Second Hospital between March 2009
and August 2017. Adjacent matched non-cancerous livers were
obtained from an incision >5 cm away from the carcinoma
sites. A total of 29 female and 52 male patients ranging
46-75 years old, who had not received distant metastases
nor any preoperative anticancer therapy. Furthermore, for
reverse transcription-quantitative PCR (RT-qPCR) analysis,
normal intrahepatic bile duct were obtained from 12 patients
(5 female and 7 male individuals ranging 43-74 years old),
and ICC tissues were obtained from 46 patients (26 male
and 20 female patients ranging 33-75 years old) at Lanzhou
University Second Hospital between June 2016 and July 2018.
A protocol for use of human surgical samples was approved by
the Lanzhou University Second Hospital Ethics Committee,
and informed consent was obtained from each patient.

The clinicopathological characteristics of patients with
ICC are presented in Table I. Outpatient follow-up procedures
were performed via letter and telephone, and are presented
in Table II. The median follow-up period of the 81 patients
was 18.5 months (range, 3.5-90.5 months; SD, 19.3 months).
The interval between the date of surgery and the date of first
relapse was defined as the time to relapse (TTR); for patients
without relapse, the interval between the date of surgery and
the end of the follow-up period was recorded. Patients without
relapse were censored at the date of the last follow-up. Systemic
chemotherapy was given to patients with recurrence; the main
recurrence sites were the hilar and bile duct.

Immunohistochemistry (IHC). ICC tissue samples obtained
from representative regions and noncancerous liver tissue were
stained via IHC. An arraying machine (Beecher Instruments,
Inc.) was used to construct tissue microarrays. The tissues were
fixed in 10% formalin neutral buffer solution for 24 h at room
temperature. Following deparaffinization in xylene and rehy-
dration in a graded ethanol series, ICC tissue array sections
(4-5 um thick) were treated with 1% H,0, to block endogenous
peroxidase activity and antigen retrieval was performed with
0.01% citrate buffer (pH 6.0) for 10 min in a microwave oven.
Rabbit anti-UBE2M monoclonal primary antibodies (1:100;
cat. no. abl09507; Abcam) were added and incubated for
30 min at room temperature. Then, the tissues washed with
TBS and incubated with the secondary antibodies (1:100;
cat. no. SPN-9001; OriGene Technologies, Inc.) for 2 h at room
temperature. Following visualization of protein expression
with 3,3'-diaminobenzidine (DAB), sections were counter-
stained with hematoxylin at room temperature for 5 min, and
comparisons were performed between tumor/normal pairs.
Photos were acquired under a Nikon Optiphot microscope
equipped with an Optronics charge-coupled-device camera
(magnification, x200; Nikon Corporation); five random fields
per sample were analyzed. Immunostaining intensity was
processed with Image-Pro Plus version 4.1 software (Media
Cybernetics, Inc.) and scored as follows: No staining (0), light
brown (1), brown (2), and dark brown (3), and scores of 2 and 3
were classified as high expression, whereas scores of 0 and 1
were classified as low expression in prognostic analyses.

RT-qPCR analysis. TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) supplemented with RNase-free DNase
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was used to extract total RNA from 46 ICC tissues and
12 normal intrahepatic bile duct tissues, as well as HUCCT1
and QBC939 cells. A PrimeScript™ RT reagent kit (Takara
Bio, Inc.) was used to perform RT according to the manufac-
turer's protocols. Then, qPCR was performed on an ABI 7500
thermocycler (Applied Biosystems; Thermo Fisher Scientific,
Inc.) using Power SYBR Green PCR MasterMix (Applied
Biosystems; Thermo Fisher Scientific, Inc.) as follows: Initial
step at 94°C for 5 min, followed by 40 cycles of denaturation
at 94°C for 30 sec, annealing at 55-60°C for 15 sec and
extension at 72°C for 60 sec, with a final extension at 72°C
for 7 min. B-actin was used as endogenous control, and the
2-44C4 method was performed to measure the expression of
target genes (19). The sequences of the primers used are as
follows: Human f-actin, forward 5-TGACGTGGACATCCG
CAAAG-3, reverse 5-CTGGAAGGTGGACAGCGAGG-3;
human UBE2M, forward 5'-ATGAGGGCTTCTACAAGA
GTGG-3', reverse S-ATTGTCTCACACTTCACCTTGG-3".

Cell lines and culture. Human cholangiocarcinoma cell
lines QBC939 and HUCCT1 were obtained from the Third
Military Medical University (Chongqging, China) and the Cell
Resource Center of Tohoku University, respectively. 293T cells
were obtained from the American Type Culture Collection.
Cells were cultured in Dulbecco's modified Eagle's medium
(HyClone; GE Healthcare Life Sciences) supplemented with
10% fetal bovine serum (FBS; Biochrom AG; Merck KGaA),
1% penicillin and streptomycin (Corning Inc.) at 37°C and
95% humidity with 5% CO,.

UBE2M short hairpin (sh)RNA and transfection. The target
sequence for the UBE2M shRNA was 5'-GGGCUUCUA
CAAGAGUGGGAAGUUU-3' (Invitrogen; Thermo Fisher
Scientific, Inc). The sequence of shUBE2M was designed
according to a previous study (11). pGC-fu-EGFP (Shanghai
GeneChem Co., Ltd.) double-digested by the restriction
enzymes EcoRI (cat. no. R0O101S; New England BioLabs, Inc.)
and BamHI (cat. no. R0O136S; New England BioLabs, Inc.)
was used as a vector. Positive lentiviral pGC-fu-EGFP vectors
with shUBE2M were packaged with pHelperl.0 and pHelper
2.0 vectors (Shanghai GeneChem Co., Ltd.) into 293T cells
(4x107 cells/dish) using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.), and the virus were collected
and centrifuged at 4,000 x g for 10 min at 4°C after transfec-
tion for 48 h. Then the virus was filtrated with a 0.45-um filter
and 500 gl virus was infected into QBC939 or HUCCT]1 cells
(5x10° cells/well) in DMEM supplemented with 10% FBS and
polybrene at a titer of 3x10® TU/ml, using Lipofectamine 2000,
whereas empty vector pGC-fu-EGFP was used as an empty
control (shNC). Following infection for 96 h, puromycin was
added to the medium at 4 ug/ml and cultured for 48 h after
transfection, and then images were captured.

Cell viability and colony formation assays. Cells transfected
with shUBE2M or shNC at a density of 1,500 cells/well were
plated into 96-well plates in triplicate. A Cell Counting Kit-8
assay (CCK-8; Beyotime Institute of Biotechnology) was used
to determine the cell viability at 48 h following the aforemen-
tioned 96-h transfection period according to the manufacturer's
protocols. Following incubation with 10 ul CCK-8 reagent for



2672

Table I. Associations between UBE2M expression and
clinicopathologic characteristics in patients with intrahepatic
cholangiocarcinoma.

UBE2M
expression
Clinicopathological
factors Low High P-value
Age (years) 0.586
<61 16 25
>61 18 22
Sex 0.698
Female 13 16
Male 21 31
HBsAg 0.184
Negative 19 33
Positive 15 14
Serum AFP (ng/ml) 0.130°
<20 33 40
>20 1 7
Serum CA 19-9 (ng/ml) 0.888
<36 15 20
=36 19 27
Serum ALT (U/1) 0.306
<40 26 31
>40 8 16
Serum ALP (U/1) 0.072*
<145 29 31
=145 5 16
Serum CEA (ug/1) 0.901
<5 20 27
=5 14 20
¢GGT (UN) 0.191
<60 18 18
=60 16 29
Child-Pugh score 0.130°
A 33 40
B 1 7
Liver cirrhosis 0.3422
No 27 42
Yes 7 5
Tumor size (cm) 0.599
<5 15 18
=5 19 29
Tumor number 0.530
Single 28 36
Multiple 6 11
Microvascular/bile duct invasion 0.532
No 26 33
Yes 8 14
Lymphatic metastasis 0.300
No 22 25
Yes 12 22
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Table I. Continued.

UBE2M
expression
Clinicopathological
factors Low  High P-value
Tumor encapsulation 0.108*
Complete 2 9
None 32 38
Tumor differentiation 0.124
Poor 19 34
Moderate/well 15 13

“Fisher's exact test; all other tests are y” tests. AFP, a-fetoprotein; ALT,
alanine aminotransferase; CA 19-9, carbohydrate antigen 19-9; CEA,
carcinoembryonic antigen; YGGT, y-glutamyltranspeptidase; HBsAg,
hepatitis B surface antigen; UBE2M, UBE2M, neural precursor cell
expressed developmentally downregulated 8-conjugating enzyme E2M.

4 h, the absorbance was measured at 450 nm using an auto-
matic multi-well spectrophotometer (Bio-Rad Laboratories,
Inc.).

For clonogenic assays, 200 cells/well were seeded in
60-mm petri dishes in triplicate. Following incubation for
12 days at 37°C, colonies were fixed with 4% paraformalde-
hyde for 15 min and stained with 0.5% crystal violet for 15 min
(both at room temperature). The number of colonies with >50
cells was counted using a fluorescence microscope (magnifica-
tion, x40; Olympus Corporation).

Apoptosis analysis. A fluorescence microscope (magnifi-
cation, x400; Olympus Corporation) was used to analyze
apoptosis in at least five fields per sample at 48 h after cell
seeding in 6-well plates at 2.0x10° cells/well.

Propidium iodide (PI) staining and analysis. Harvested cells
were fixed with 70% ethanol at -20°C overnight. Following two
washes with ice-cold PBS, cells were stained with PI (36 pg/ml;
Sigma-Aldrich; Merck KGaA) containing RNase (10 yg/ml;
Sigma-Aldrich; Merck KGaA) in the dark at 37°C for 15 min,
then a CyAn™ ADP flow cytometer (Beckman Coulter, Inc.)
was used to analyze apoptosis. Apoptosis was determined by
the population percentage of cells in sub-Gl. Data analysis
was performed using ModFit LT 5.0 software (Verity Software
House).

Protein extraction and western blotting. Cellular proteins
were extracted using cell lysis buffer (Beyotime Institute of
Biotechnology), then the concentration was measured with
a Pierce™ BCA protein assay kit (Thermo Fisher Scientific,
Inc.). Protein (50 pg) was separated via 12% SDS-PAGE
and then transferred to PVDF membranes (EMD Millipore).
Membranes were blocked with 5% skim milk at room
temperature for 60 min, and then incubated at 4°C overnight
with the following primary antibodies: NEDDS8 (1:1,000;
cat. no. ab81264; Abcam); UBE2M (1:1,000; cat. no. ab109507;
Abcam); origin recognition complex subunit 1 (ORCI; 1:1,000;
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Table II. Univariate and multivariate analyses of prognostic factors in patients with intrahepatic cholangiocarcinoma.
A, Univariate analysis

RFS oS
Variable HR (95% CI) P-value HR (95% CIT) P-value
Age (=61 years vs. <61 years) 1.208 (0.735-1.985) 0.457 1.131 (0.560-1.966) 0.664
Sex (male vs. female) 0.737 (0.442-1.229) 0.243 0.623 (0.355-1.094) 0.099
HBsAg (positive vs. negative) 0.346 (0.192-0.622) <0.001* 0.258 (0.130-0.512) <0.001*
Serum AFP (=20 ng/ml vs. <20 ng/ml) 1.182 (0.822-3.995) 0.141 1.859 (0.834-4.143) 0.129
Serum CA 19-9 (=36 ng/ml vs. <36 ng/ml) 1.589 (0.954-2.646) 0.075 2.308 (1.261-4.226) 0.007*
Serum ALT (=40 U/l vs. <40 U/1) 1.073 (0.626-1.840) 0.798 1.184 (0.655-2.141) 0.557
Serum ALP (=145 U/l vs. <145 U/1) 1.430 (0.826-2.475) 0.202 1.806 (1.006-3.244) 0.048*
Serum CEA (=5 ug/l vs. <5 ug/l) 1.885 (1.143-3.109) 0.013* 2.824 (1.605-4.969) <0.001*
vGGT (=60 U/1 vs. <60 U/) 1.304 (0.789-2.155) 0.301 1.760 (0.989-3.133) 0.054
Child-Pugh score (A vs. B) 1.200 (0.546-2.638) 0.649 1.294 (0.551-3.038) 0.554
Liver cirrhosis (no vs. yes) 0.571 (0.271-1.203) 0.140 0.539 (0.229-1.266) 0.156
Tumor size (=5 cm vs. <5 cm) 1.190 (0.716-1.975) 0.502 1.722 (0.958-3.096) 0.069
Tumor number (multiple vs. single) 1.344 (0.741-2.438) 0.330 1.736 (0.922-3.266) 0.087
Vascular invasion (yes vs. no) 1.181 (0.688-2.027) 0.546 1.060 (0.579-1.941) 0.850
Lymphatic metastasis (yes vs. no) 1.848 (1.119-3.053) 0.016* 2.838 (1.614-4.990) <0.001*
Tumor encapsulation (complete vs. none) 0.805 (0.383-1.694) 0.568 0.589 (0.233-1.486) 0.262
Tumor differentiation (poor vs. moderate/well) 0.677 (0.395-1.161) 0.155 0.604 (0.326-1.121) 0.110
UBE2M (high vs. low) 1.185 (1.084-3.038) 0.023* 2.470 (1.372-4.445) 0.003*
B, Multivariate analysis
RFS (0N}

Variable HR (95% CI) P-value HR (95% CI) P-value
HBsAg (positive vs. negative) 0.365 (0.198-0.672) 0.001* 0.280 (0.135-0.578) 0.001*
Serum CEA (=5 pg/l vs. <5 pg/l) 1.348 (0.788-2.034) 0.275 2.051 (1.108-3.797) 0.022*
Lymphatic metastasis (yes vs. no) 1.518 (0.895-2.577) 0.122 1.891 (1.038-3.442) 0.037*
UBE2M (high vs. low) 1.892 (1.11-3.214) 0.018* 2.842 (1.151-5.332) 0.001*

*P<0.05. Cox proportional hazards regression model. AFP, a-fetoprotein; ALT, alanine aminotransferase; CA 19-9, carbohydrate antigen 19-9;
CEA, carcinoembryonic antigen; CI, confidential interval; YGGT, y-glutamyltranspeptidase; HBsAg, hepatitis B surface antigen; HR, hazard
ratio; OS, overall survival; RFS, recurrence-free survival; UBE2M, neural precursor cell expressed developmentally downregulated 8-conju-

gating enzyme E2M.

cat. no. ab85830; Abcam); chromatin-licensing and DNA repli-
cation factor 1 (CDT1; 1:1,000; cat. no. ab202067; Abcam); poly
(ADP-ribose) polymerase (PARP; 1:1,000; cat. no. ab74290;
Abcam); cleaved (c)PARP (1:1,000; cat. no. ab4830; Abcam;
caspase-3 (1:1,000; cat. no. ab197202; Abcam); caspase-9
(1:1,000; cat. no. ab219590; Abcam); cullin 1 (1:1,000;
cat. no. ab75817; Abcam); and y-H2A histone family member
X (y-H2AX; 1:1,000; cat. no. ab26350; Abcam). Secondary
horseradish peroxidase-conjugated antibodies against rabbit
immunoglobulin G (IgG; 1:5,000; cat. no. sc-2004) or mouse
IgG (1:5,000; cat. no. sc-2005; both Santa Cruz Biotechnology,
Inc.) were then used at room temperature for 2 h. Bands were
visualized using Pierce™ ECL Western Blotting Substrate
(Thermo Fisher Scientific, Inc.).

In vivo mouse xenograft study. The present study followed
animal handling and experimental procedures, and was
approved by the Animal Care and Use Committee of Lanzhou
University Second Hospital (permit no. 2019A-019).
Following anesthesia via 1.9% ether inhalation for 5 min
(anesthesia was monitored based on the respiratory rate),
5-week-old male athymic nude mice (n=14, 20-35 g; housed
in an animal room maintained at 20-22°C and 30-70% rela-
tive humidity under a 12:12-h light/dark cycle) were
subcutaneously injected with QBC939 cells in the groin
(5x10° cells/injection). All animals (7 mice/group) had free
access to standard food and drinking water. After 3 days, the
tumor-bearing mice were randomly divided into shNC and
shUBE2M groups. Lentivirus was intratumorally injected
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Figure 1. Expression and prognostic value of UBE2M in ICC. (A) Immunohistochemistry staining of human ICC tissue specimens using specific antibodies for
UBE2M. (B) Quantification of UBE2M expression intensity. (C) UBE2M was overexpressed in ICC tumor tissues in the GSE26566 dataset. Among 104 clinical
samples, increased expression of UBE2M was detected in tumor tissue compared with 6 normal intrahepatic bile duct tissue samples. (D) Relative expression
of UBE2M was determined by reverse transcription-quantitative PCR in 46 ICC tumor tissues and 12 normal intrahepatic bile duct tissues. Kaplan-Meier
curves for (E) overall survival and (F) recurrence-free survival of patients with ICC, according to the expression of UBE2M. “"P<0.01. ICC, intrahepatic
cholangiocarcinoma; UBE2M, neural precursor cell expressed developmentally downregulated 8-conjugating enzyme E2M.

in mice (5x10® copies per injection). Vernier calipers were
used to measure the tumor size once every other day.
At 7 weeks later, the mice were sacrificed via cervical
dislocation (confirmed by the cessation of breathing and
heartbeat, and loss of nerve reflexes), and tumor xenografts
were collected, weighed and photographed. Tumor tissues
fixed with 10% formalin neutral buffer solution for 24 h in
room temperature were paraffin-embedded and sectioned
(4-5 pm thickness) for IHC. Paraffin sections were deparaf-
finized in 100% xylene and rehydrated in a graded ethanol
series, and then peroxidase blocking with 1% H,O, for

30 min at room temperature and antigen retrieval were
performed. Sections were incubated overnight at 4°C with
primary antibody against Ki-67 (1:100; cat. no. ab15580;
Abcam), followed by incubation for 15 min at room tempe-
rautere with a biotin-labeled secondary antibody (1:5,000;
Product # 65-6140; Invitrogen) and subsequently with
streptavidin-conjugated horseradish peroxidase (Fuzhou
Maixin Biotech Co., Ltd.). DAB was applied to develop
the peroxidase reaction. Then the sections were counter-
stained with hematoxylin (Fisher CS401-D) for 20 sec at
room temperature, mounted in neutral gum and analyzed
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using a Optiphot microscope (magnification, x200; Nikon
Corporation) in five random fields per sample.

GSE dataset analyses. Public data for ICC [GSE26566 (20),
containing 104 cases of ICC, 59 cases of matched non-cancerous
livers and 6 cases of normal intrahepatic bile duct] were
obtained from Gene Expression Omnibus (GEO) database (21).

Protein-protein interaction (PPI) network analyses.
The STRING database (version 11; https://string-db.
org/cgi/input.pl) was used to construct the PPI network of
UBE2M (22).

Statistical analyses. Data were presented as the mean + stan-
dard deviation of three or more independent repeats.
Comparisons between two groups were performed using
Student's t-test, Fisher's exact test or %* test. Kaplan-Meier
analysis and log-rank test, or univariate and multivariate
analyses were used to analyze associations between TTR and
overall survival and prognostic factors as appropriate. All
statistical analysis were performed using SPSS software 18.0
(SPSS, Inc.). P<0.05 was considered to indicate a statistically
significant difference.

Results

UBE2M protein is overexpressed in ICC tissue specimens and
associated with clinical outcomes. To evaluate the expression
of UBE2M in ICC tissues, UBE2M expression was measured
via IHC staining in tissue specimens derived from 81 pairs
of primary ICC tissues and adjacent normal tissues. It was
revealed that UBE2M was overexpressed in ICC tumor tissue
compared with matched non-tumor tissue (Fig. 1A and B).

To further investigate the effects of UBE2M on ICC
progression, UBE2M protein expression in ICC tumors from
the GSE26566 dataset was analyzed; as presented in Fig. 1C,
UBE2M protein was significantly upregulated in ICC tumor
tissues compared with normal intrahepatic bile duct in the
dataset (P<0.01). RT-qPCR analysis revealed that UBE2M
mRNA was significantly overexpressed in ICC tumor tissue
compared with normal intrahepatic bile duct tissues (Fig. 1D).
These findings indicated that UBE2M was overexpressed in
ICC tumor tissues compared with in normal tissues.

To demonstrate the prognostic relevance of UBE2M
expression in ICC, patients were separated into high (strong
or moderate intensities) or low (weak or negative intensities)
expression groups according to THC staining of ICC tumor
tissues. The expression of UBE2M was not significantly
associated with any of the assessed clinicopathological
variables (Table I). Kaplan-Meier analysis revealed that the
overall survival of patients with high expression of UBE2M
was significantly reduced compared with those with low
expression (P=0.002; Fig. 1E). The TTR of patients with high
UBE2M expression (median, 9 months) was significantly
shorter than those with low expression (median, 14 months;
P=0.018; Fig. 1F). Univariate analysis revealed that high
expression of UBE2M was clearly associated with worse
prognosis and reduced TTR in patients with ICC (Table II).
Furthermore, multivariate Cox proportional hazards regres-
sion analysis was performed for several clinicopathological
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factors (Table II). It was demonstrated that that high expres-
sion of UBE2M (P<0.001), negative hepatitis B surface
antigen (HBsAg; P<0.001), high expression of serum carcino-
embryonic antigen (CEA; P<0.05) and lymphatic metastasis
(P<0.05) were independent prognostic factors for poor overall
survival. Additionally, multivariate regression analysis showed
that UBE2M overexpression and positive HBsAg were inde-
pendent factors for recurrence-free survival (P=0.018 and
P<0.001, respectively).

UBE2M knockdown inhibits the growth of QBC939 cells and
HUCCT cells. To further determine the role of UBE2M in ICC
tumor cell lines, ShUBE2M was used to knock down UBE2M
expression in the ICC cell lines QBC939 and HUCCTI. As
shown in Fig. 2C, western blotting revealed that UBE2M
shRNA markedly downregulated expression of UBE2M
protein in QBC939 and HUCCT]1 cells (Fig. 2C). Subsequently,
the effects of UBE2M knockdown on the viability and colony
formation of these ICC cells were evaluated; CCK-8 analysis
revealed that the viability of shUBE2M cells was significantly
inhibited compared with that of shNC cells (P<0.001; Fig. 2A).
Similarly, colony formation was significantly decreased in
shUBE2M cells (P<0.001; Fig. 2B). These data indicated that
the UBE2M suppression resulted in the inhibition of ICC cell
viability.

As UBE2M is an important component of neddylation,
the expression of the cullin substrates ORC1 and CDT1 were
subsequently investigated. Immunoblotting revealed that the
expression levels of cullin 1 in ICC cell lines were not notably
changed, whereas NEDDS8-cullinl expression was notably
reduced following UBE2M knockdown. The cullin substrates
ORC1 and CDT1, whose overexpression induce DNA damage
responses, were clearly upregulated in shUBE2M cells.
Additionally, upregulation of y-H2AX, a marker of DNA
double strand breaks (DSBs), was observed in the shUBE2M
groups (Fig. 2C).

UBE2M knockdown induces ICC tumor cell apoptosis. The
previous findings indicated that UBE2M silencing suppressed
the viability and proliferation of ICC tumor cells. To further
investigate the potential mechanisms involved, the expression
of apoptosis-associated proteins was evaluated, including
PARP, cPARP, caspase-3, and caspase-9. UBE2M knockdown
appeared to induce apoptosis as demonstrated by a shrunk
cellular morphology (Fig. 3A), the upregulation of cPARP, and
caspase-3 and -9 (Fig. 3C), and the appearance of a sub-G1
peak (Fig. 3B).

Effects of UBE2M knockdown on mouse xenograft growth.
Due to the antitumor effects of UBE2M knockdown on ICC
cells in vitro, its effects were further examined in nude mouse
xenografts. Tumor-bearing nude mice were intratumorally
injected with lenti-shUBE2M, and then tumor growth was
monitored. UBE2M knockdown in reduced growth of tumors,
with significantly decreased tumor volume (P<0.01; Fig. 4A)
and weight (P<0.01; Fig. 4B) compared with the control
group injected with lenti-shNC. IHC staining demonstrated
that injection of lenti-shUBE2M led to a marked reduction
of Ki67 expression, a marker of proliferation, in nude mouse
xenografts (Fig. 4C).
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Figure 4. UBE2M knockdown inhibits the growth of intrahepatic cholan-
giocarcinoma cell xenografts. (A) Images of shNC and shUBE2M xenograft
tumors were assessed 7 weeks after initiation of the experiment (n=7). Tumor
tissues of mice were collected, photographed, weighed and stored for further
analyses. (B) Tumor volume and (C) weight were reduced following UBE2M
knockdown. (D) Immunostaining revealed a decrease in Ki-67 expression.
“P<0.01. NC, negative control; sh, short hairpin (RNA); UBE2M, neural
precursor cell expressed developmentally downregulated 8-conjugating
enzyme E2M.

Figure 5. Protein-protein interaction network for UBE2M predicted by the
STRING database. CUL, cullin; DCUN, defective in cullin neddylation;
NAEIL, NEDDS activating enzyme El; NEDDS, neural precursor cell
expressed developmentally downregulated 8; RBX1, RING-box protein 1;
RNF7, ring finger protein 7; UBA3, ubiquitin-like modifier activating
enzyme 3; UBE2M, NEDD8-conjugating enzyme E2M.
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Finally, protein-protein interaction (PPI) network
analysis was performed using the STRING database, based
on previous studies into UBE2M function (13,23-25). As
presented in Fig. 5, UBE2M was revealed to interact with
CULI1, CUL3, defective in cullin neddylation 1 (DCUNI)
D1, DCUNI1D2, DCUNI1D3, NAE1, NEDDS8, RING-box
protein 1, ring finger protein 7 and ubiquitin-like modifier
activating enzyme 3.

Discussion

ICC represents the second most common hepatic carcinoma,
with a majority of patients diagnosed at a nonsurgical stage;
even following early radical resection, the rate of recurrence
after surgery is 60-70% (26). Therefore, postoperative adjuvant
therapy is often considered, and the development of effec-
tive treatment strategies is urgently required. As one of the
critical molecular pathways involved in carcinogenesis and the
progression of various cancers, including lung, breast, bladder,
gastric and prostate cancers (27-31), the neddylation pathway
was also upregulated in ICC (14). Neddylation modification
and CRL E3 ligase are attractive anticancer targets (32-34).
An inhibitor of NEDDS§-activating enzyme E1, MLN4924,
was demonstrated to suppress the growth of ICC tumor cells
both in vitro and in vivo (14); however, there has been limited
investigation into the effects of Nedd8-conjugating enzyme
UBE2M.

In the present study, it was reported for the first time, to the
best of our knowledge, that UBE2M protein was overexpressed
in ICC tissue specimens compared with corresponding normal
tissues, consistent to with previous studies in other types of
human cancers, including lung cancer, and head and neck squa-
mous cell carcinoma (27,35). However, the imbalanced group
numbers in the GSE26566 dataset, including 104 cases of ICC
and 6 cases of normal intrahepatic bile duct, may impact the
interpretation of these results. More normal intrahepatic bile
duct samples should be collected for further analysis in future
studies. Overexpression of UBE2M was previously associated
with worse prognosis in lung cancer (27), suggesting that
UBE2M expression may be a novel prognostic marker for
patients with ICC. In the study, it was demonstrated that the
expression of UBE2M was not significantly associated with
any assessed clinicopathologic features in patients with ICC,
which may be due to the small sample size; a previous study
reported that Neuropilin-1 expression was not significantly
associated with clinicopathologic characteristics in breast
cancer tissues as a result of the small number of patients
enrolled in this study (36).

Silencing of UBE2M expression inhibited ICC cell growth
and led to apoptosis. Molecularly, knockdown of UBE2M
expression blocked the second step of neddylation pathway in
HUCCT!1 cells and QBC939 cells, leading to accumulation of
cullin substrates ORC1 and CDT1, and subsequently resulting
in DSBs and the induction DNA damage responses, as
revealed by the upregulated expression of y-H2AX. UBE2M
silencing results in increased DNA breakages and sensitivity
to DNA-damaging agents (24). Additionally, aberrant DNA
repair and increased apoptosis was observed, as determined
by low expression of PARP, which is involved in DNA
repair (37) and apoptosis (38), and increased cPARP, caspase-3
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and caspase-9 following UBE2M knockdown (11). Induction
of cellular apoptosis is regarded as an important antitumor
mechanism; various stresses, including antitumor gene activa-
tion (39), telomere dysfunction (40,41) and DNA damage (42)
can all initiate cellular apoptosis.

Mechanistically, UBE2M knockdown resulted in the
reduced viability and colony formation of ICC cell lines,
potentially due to DNA damage responses and apoptosis.
UBE2M knockdown not only inhibited the colony formation
of ICC cells in vitro, but also suppressed ICC tumor growth
in vivo, as determined by the reduced size of tumor xenografts
infected with the shUBE2M lentivirus.

Additionally, protein-protein interaction (PPI) network
analysis was performed for UBE2M to identify molecules
potentially involved in its effects. In future experiments,
gene expression or RNA sequencing followed by gene set
enrichment analysis on cell lines will be performed pre- and
post-shUBE2M treatment to identify the relevant molecular
pathways involved in the development of ICC.

In conclusion, the present study revealed that UBE2M
served an important role in ICC progression, and that
targeting UBE2M protein is a potential anticancer strategy for
ICC. Further investigation of the underlying mechanisms of
UBE2M in ICC is required.
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