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Abstract. The present study aimed to illustrate the associa-
tion of the expression of ubiquitin‑conjugating enzyme E2A 
(UBE2A) with the clinicopathological parameters and prog-
nosis in hepatocellular carcinoma (HCC). The expression levels 
of UBE2A mRNA and protein in a total of 276 HCC tissues 
and six liver cell lines was detected by fluorescent quantitative 
polymerase chain reaction, western blotting and immunohis-
tochemistry. Statistical analysis was also performed to assess 
the association of the expression of UBE2A with the clinico-
pathological parameters and prognosis by the GraphPad Prism 
and SPSS version 21.0 software. UBE2A mRNA and protein 
were highly expressed in HCC tissues compared with those 
in the adjacent normal tissue. Immunohistochemical analysis 
revealed that UBE2A protein was more strongly stained in 
the 276 paraffin‑embedded HCC tissues as compared with 
the 63 adjacent normal tissue. Statistical analysis also demon-
strated that UBE2A expression was significantly associated 
with histological differentiation, TNM stage and vascular 
invasion of HCC (P<0.05). Notably, HCC patients with a high 
expression of UBE2A had a shorter survival time as compared 
with those with a low expression of UBE2A. There results 
suggested that UBE2A may be involved in the pathogenesis 
of HCC and may serve as an important prognostic marker. 

Further exploration of the involvement of UBE2A in HCC 
development may provide novel therapeutic targets.

Introduction

Hepatocellular carcinoma (HCC) is the third leading cause 
of cancer‑associated mortality worldwide and the fifth most 
common cancer type (1). HCC is a global health burden and 
its prevalence varies worldwide  (2). The incidence rate is 
reported to be higher in Asia (>20 cases/100,000 individuals) 
in comparison with that in North America and Europe 
(<5 cases/100,000 individuals) (3). The prognosis of HCC is 
poor, as evident by the fact that the number of annual mortality 
cases (~600,000) is almost equal to the number of new cases 
diagnosed annually (4). The median rate for 1‑year survival 
is 80% (range, 63‑97%), for 3‑year survival is 70% (range, 
34‑78%) and for 5‑year survival is 50% (range, 17‑69%) (5). 
Surgery remains the most important treatment strategy for 
patients with HCC. The 5‑year survival rate of patients with 
early HCC subsequent to resection treatment reaches 50%, 
although these patients exhibit a high recurrence rate (6,7). 
Despite advances in the diagnosis  (8) and treatment  (9) 
of HCC, the prognosis of this disease remains poor  (10). 
Therefore, further clarification of the mechanisms underlying 
its development is important (11,12).

At present, the prognosis of HCC is predicted based 
on imaging findings and biomarkers. Various biomarkers, 
including α‑fetoprotein (AFP)  (13), des‑γ‑carboxy 
prothrombin (14) and α‑l‑fucosidase (15), have been identified 
over the past three decades. However, accurate indicators for 
the prognosis of HCC are limited. Consequently, there is an 
urgency to develop a novel biomarker for the prognosis of 
HCC.

The ubiquitin system serves a critical role in numerous 
cellular events, including the cell cycle regulation, DNA repair, 
stress responses, metabolic homeostasis, organelle biosyn-
thesis and apoptosis (16,17). A recent study demonstrated that 
the hepatitis C virus NS3 protein enhanced HCC cell invasion 
by promoting protein phosphatase magnesium‑dependent 
1A  ubiquitination and degradation  (18), which indicated 
degradation and ubiquitination of proteins were involed in 
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the deveopment of HCC. Ubiquitination is catalyzed by a 
series of enzymes, including ubiquitin‑activating enzyme E1, 
ubiquitin‑conjugating enzyme E2A (UBE2A) and E3 
ubiquitin ligase (19). UBE2A is a member of a group of E2 
enzymes  (20) that are involved in DNA damage repair by 
catalyzing the ubiquitination of different target proteins (21). 
DNA methylation involves the attachment of a methyl group to 
the cytosine, guanine or amino acids of histones wrapped with 
DNA, often leading to normal or aberrant modification in gene 
function (22). Previous studies have revealed that UBE2A is 
considered as a node for directing different pathways of DNA 
damage repair (23), and UBE2A is overexpressed in certain 
cancer cell lines and tumors  (24). However, the role and 
function of UBE2A in HCC remain unknown. Therefore, the 
present study aimed to investigate the significance of UBE2A 
expression and its prognostic value in HCC.

Materials and methods

Patients and tumor tissues. A total of 276 HCC tissue samples 
and 63 adjacent normal tissue were obtained from 276 patients 
with HCC undergoing resection treatment in the Nantong 
Third People's Hospital (Nantong, China) and the Affiliated 
Hospital of Nantong University (Nantong, China) between 
September 2007 and December 2014. The 276 participants 
included 152 male and 124 female patients, aged between 
26 and 80 years (mean age, 53.4 years). The distance between 
the para‑carcinoma and carcinoma tissue was >2.5 cm. All the 
tissues were fixed in 10% neutral buffered formalin for 24 h 
and then embedded in paraffin. A total of 42 paired tumor and 
adjacent normal tissues in all these patients were immediately 
frozen at ‑80˚C until use. The diagnosis of all HCC patients 
was confirmed according to HCC guidelines for the diagnosis 
and treatment of European Association (25), and no patient 
received chemotherapy or radiotherapy prior to surgery. This 
study was approved by the Ethics Committee of Nantong 
Third People's Hospital, and all the patients provided signed 
informed consent.

Cell lines and culture. Human HCC cell lines, including 
HepG2 (cat. no. TCHu72), Huh‑7 (cat. no. TCHu182), Bel‑7402 
(cat. no. TCHu10), and Bel‑7701 (cat. no. TCHu42) cells, and 
the human normal liver cell line HL‑7702 (cat. no. GNHu6) 
were obtained from the Cell Bank of the Chinese Academy 
of Sciences (Shanghai, China). The SNu‑423 was a gift from 
Mr. Xiangwei Hua from Renji Hospital, School of Medcine, 
Shanghai Jiaotong University (Shanghai, China) and stored 
in the laboratory of the Nantong Institute of Liver Diseases 
(Nantong, China). The cells were cultured in Dulbecco's modi-
fied Eagle's medium (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) supplemented with 10% fetal 
bovine serum (Cell Sciences, Inc., Newburyport, MA, USA), 
100 mg/ml streptomycin and 100 U/ml penicillin (Invitrogen; 
Thermo Fisher Scientific, Inc.) in a humidified incubator with 
5% CO2 at 37˚C.

RNA isolation and fluorescent quantitative polymerase chain 
reaction (qPCR). Total RNA was isolated from the tissues and 
cells using RNAiso Plus (Takara Biotechnology Co., Ltd., 
Dalian, China). The quality and quantity of the isolated RNA 

were evaluated using a UV‑1800 spectrophotometer (Shimadzu 
Corporation, Kyoto, Japan). Next, total RNA was converted 
into cDNA using a PrimeScript RT Reagent kit (Perfect Real 
Time; Takara Biotechnology Co., Ltd.). qPCR was performed 
using a SYBR‑Green PCR Master Mix (Vazyme Biotech Co., 
Ltd., Nanjing, China). The sequences of primers used in the 
qPCR analysis were as follows: β‑actin forward, 5'‑GGA​CTT​
CGA​GCA​AGA​GAT​GG‑3' and reverse, 5'‑AGG​AAG​GAA​
GGC​TGG​AAG​A‑3'; UBE2A forward, 5'‑CCT​ATG​ATG​TGT​
CTT​CCA​TTC​TAA​C‑3' and reverse, 5'‑TAT​TCC​CGT​TTG​
TTC​TCC​TG‑3'. qPCR was initially performed at 95˚C for 
5 min, and then samples were subjected to 40 cycles of ampli-
fication at 95˚C for 10 sec and at 60˚C for 30 sec. The mRNA 
expression of UBE2A was normalized to that of β‑actin. The 
fold amplification for each gene was calculated using the 2‑ΔΔCq 
method (26).

Western blotting. Approximately 25 mg HCC tissue was lysed 
with RIPA lysis buffer including phosphatase inhibitor cock-
tail (Beyotime Institute of Biotechnology, Shanghai, China). 
The supernatant was then harvested after 10,000 x g centrifu-
gation for 10 min in 4˚C, and then protein concentration was 
measured using a BCA Protein Assay kit (Beyotime Institute 
of Biotechnology). Equal amounts of protein were electropho-
retically separated by 10% SDS‑PAGE and transferred onto 
nitrocellulose membranes at 100 V for 90 min. The expres-
sion of UBE2A was analyzed using a single specific primary 
antibody, RAD6 (cat. no. ab31917; 1:1,000; Abcam, Cambridge, 
MA, USA), and the β‑actin (cat. no. ab8227; 1:1,500; Abcam) 
was used as control. Subsequent to overnight incubation at 
4˚C, the membranes were incubated with horseradish peroxi-
dase‑conjugated goat anti‑rabbit IgG secondary antibody (cat. 
no. KC‑RB‑035; 1:3,000; Kangchen Biotech Co., Ltd., Shanghai, 
China) at room temperature for 1 h. Next, the samples were 
washed three times with Tris‑buffered saline and Tween‑20, 
and an enhanced chemiluminescence system (Thermo Fisher 
Scientific, Inc.) was used to visualize the results. Grey values 
of western blotting were analyzed using Image J software 1.48 
(National Institutes of Health, Bethesda, MD, USA).

Hematoxylyin and eosin (H&E) and immunohistochem-
istry. The liver tissues were fixed in 10% neutral buffered 
formalin for 24 h at room temperature and then embedded in 
paraffin. The 4‑µm slides were stained with 0.5% hematoxylin 
[weight/volume (W/V)] for 10 min and wased with water for 
10 min, then the slides was satined with 1% eosin (W/V) for 
30 sec. All the procedures were performed at room tempera-
ture. The H&E staining kit (cat. no. C0105; Beyotime Institute 
of Biotechnology) was obtained from Beyotime Institute of 
Biotechnology. An immunohistochemical assay was performed 
on formalin‑fixed, paraffin‑embedded HCC tissues using 
antibodies against UBE2A  (27). Briefly, 4 µm slides were 
deparaffinized through a series of xylene baths and graded 
alcohols. Antigen retrieval was conducted by microwaving the 
slides in citrate buffer (pH 6.0) for 10 min. The endogenous 
peroxidase activity was blocked by 3% H2O2 for 15 min at room 
temperature, and then the sections were incubated with rabbit 
anti‑human UBE2A (cat. no. ab31917, 1:200 dilution; Abcam) 
overnight at 4˚C. Subsequently, a horseradish peroxidase‑conju-
gated anti‑mouse/rabbit secondary antibody (cat. no. D‑3004; 
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Shanghai Changdao Biotechnology Co., Ltd, Shanghai, China) 
was applied for 30 min the following day at room temperature. 
Following DAB staining for 1 min at room temperature, hema-
toxylin staining was performed. Stained sections were observed 
by 1 pathologist. Five fields of each slide were randomly 
observed under an optical microscope in x200 magnification, 
and then the expression level of UBE2A was scored on a scale 
of 0‑3 according to the intensity, as follows: 0, negative expres-
sion; 1, weak expression; 2, moderate expression; and 3, strong 
expression.

Statistical analysis. Data are expressed as the mean ± standard 
deviation. The differences between groups were determined by 
nalysis of variance, and comparison between two groups was 
conducted using the Student's t‑test. The survival time was 
compared between HCC patients with high or low expression of 
UBE2A using the log‑rank single factor test, and Kaplan‑Meier 
survival curves were constructed using GraphPad Prism version 
6.0 (GraphPad Software, Inc., San Diego, CA, USA). The Cox 
proportional hazards regression analysis was performed using 
the SPSS version 21.0 statistical software package (IBM Corp., 
Armonk, NY, USA). P<0.05 was considered to indicate a differ-
ence that was statistically significant.

Results

Baseline characteristics. The complete clinical and follow‑up 
data of 276 HCC patients who received no antitumor treatment 

prior to surgery were collected, and the cohort included 
152  male and 124 female patients, aged between 26 and 
80 years (mean age, 53.4 years). In total, 119 patients presented 
with vascular invasion, while 157 presented no vascular inva-
sion. In addition, 144 cases had highly differentiated HCC 
and 132 patients had poorly differentiated HCC. The tumor 
diameter was <5 cm in 173 patients. According to the seventh 
edition of the TNM Classification of Malignant Tumors 
(TNM‑7) (28), 103 patients were classified as TNM stage I 
or II, while 173 were classified as stage III or IV cases. All 
clinical data are summarized in Table I.

Increased UBE2A expression in HCC patients and cell lines. 
qPCR was used to detect the expression of UBE2A in HCC 
and adjacent normal tissue. UBE2A mRNA expression was 
significantly increased in HCC tissues (9.55±8.84) compared 
with the adjacent normal tissue (5.74±2.25; P<0.01; Fig. 1A). 
Western blotting was also used to detect the level of UBE2A 
protein, which was observed to be highly expressed in HCC 
tissues, whereas it was weakly detected in adjacent normal 
tissue (Fig. 1B). Furthermore, immunohistochemical staining 
was used to detect the expression of UBE2A in HCC and adja-
cent normal tissue. UBE2A was expressed in the nuclei and 
cytoplasm of HCC cells, but it was mainly located in the cyto-
plasm (Fig. 1C). There was strongly positive UBE2A protein 
expression in the 276 HCC tissues, and weak or no expression 
in the 63 adjacent normal tissue, with a statistically significant 
difference observed (P<0.0001; Fig. 1C and D).

Table Ι. Association between UBE2A expression and clinicopathological characteristics of patients.

	 UBE2A expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Total	 High expression (n=166)	 Low expression (n=110)	 P‑value

Age (years)				    0.9034
  <53	 129	 78	 51
  ≥53	 147	 88	 59
Sex 				    0.8049
  Male	 152	 90	 62
  Female	 124	 76	 48
TNM stagea	 			   0.0010
  Ι and ΙΙ	 103	 49	 54
  ΙΙΙ and ΙV	 173	 117	 56
Histological differentiationb	 			   0.0099
  Ι and ΙΙ	 144	 76	 68
  ΙΙΙ and ΙV	 132	 90	 42
Vascular invasion				    0.0253
  Negative	 157	 85	 72
  Positive	 119	 81	 38
Tumor diameter (cm)				    0.7031
  <5	 173	 106	 67
  ≥5	 103	 60	 43

aAccording to 2002 TNM Classification of Malignant Tumors by the International Union Against Cancer. bHistological differentiation was 
classified by the Edmondson‑Steiner grade. UBE2A, ubiquitin‑conjugating enzyme E2A.
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UBE2A expression was then examined in various HCC 
cell lines and normal liver cells. qPCR further revealed that 
UBE2A mRNA was highly expressed in HCC cell lines 
(HePG2, 1.67±0.02; Huh‑7, 2.56±0.15; Bel‑7402, 2.34±0.07; 
SNu‑423, 2.30±0.06; Bel‑7701, 2.14±0.07) as compared with 
that in normal cells (HL‑7702, 0.89±0.12; P<0.001; Fig. 2).

Association of UBE2A expression with clinicopathological 
parameters of HCC patients. The correlation of UBE2A 
expression with the clinicopathological parameters of HCC 
patients was examined. A significant association was detected 
between UBE2A protein expression and the histological 
differentiation, TNM stage and vascular invasion (all P<0.05). 
However, UBE2A expression was not associated with the 
age, sex and tumor size of HCC patients (Table Ι). According 
to the TNM staging system, 276 cases of HCC tissues were 
divided into two groups, including patients with stage Ι+ΙΙ and 
stage ΙΙΙ+IV disease. Statistical analysis of UBE2A expres-
sion in HCC patients with different TNM stage revealed 
that UBE2A expression in the TNM stage III+IV group was 
significantly higher in comparison with that in the stage I+II 
group (P<0.0001; Fig. 3).

Correlation of UBE2A expression with patient survival. All 
patients were classified into two groups according to the 
immunohistochemical scores as follows: A score of 0 or 1 
was considered as low expression, while a score of 2 or 3 was 
considered as high expression. Patients in the present study 
were followed up for 3 to 10 years. The correlation between the 

prognostic effect of UBE2A expression and the overall survival 
of HCC patients was then investigated. The Kaplan‑Meier 
curve demonstrated that a high UBE2A protein level was a 
significant prognostic factor in revealing poor overall survival 
in HCC patients. The 166 patients with high UBE2A protein 
expression had a significantly lower survival rate as compared 
with the 110 patients with low UBE2A protein expression 
(P<0.0001; Fig. 4). In the Kaplan‑Meier survival curve, a 

Figure 2. Detection of UBE2A mRNA expression by fluorescent quantita-
tive polymerase chain reaction in HCC cell lines, including HepG2, Huh‑7, 
Bel‑7402, SNu‑423 and Bel‑7701 cells, and in normal human liver HL‑7702 
cells serving as the used as the control. *P<0.05, **P<0.01 and ***P<0.001. 
UBE2A, ubiquitin‑conjugating enzyme E2A; HCC, hepatocellular carcinoma.

Figure 1. Expression of UBE2A in HCC and adjacent normal tissue. (A) Fluorescent quantitative polymerase chain reaction was performed for the detection of 
UBE2A mRNA expression in fresh HCC (n=42) and adjacent normal tissue (n=42). (B) Detection of UBE2A protein expression in HCC and adjacent normal 
tissue by western blotting. (C) Representative immunohistochemical staining of UBE2A in HCC and adjacent normal tissue. The upper image demonstrates 
a sample of the HCC and adjacent tissue (scale bar, 100 µm). The lower images are enlarged views of the upper image (scale bar, 100 µm). All images are 
provided at magnification, x400. (D) Immunohistochemical score of UBE2A expression in HCC and adjacent normal tissue. **P<0.01 and ****P<0.0001. 
UBE2A, ubiquitin‑conjugating enzyme E2A; HCC, hepatocellular carcinoma; T, tumor tissue; A, adjacent normal tissue.
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significant difference was detected between HCC patients with 
high and low UBE2A expression, as determined according to 
their immunohistochemical score (P<0.0001, log‑rank test; 
Fig. 4).

Univariate and multivariate analyses of prognostic param-
eters in HCC patients. To identify the variables with potential 
prognostic significance, univariate analysis of each clinicopath-
ological parameter was performed to examine its correlation 

with the survival of HCC patients. The hazard ratio and P‑value 
for each parameter were used to predict the prognosis of HCC 
patients. The importance of each parameter was calculated 
by multivariate Cox proportional hazards model analysis. A 
stepwise forward‑inclusion of clinicopathological parameters 
in the model was performed through univariate analysis, which 
revealed that the significant prognostic factors for HCC patients 
included the UBE2A expression, Histological differentiation, 
TNM stage and vascular invasion (Table  ΙΙ). Multivariate 
analysis also yielded the same results as the univariate analysis 
(Table ΙΙΙ).

Discussion

HCC is a leading cause of cancer‑associated mortality world-
wide, and tumor recurrence and metastasis are major factors 
that contribute to the poor prognosis of HCC patients (29,30). 
Previous studies have confirmed that protein ubiquitination 
serves multiple roles in different biological processes. It is 
known that ubiquitination is crucial for protein degradation (31). 
The E2 ubiquitin‑conjugating enzyme RAD6 catalyzes target 
proteins through ubiquitination (22). The human homologs of 
yeast DNA repair gene RAD6 are termed UBE2A and UBE2B.

In the present study, it was observed that the expression of 
UBE2A mRNA and protein was upregulated in HCC, while 
UBE2A protein was located both in the cytoplasm and nucleus 
in HCC tissues, although mainly detected in the cytoplasm. 
qPCR measurement also revealed that UBE2A was upregulated 
in HCC cell lines compared with the level in normal hepatocytes. 
Based on these results, it is concluded that UBE2A expression is 
increased in HCC tissues and cell lines, and may be associated 
with tumor pathology or prognosis in HCC patients.

UBE2A is a regulator of the G1‑S transition and proliferation 
in human cells by targeting cyclin D1 expression. Cyclin D1 and 
G1‑S transition have been reported to be significantly involved 
in tumorigenesis (22). In the current study, the UBE2A expres-
sion and pathological tumor stage were higher in HCC patients, 
particularly in patients with vascular invasion, while it was less 
pronounced in HCC patients with long‑term survival. Therefore, 
it is predicted that UBE2A may affect the development of HCC 
by regulating the proliferation and migration of HCC cells.

Several studies have been engaged in searching for candi-
date biomarkers for the treatment and prognosis predition of 
HCC, identifying AFP, miRNA and long non‑coding RNAs as 
potential biomarkers (32,33). In the present study, among the 
276 HCC patients enrolled, UBE2A expression was increased 
in the cancer tissues compared with the adjacent normal tissues. 
To illustrate the association between UBE2A expression and the 
tumor pathology or prognosis, the 276 patients were classified 
into two groups according to the immunohistochemical score 
of their tissue specimens. Notably, patients with high UBE2A 
expression exhibited poor prognosis. All these findings indi-
cated that increased UBE2A expression is associated with the 
development and progression of HCC, and that UBE2A expres-
sion can be used as an independent predictor of prognosis in 
HCC patients. The overall survival of patients with high UBE2A 
expression was reported to be reduced in comparison with that of 
patients with low UBE2A expression according to Kaplan‑Meier 
analysis, which revealed that UBE2A was correlated with the 
prognosis of HCC. Thus, the prognostic value of UBE2A in 

Figure 3. Correlation between UBE2A and TNM stage in HCC patients. 
(A) Representative hematoxylin and eosin staining of TNM stage I and IV 
HCC tissues (scale bar, 100 µm) and (B) representative immunohistochem-
ical staining of UBE2A in patients with TNM stage I and IV HCC (scale bar, 
100 µm). (C) Immunohistochemical scores of UBE2A expression in HCC 
patients with different TNM stages. ****P<0.0001. UBE2A, ubiquitin‑conju-
gating enzyme E2A; HCC, hepatocellular carcinoma.

Figure 4. Kaplan‑Meier plots of the overall survival of 276 HCC patients, 
stratified by the expression of UBE2A. Lower expression is indicated by the 
immunohistochemical score of 0 or 1, while high expression is indicated by 
a score of 2 or 3. UBE2A, ubiquitin‑conjugating enzyme E2A; HCC, hepa-
tocellular carcinoma.
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HCC was further evaluated, and it was observed that UBE2A 
was a crucial factor in the prognosis of HCC and would be an 
independent prognostic biomarker for HCC patients.

However, there were certain limitations to the present study. 
For instance, there is a lack of data examining the mechanism 
responsible for the overexpression of UBE2A in HCC tissue, 
or the substrate that UBE2A degrades in HCC progression. 
Previous studies have also indicated that UBE2A regulates p53 
protein levels by transcriptional and post‑transcriptional mecha-
nisms in human cells (20,34). Thus, the mechanism of UBE2A 
involvement in the development of HCC should be clarified in 
the future.

In conclusion, the results of the present study suggested 
that UBE2A serves as an independent prognostic marker for 
HCC. Furthermore, it was observed that UBE2A expression 
was associated with the histological differentiation, TNM stage 
and vascular invasion of patients. All these data indicated that 
UBE2A serves a critical role in the development of HCC. Thus, 
elaborating the underlying mechanism of UBE2A in future 
studies is important, which may offer novel therapeutic targets 
for HCC.
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