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Abstract. – OBJECTIVE: The ubiquitin-con-
jugating enzyme E2C (UBE2C) has been known 
as a crucial factor upregulated in various tumors. 
The functions of UBE2C is mainly involved in the 
pathway protein ubiquitination. This study inves-
tigates the expression of UBE2C in gastric can-
cers and its correlation with overall survival rate.

MATERIALS AND METHODS: Real-time PCR 
(RT-PCR) and Western blotting were performed 
to determine the expression of UBE2C in gas-
tric cancer samples and adjacent normal tis-
sues. Immunohistochemical staining was used 
to assess the expression of UBE2C in 216 paraf-
fin-embedded gastric cancer tissues.

RESULTS: The mRNA and relevant protein lev-
els of UBE2C in gastric cancer tissues are sig-
nificantly greater than those in the adjacent nor-
mal tissues. Also, the expression of UBE2C is 
found to correlate with lymphatic metastasis, 
serosa invasion, TNM (Malignant Tumors) stag-
ing and Lauren’s classification (p<0.05). The 
univariate analysis shows that the overexpres-
sion of UBE2C associates with poor progno-
sis (p=0.001). The multivariate analysis demon-
strates that expression of UBE2C, lymphatic 
metastasis, and TNM staging are independent 
prognostic indicators.

CONCLUSIONS: This study shows that over-
expression of UBE2C contributes to the devel-
opment of gastric cancer, and UBE2C has the 
potential to be exploited as a therapeutic target.
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Introduction

Gastric cancer is one of the crucial prevalent 
and the most aggressive tumors worldwide, with 
approximately more than 60,000 deaths annual-
ly1. The prevalence rate of gastric cancer in East 
Asia, such as China, Japan, and South Korea rea-

ches the top, with more than 40 cases per 100,000. 
The occurrence of gastric cancer is more common 
in males than in females, and mostly affects ol-
der population. The average age of people when 
they are diagnosed is 68. Notably, East Asia area 
accounts for more than 50% of gastric cancer-re-
lated deaths worldwide2. The development and 
progression of gastric cancer are mainly due to 
the complex mechanisms of oncogenes and tu-
mor suppressors. There has been considerable 
progress in the treatment of gastric cancer over 
the years. However, the improvement in a 5-year 
survival rate of the treatment of gastric cancer is 
merely significant3. UBE2C (Ubiquitin-conjuga-
ting enzyme E2 C) is a protein, which locates at 
chromosome 20q13.12. UBE2C has eight isofor-
ms and consists of 179 amino acids with mole-
cular weight of 19625 Da4. As an essential pro-
tein involved in the regulation of cell cycle, the 
expression of UBE2C varies in different phases. 
Okamoto et al5 suggested that UBE2C protein 
is highly expressed in various cancer cell lines, 
but lowly expressed in regular cell lines. Further 
studies6,7 indicated that UBE2C overexpression 
promotes proliferation and invasion of tumors. 
Moreover, other studies7-11 have also demonstra-
ted that UBE2C overexpression correlates with 
poor prognosis in many tumors, such as pancrea-
tic cancer, breast cancer, lung cancer, skin cancer 
and thyroid cancer. The expression of UBE2C in 
gastric cancer is not yet thoroughly studied. The 
correlation with prognosis is not elucidated.

We used RT-PCR, Western blotting, and im-
munohistochemistry to assess the expression of 
UBE2C in gastric cancer tissues. Also, we in-
vestigated the correlation between UBE2C le-
vels and clinicopathological parameters, and the 
correlation between UBE2C expressions and the 
overall survival rate of patients who went through 
radical gastrectomy.
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Patients and Methods

Patients
30 gastric cancer tissues and their respective 

adjacent normal tissues (5 cm from the tumors) 
were obtained from 2016 April to 2016 May in 
Tianjin Medical University Cancer Institute and 
Hospital (Tianjin, China). Immediately after the 
collection, the tissues were cut into three to four 
pieces each (around 80 μg) and kept into sterile 
Eppendorf tubes (EP) and then stored in liquid ni-
trogen at -80°C. This study was approved by the 
Ethical Committee of Tianjin Medical University 
Cancer Institute and Hospital (Tianjin, China), 
and all patients have signed the informed consent.

Inclusion Criteria of Gastric 
Cancer Patients

1- Patients with diagnosis of primary gastric 
cancer before and after surgery; 2- patients with 
no history of other cancers; 3- patients that have 
normal liver and kidney function; 4- patients with 
no Type II diabetes mellitus, hepatitis, cirrhosis or 
myocardial infarction; 5- patients with no history 
of receiving radiotherapies, chemotherapies, endo-
crine therapies or immunotherapies prior to sur-
gery. Paraffin samples were obtained from Tianjin 
Medical University Cancer Institute and affiliated 
Hospital (Tianjin, China). The total 216 samples 
were from patients who underwent radical gas-
trectomy, and the complete clinical and follow-up 
information was still available. Meanwhile, nor-
mal tissues from the same patient were collected 
as the control. The number of male gastric cancer 
patients is 139, and female 77. The median age is 
53.6 years old (22-79). The histological grading 
and TNM (Malignant Tumors) staging (The TNM 
Classification of Malignant Tumors) of the gastric 
cancers were done according to AJCC (American 
Joint Committee on Cancer) (2010 7th edition).

Follow-up Visits
All the follow-up visits were stick to the NCCN 

(The National Comprehensive Cancer Network) 
guidelines of gastric cancer. The frequency of 
follow-up visits was one visit every three months 
within the first two years after surgery; every 6 
months from year 3 to year 5. Approval was ob-
tained from Institutional Review Boards (Tian-
jing, China).

Total RNA Extraction and RT-PCR 
The frozen gastric cancer tissue samples and 

adjacent normal tissues were first homogenized 

by grinding and then added with TRIzol reagent 
(Thermo Fisher Scientific, Waltham, MA, USA) 
for washing. Subsequently, they were homog-
enized in liquid nitrogen; 1 mL of TRIzol was 
added (Thermo Fisher Scientific, Waltham, MA, 
USA), and total RNA was extracted. RNA was 
then converted to cDNA using PCR (Polymerase 
Chain Reaction). The reaction system for RT-PCR 
was Real-time PCR. Master mix 12.5 μL (Ther-
mo Fisher Scientific, Waltham, MA, USA), for-
ward primers 0.5 μL (Abcam, Cambridge, MA, 
USA), reverse primers 0.5 μL (Abcam, Cam-
bridge, MA, USA), cDNA 2 μL (Abcam, Cam-
bridge, MA, USA), and water were added till the 
total volume was 20 μL. UBE2C (ubiquitin-con-
jugating enzyme E2 C) forward primers (Abcam, 
Cambridge, MA, USA): 5’-CTGCCGAGCTCT-
GGAAAAAC-3’, UBE2C Reverse primers (Ab-
cam, Cambridge, MA, USA), 5’-AGGAAAAAT-
TAAAAAGACGACACAAG-3’. β-actin Forward 
primers (Abcam, Cambridge, MA, USA): 
5’GAGCTACGAGCTGCCTGACG3’, β-actin 
Reverse primers (Abcam, Cambridge, MA, USA) 
5’CCTAGAAGCATTTGCGGTGG3’. RT-PCR 
steps: 95°C 5 min, 95°C 30 s, 72°C 1 min, 40 
cycles. Melting curve was obtained after ampli-
fication. All the experiments were repeated three 
times and the relative expression of genes was 
calculated using 2-∆∆CT.

Western Blotting
Tissues were homogenized, and protein lysis 

buffer was added and incubated for 30 min. After 
protein quantification using BCA (bicinchoninic 
acid) (Abcam, Cambridge, MA, USA), 30 μg of 
protein were loaded and subjected to SDS-PAGE 
(sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis) electrophoresis. Primary antibodies 
against UBE2C and β-actin were diluted at ratio 
of 1:1000, respectively, and incubated overnight at 
4°C. Secondary antibodies were diluted at a ratio 
of 1:1500 and incubated for 1 h at room tempera-
ture. Blots were then developed and analyzed.

Immunohistochemistry Analysis
Briefly, the sections were deparaffinized, en-

dogenous peroxidase activity was quenched with 
hydrogen peroxide, and antigen retrieval was 
carried out using heating. Immunohistochemical 
staining was carried out according to manufactur-
ers protocol (SP immunohistochemical staining 
kit) (Sigma Aldrich, St. Louis, MO, USA). Prima-
ry antibody was diluted at a ratio of 1:100. The 
sections were visualized using diaminobenzidine 
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(DAB) (Sigma Aldrich, St. Louis, MO, USA) and 
counterstained using hematoxylin. Known posi-
tive staining and PBS (phosphate-buffered saline) 
was utilized as the negative control. The positive 
result was defined as positive staining of UBE2C 
in the cytoplasm. Firstly, staining percentage 
score was defined as follows: 0 (≤ 5%), 1 (6-25%), 
2 (26-50%), 3 (51-75%), 4 (≥ 76%). Secondly, stain-
ing intensity score was determined by the color of 
the staining, such as light yellow, brown yellow 
or brown. The scoring is evaluated as follows: 
(1) 0 (no yellow color), 1 (light yellow), 2 (brown 
yellow), 3 (brown). (2) The staining percentage is 
also classified into four classes based on 5 fields: 
0 (no positive cells), 1 (< 25% positive cells), 2 
(25-50%), 3 (≥ 51%). The final score is generated 
by multiplying the staining intensity score by the 
relevant staining percentage. 0 is negative, 1-2 is 
weak, 3-6 is moderate, 7-9 is strong. Overall, the 
final score ≤ 2 is defined as negative, and > 2 is 
defined as positive.

Statistical Analysis
We used SPSS13.0 (SPSS Inc., Chicago, IL, 

USA) for statistical analysis. The t-test was ap-
plied to compare between groups, and x2-test was 
performed to test the correlation between UBE2C 
expression and clinicopathological parameters. 

Kaplan-Meier was exploited for survival analy-
sis. For comparisons between groups, we setup 
a stratified log-rank test for analysis. Cox regres-
sion model performed a univariate and multivar-
iate analysis. p<0.05 is considered as statistically 
significant.

Results

mRNA Expression of UBE2C 
RT-PCR analysis shows that the average ∆CT 

value in the 30 gastric cancer tissue samples is 
30.72±3.5, and the normal adjacent 32.64±1.2. 
The relative mRNA expression of UBE2C is 
shown in Figure 1.

Protein Expression of UBE2C
The Western blotting result shows that the mo-

lecular weight of the UBE2C protein is around 
19kDa. The protein expression of UBE2C in gas-
tric cancer is high, while it is low in normal tis-
sues. Among the 30 tumor samples, 21 samples 
had UBW2C up-regulation in the mucosa (pos-
itive rate: 70%), as shown in Figure 2. Among 
the 10 TNMI/II samples, 5 samples are UBE2C 
positive (there are 8 TNMI samples, 3 of them 
show weak positivity of UBE2C and 5 of them 
are negative; 2 TNMII samples are UBE2C pos-
itive). 17 samples (85%) out of the 20 TNMIII/
IV are UBE2C positive. Compared to the adjacent 
normal tissues, gastric cancer samples have a sig-
nificantly higher expression of UBE2C (p<0.01) 
(Figures 3 and 4).

Figure 1. Relative mRNA expression of UBE2C in gastric 
cancer tissues and adjacent normal tissues.

Figure 2. Protein expression of UBE2C in gastric cancer 
samples and adjacent normal tissues (T is gastric cancer tis-
sue, and N is adjacent normal tissue).

Figure 3. Expression of UBE2C protein in gastric cancer 
tissues and adjacent normal tissues was determined by West-
ern blotting. Relative expression of UBE2C protein in gastric 
cancer tissues and adjacent normal tissues was plotted and 
differences were analyzed with a paired samples test (p<0.01).
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UBE2C Expression in Gastric Cancer 
Tissues Assessed by Immunohistochemistry

UBE2C proteins are expressed in the cyto-
plasm of tumor cells. Very few of the UBE2C 
proteins are localized at the nuclear membrane 
with brown or dark brown color. The positivity 
rate of UBE2C protein in gastric cancers is 67.6% 
(146/216). In the corresponding adjacent normal 
tissues, there is no expression of UBE2C protein 
or very low expression, and the positivity rate is 
19.4% (42/216) (Figure 4). There is a significant 

difference between these two groups (χ2 = 6.370, 
p<0.05) (Table I). 

Correlation Between UBE2C Expression 
and Pathological Parameters

The correlation between UBE2C expression 
and pathological parameters in the 216 gastric 
cancer patients is demonstrated in Table II. There 
is no significant correlation between UBE2C level 
and age, gender, differentiation or the localization 
of the tumors. However, there is significant cor-

Table I. Expression of UBE2C in gastric cancer and adjacent normal tissues.

                                 UBE2C    

 N Positive Negative χ2 p-value

Gastric cancer 216 146 70 6.370 p<0.05
Adjacent normal 216 42 174 

*Correlation is significant at the 0.05 level.

Figure 4. (A) Positive expression of UBE2C protein in gastric cancer tissues (diffuse type). (B) Negative expression of 
UBE2C protein in gastric cancer tissues (diffuse type). (C) Negative expression of UBE2C protein in gastric cancer tissues 
(intestinal type). (D) Positive expression of UBE2C protein in gastric cancer tissues (intestinal type) (200X).

A B

C D
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five-year survival rate is 37.1% (26/70) in the UBE2C 
negative group, and 19.8% in UBE2C positive group 
(Figure 5). There is a significant difference between 
these two groups (χ2=6.37, p<0.05). The medium 
survival time is 46.8 months (1-89 months), and 
in UBE2C positive and negative groups are 30.25 
months and 50.0 months, respectively. Kaplan-Mei-
er analysis shows UBE2C protein expression is cor-
related with poor prognosis.

relation with lymphatic metastasis, invasion of 
serosa, TNM staging and Lauren’s classification 
(p<0.05), (Table III).

Correlation Between UBE2C Expression 
and Prognosis

The 216 gastric cancer patients were divided into 
UBE2C positive group and UBE2C negative group, 
and the five-year survival rate is 25.5% (55/216). The 

Table II. Correlation between UBE2C expression and pathological parameters.

                               UBE2C Expression  
  N
Clinical parameters  Positive (%) Negative (%) χ2 p-value 

Age 216 146 (67.6) 70 (32.4)  
 < 60 107 67 (62.6) 40 (37.4) 2.397 0.578
 ≥ 60 109 79 (72.5) 30 (27.5)  
Gender     
 Male 139 82 (59.0) 57 (41.0) 0.069 0.165
 Female 77 44 (57.1) 33 (42.9)  
Tumor size (cm)     
  ≤ 5 122 78 (63.9) 44 (36.1) 1.713 0.165
 ≥5 94 68 (72.3) 26 (27.7)  
Differentiation     
 High, medium, low or none 118 84 (71.2) 34 (29.8) 1.534 0.089
   98 62 (63.3) 36 (36.7)  
Lymphatic metastasis     
 Negative 81 45 (55.6) 36 (44.4) 8.572 0.015
 Positive 135 101 (74.8) 34 (24.6)  
Tumor localization     
 Cardiac 39 25 (64.1) 14 (35.9) 0.290 0.307
 Body 48 32 (66.7) 16 (33.3)  
 Antrum 129 89 (69.0) 40 (31.0)  
Lauren’s classification     
 Intestinal 115 83 (72.1) 32 (27.9 2.357 0.043
 Diffuse 101 63 (62.4) 38 (37.6)  
 Invasion of serosa     
 No 94 55 (58.5) 39 (41.6) 6.27 0.011
 Yes 122 91 (74.6) 31 (25.4)  
TNM staging     
 I-II  74 43 (58.1) 31 (41.9) 4.623 0.032
 III-IV 142 103 (72.5) 39 (27.5)

Table III. Univariate and Multivariate analysis of factors that affect the survival rate in gastric cancer patients.

 Univariate analysis      Multivariate analysis

Clinical parameters Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value 
 
Age 0.636 (0.359-1.128) 0.968 0.781 (0.401-1.219) 0.887
Gender 1.079 (0.611-1.903) 0.597 1.102 (0.707-2.113) 0.468
Differentiation 1.434 (0.810-2.537) 0.571 1.483 (0.719-2.640) 0.682
Lauren’s classification 1.564 (0.884-2.768) 0.114 1.591 (0.787-2.864) 0.229
Tumor diameter 0.678 (0.379-1.213) 0.149 0.632 (0.347-1.290) 0.154
Lymphatic metastasis 0.421(0.235-0.751) 0.013 0.419 (0.219-0.767) 0.026
TNM staging 0.525 (0.292-0.945) 0.003 0.536 (0.241-0.909) 0.011
Tumor location 1.826 (0.204-16.341) 0.092 1.839 (0.227-17.000) 0.134
UBE2C expression 8.641 (5.684-13.136) 0.001 8.345 (5.351-12.944) 0.007
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Discussion

Over the years, though there has been a con-
siderable advancement in the diagnosis and treat-
ment of gastric cancers, the prognosis is still a 
challenging issue. The early symptoms of gastric 
cancer are not visible, and therefore, it is likely to 
be undiagnosed and untreated. It is of vital im-
portance to find new biomarkers to facilitate the 
diagnosis, relapse evaluation, and personalized 
chemotherapy. UBE2C is also called dJ447F3.2, 
and it has been shown to be overexpressed in 
various cancers. Also, up-regulation of UBE2C 
can induce tumor cell proliferation, invasion, and 
metastasis12-14. Yang et al15 showed that UBE2C 
is up-regulated in many cancer cell lines, and 
knockdown of UBE2C could decrease the prolif-
eration of gastric cancer cells. In this work, we 
investigated the correlation between UBE2C ex-
pression and clinicopathological characteristics, 
including a 5-year survival rate.

Firstly, we used methodologies such as RT-PCR 
and Western blotting to assess the mRNA and 
protein expression of UBE2C in 30 tumor sam-
ples and adjacent normal tissues. Compared to 
the adjacent normal tissues, gastric cancer tissues 
have higher mRNA and protein levels compare to 
UBE2C. Western blotting results showed that the 
positive rate of UBE2C in the 30 samples is as 
much as 70% (21/30). Furthermore, the pattern of 
mRNA and protein expression is similar to their 
matching samples. The data indicate that UBE2C 
can function as an oncogene in gastric cancers, 
and play essential roles during tumor growth16-18.

Also, immunohistochemistry also showed 
identical results of high expression of UBE2C in 

gastric cancer tissues. The UBE2C expression is 
correlated with the invasion of serosa, lymphatic 
metastasis, TNM staging and Lauren’s classifi-
cation, which implies that UBE2C affects the in-
vasion, metastasis and tumor development. Lou-
souarn et al19 suggested that UBE2C promotes 
lymphatic metastasis in breast cancer patients 
with positive lymph node. In thyroid cancer[20], 
UBE2C is also a critical factor that drives the ma-
lignancy of tumors.

Kaplan-Meier analysis shows that the overex-
pression of UBE2C is correlated with poor progno-
sis in gastric cancer patients. The finding indicates 
that gastric cancer patients with high expression of 
UBE2C are likely to have a poor prognosis; there-
fore, they need more systematic post-surgery treat-
ment. Univariate and Multivariate COX analysis 
show that UBE2C expression is an independent 
prognostic marker, suggesting that UBE2C could 
be a potential therapeutic target.

Conclusions

We demonstrate the correlation between UBE2C 
expression and Lauren’s classification, invasion of 
serosa, lymphatic metastasis, and TNM staging. 
UBE2C high expression indicates shorter survival 
time and poor prognosis. The study in colon cancer 
showed that inhibition of UBE2C could increase 
the sensitivity to chemotherapies, including using 
small molecules that inhibit UBE2C. However, the 
molecular mechanisms behind the regulation of 
gastric cancer by UBE2C are still unclear, and this 
is what we aim to investigate in the future. Addi-
tionally, we will explore the potential of utilizing 
UBE2C as a therapeutic target.
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