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Abstract: It has been suggested that ubiquitin-conjugating enzyme E2C (UBE2C, also known as UBCH10) represents 
a promising cancer biomarker. However, the clinicopathological or prognostic significance as well as the functions of 
UBE2C in bladder cancer are largely unknown. To investigate the significance of UBE2C expression in bladder can-
cer, immunohistochemical analysis was performed using a tissue microarray. UBE2C positivity was observed in 51 
of 82 (62%) bladder urothelial carcinoma cases treated with radical cystectomy. In contrast, UBE2C was negative in 
all of the non-neoplastic urothelium examined. UBE2C positivity was significantly associated with higher tumor stage 
(p=0.0061) and presence of lymphovascular invasion (p=0.0045). In addition, UBE2C positivity was significantly as-
sociated with shorter cancer-specific survival after cystectomy (log rank p=0.0017; multivariate hazard ratio, 2.49; 
95% confidence interval, 1.09-5.71). Small interfering RNA-mediated suppression of UBE2C in UM-UC-3 bladder 
cancer cells inhibited cell proliferation in vitro. Taken together, our results suggest that UBE2C is a novel prognostic 
biomarker as well as a potential therapeutic target in bladder cancer.
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Introduction

Bladder cancer is the second most common 
cancer in the genitourinary system [1]. Despite 
considerable progress in its treatment, the 
prognosis of patients with locally advanced or 
muscle-invasive bladder cancer remains poor 
[2]. Although many molecular markers have 
been studied for their potential use in assess-
ing the prognosis of bladder cancer, few molec-
ular biomarkers have been repeatedly shown to 
predict outcome, especially for muscle-invasive 
bladder cancer treated with radical cystectomy 
[3-7]. Molecular biomarkers that are predictive 
of outcomes would help clinicians provide indi-
vidualized prognostications and allow risk-
stratified clinical decision making regarding 
adjuvant therapy [4, 8, 9].

Ubiquitin-conjugating enzyme E2C (UBE2C, 
also known as UBCH10), one of the compo-
nents of the ubiquitin/proteasome pathway, 
plays a pivotal role in the regulation of mitotic 
progression [10-13]. UBE2C is required for the 
destruction of mitotic cyclins, thereby assisting 

in the regulation of cell cycle progression 
through the M phase. Overexpression of UBE2C 
at the mRNA level has been reported in a num-
ber of cancer cell lines and primary tumors, 
whereas only low levels have been found in nor-
mal tissues [14]. In addition, it has been shown 
that overexpression of UBE2C is associated 
with worse patient outcomes in a number of 
cancers [15-21]. Consequently, it has been pro-
posed that UBE2C represents a promising can-
cer biomarker [13]. Nonetheless, little is known 
about UBE2C expression in bladder cancer. 
Whereas a recent study has shown that high 
expression of UBE2C is associated with shorter 
progression-free survival in superficial bladder 
cancer patients who were treated with trans-
urethral resection [22], no study has examined 
the clinicopathological or prognostic signifi-
cance of UBE2C in bladder cancer treated with 
radical cystectomy. Furthermore, functions of 
UBE2C in bladder cancer cells are largely 
unknown.

We therefore examined the clinicopathological 
and prognostic associations of UBE2C expres-
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sion in bladder cancer patients who underwent 
radical cystectomy. In addition, the effects of 
UBE2C knockdown in bladder cancer cells were 
evaluated to determine if UBE2C inhibition may 
be a potential therapeutic strategy for bladder 
cancer.

Materials and methods

Study population

Eighty-two consecutive bladder urothelial carci-
noma (UC) patients who were treated with radi-
cal cystectomy at the University of Tokyo 
Hospital from 1990 to 2005 were included in 
this study. All pT0 (no remaining cancer in cys-
tectomy specimen) cases were excluded. All 
research protocols in the present study were 
approved by our institutional review board.

Histopathological evaluation

Hematoxylin and eosin-stained sections of all 
cases were examined by a pathologist (T.M.) 
unaware of clinical outcome data. Tumor histol-
ogy and grade were defined by the World Health 
Organization/International Society of Urologic 
Pathology consensus classification [23, 24]. All 
the tumors in this study were high-grade 
tumors. Staging of the tumors was performed 
according to the TNM classification [23]. 
Lymphovascular invasion was examined by 
hematoxylin and eosin staining and Elastica 
van Gieson staining.

Immunohistochemical analysis

A tissue microarray was constructed as previ-
ously described [25]. Briefly, two pieces of 
2-mm tissue cores were selected from repre-
sentative tumor areas and transferred to each 
tissue microarray block. Preparations of sec-
tions, antigen retrieval and immunostaining 
were carried out essentially as described previ-
ously [26]. A mouse monoclonal antibody 
against UBE2C (clone 9D3; 1:100 dilution; 
Abnova, Taipei, Taiwan) was applied, and slides 
were incubated for 16 h at 4°C. Visualization 
was achieved using EnVision™+/HRP, Mouse 
(Dako, Carpinteria, CA, USA), diaminobenzidine 
(Dako) and hematoxylin counterstain. Human 
placenta was used as a positive control. For a 
negative control, the primary antibody was 
omitted. Immunoreactivity was evaluated by a 
pathologist (H.A.) blinded to other data. UBE2C 

is localized in both the nucleus and the cyto-
plasm [13]. Staining in either the nucleus or the 
cytoplasm was scored as absent, weak, moder-
ate, or strong. Absent or weak staining was cat-
egorized as negative, while moderate or strong 
staining was categorized as positive for subse-
quent analyses.

Cell line and small interfering RNA

A bladder cancer cell line UM-UC-3 was main-
tained in minimum essential medium (Sigma 
Aldrich, St. Louis, MO, USA) supplemented with 
10% fetal calf serum (MP Biomedicals, Costa 
Mesa, CA, USA), at 37°C in a 5% CO2 incubator. 
Transfection of cells with small interfering RNAs 
(siRNAs) targeting UBE2C was performed using 
HiPerFect (Qiagen, Düsseldorf, Germany) at a 
final siRNA concentration of 20 nmol/L, accord-
ing to the manufacturer’s instructions. The tar-
get sequences for siRNAs were as follows: 
5’-GAAGTACCTGCAAGAAACCTACTCA-3’ for UB- 
E2C_#1, and 5’-ACAGCAGGAGCTGATGACCC- 
TCATG-3’ for UBE2C_#2. siRNAs targeting 
UBE2C and a negative control siRNA (StealthTM 
RNAi Negative Control Medium GC Duplex; cat-
alog #12935-300) were purchased from 
Invitrogen (Carlsbad, CA, USA).

Western blot analysis 

Western blot analysis was performed as 
described previously [26]. Anti-UBE2C antibody 
(1:500 dilution) or goat polyclonal anti-b-actin 
antibody (0.2 µg/mL; Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) were used as primary 
antibodies.

Cell viability assay

Cells were seeded at 4×103 cells per well in 
96-well plates and cultured for 72 h. Cell viabil-
ity was determined using a Cell Counting Kit-8 
(Dojindo Molecular Technologies, Kumamoto, 
Japan) according to the manufacturer’s instruc-
tions. Experiments were conducted in triplicate 
and the results were averaged. At least three 
independent experiments were performed for 
each condition, and similar results were 
obtained.

Statistical analysis

All statistical analyses were performed using 
SAS software (Version 9.3, SAS Institute, Cary, 
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NC, USA). All p values were two-sided. 
Differences were considered significant at 
p<0.05. For categorical data, the chi-square 
test was performed. Kaplan-Meier method and 
log-rank test were used for survival analysis. To 
control for confounding, multivariate Cox pro-
portional hazards regression models was used. 
Student’s t-test was used to test differences in 
cell viability assays.

Results

UBE2C status in bladder cancer and normal 
urothelium

Among the 82 bladder UC cases treated with 
radical cystectomy, 51 cases (62%) showed 
UBE2C positivity (Figure 1). In contrast, UBE2C 
was negative in all of the 14 non-neoplastic 
urothelium examined (Figure 1). UBE2C positiv-
ity was also observed in eight of the 13 specim- 
ens of lymph node metastasis of UC (Figure 1).

The relationship between UBE2C positivity and 
clinicopathological features in bladder UC 
patients who underwent radical cystectomy is 
summarized in Table 1. UBE2C positivity was 
significantly associated with higher tumor stage 
(p=0.0061) and presence of lymphovascular 
invasion (p=0.0045). There was no significant 
association between UBE2C positivity and the 
other parameters including gender, age and 
lymph node metastasis.

UBE2C positivity and survival after radical 
cystectomy

Among the 82 bladder UC patients who under-
went radical cystectomy, there were 39 cancer-
specific deaths during a median follow-up of 68 
months (interquartile range, 54-106 months) 
for censored cases. In Kaplan-Meier analysis, 
UBE2C positivity was significantly associated 
with shorter cancer-specific survival (log rank 
p=0.0017) (Figure 2A). UBE2C positivity was 

Figure 1. UBE2C expression in non-neoplastic bladder mucosa and bladder urothelial carcinoma (UC). A: Normal 
bladder mucosa is negative for UBE2C. Arrow indicates UBE2C-positive inflammatory cell. B: High-grade invasive UC 
with weak nuclear UBE2C staining. Weak staining was categorized as negative in this study. C: UBE2C-positive high-
grade invasive UC. D: UBE2C-positive lymph node metastasis of UC.  A-D: Magnification, ×400.
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also significantly associated with shorter can-
cer-specific survival in univariate and multivari-
ate Cox models (Table 2). Univariate and multi-
variate hazard ratios (HRs) for UBE2C positivity 
were 3.29 [95% confidence interval (CI), 1.50-
7.22] and 2.49 (95% CI, 1.09-5.71), respec- 
tively.

We also examined the prognostic significance 
of UBE2C in muscle-invasive bladder UC 
patients. UBE2C positivity was significantly 
associated with shorter cancer-specific survival 
in Kaplan-Meier analysis (Figure 2B) and in uni-
variate and multivariate Cox models (Table 2). 
Univariate and multivariate HRs for UBE2C pos-
itivity in muscle-invasive bladder UC patients 
were 4.69 [95% CI, 1.43-15.4] and 5.32 (95% 
CI, 1.59-17.8), respectively. Older age was also 
significantly associated with shorter cancer-
specific survival in multivariate model, consis-
tent with prior reports [27, 28].

Suppression of UBE2C inhibits bladder cancer 
cell growth

To examine the role of UBE2C in bladder can-
cer, UM-UC-3 cells were transfected with 
UBE2C siRNAs and cell growth was evaluated. 

plastic urothelium examined was negative for 
UBE2C. UBE2C positivity was independently 
associated with shorter cancer-specific survival 
after radical cystectomy. Moreover, suppres-
sion of UBE2C synthesis, using siRNA, inhibited 
the growth of UM-UC-3 bladder cancer cells. 
Our results suggest that UBE2C plays a critical 
role in the progression of bladder cancer, and 
that UBE2C positivity may define a bladder can-
cer phenotype with more aggressive biological 
behavior.

It has recently been shown that UBE2C expres-
sion is associated with a poorer prognosis in 
breast [17, 20], lung [18, 21], colon [19], ovari-
an [16] and hepatocellular carcinomas [15]. A 
recent study by Fristrup et al. has also shown 
that high expression of UBE2C is associated 
with shorter progression-free survival in super-
ficial bladder cancer patients who were treated 
with transurethral resection [22], consistent 
with our results. We report the clinicopathologi-
cal and prognostic significance of UBE2C 
expression in bladder cancer treated with radi-
cal cystectomy for the first time. We have found 
that UBE2C positivity was significantly associ-
ated with higher tumor stage, presence of lym-
phovascular invasion, and increased mortality. 

Table 1. Correlation between UBE2C positivity and clinicopathological 
features in bladder urothelial carcinoma patients who underwent radi-
cal cystectomy (N=82)

UBE2C
Clinicopathological feature Total N negative positive p value
All cases 82 31 (38%) 51 (62%)
Gender 0.86
  Male 68 26 (38%) 42 (62%)
  Female 14 5 (36%) 9 (64%)
Age 0.25
  ≤64 41 18 (44%) 23 (56%)
  ≥65 41 13 (32%) 28 (68%)
Tumor stage 0.0061a

  pTis/pT1 25 15 (60%) 10 (40%)
  pT2 22 6 (27%) 16 (73%)
  pT3-pT4 35 10 (29%) 25 (71%)
Lymph node metastasis 0.92
  Absent 63 24 (38%) 39 (62%)
  Present 19 7 (37%) 12 (63%)
Lymphovascular invasion 0.0045
  Absent 34 19 (56%) 15 (44%)
  Present 48 12 (25%) 36 (75%)
a, pTis/pT1 vs. pT2-pT4.

Western blot analysis 
(Figure 3A) demonstrated 
an efficient knockdown of 
UBE2C protein levels at 48 
h after transfection, concur- 
rently demonstrating the 
specificity of the antibody 
against UBE2C used in this 
study. Analysis of cell 
growth in the presence or 
absence of the UBE2C siR-
NAs revealed that blocking 
UBE2C protein synthesis 
significantly inhibited UM- 
UC-3 cell growth (Figure 
3B).

Discussion

Here, we report our find-
ings on UBE2C expression 
in bladder cancer treated 
with radical cystectomy. 
We found that invasive 
bladder cancers were fre-
quently positive for UBE2C, 
whereas all of the non-neo-
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Multivariate analysis revealed that UBE2C posi-
tivity was an independent prognostic factor. A 
subset analysis also revealed that UBE2C was 
an independent indicator of poorer prognosis in 
muscle-invasive bladder UC patients, for whom 
biomarkers that are predictive of outcomes are 
required. Our data, together with the recent 
study by Fristrup et al. [22], suggest that UBE2C 
may be a promising biomarker to predict clini-
cal outcome in bladder cancer.

Experimental data generally support a tumor-
promoting role for UBE2C [14-16, 19, 29-32]. 

Okamoto and co-workers showed that UBE2C 
overexpression in NIH 3T3 cells accelerated 
cell growth, increased the efficiency of colony 
formation, and promoted anchorage-indepen-
dent growth in soft agar [14]. van Ree and co-
workers found that transgenic mice overex-
pressing UBE2C developed a wide variety of 
spontaneous tumors, including lung adenocar-
cinomas, hepatic adenocarcinomas and lym-
phomas [33]. In thyroid [34], esophageal [29], 
hepatocellular [15], ovarian [16], breast [30] 
and colon [19] cancer cell lines in vitro, siRNA-
mediated knockdown of UBE2C reduces cell 

Figure 2. Kaplan-Meier curves for cancer-specific survival after radical cystectomy according to UBE2C status in blad-
der urothelial carcinoma. A: All cases (N=82). B: Cases with muscle-invasive bladder urothelial carcinoma (N=57).

Table 2. UBE2C positivity in bladder urothelial carcinoma and patient mortality after radical cystectomy

Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

All cases (N=82)
  UBE2C (positive vs. negative) 3.29 (1.50-7.22) 0.003 2.49 (1.09-5.71) 0.031
  Gender (female vs. male) 1.73 (0.78-3.83) 0.18 1.33 (0.58-3.04) 0.50
  Age (≥65 vs. ≤64) 1.68 (0.89-3.17) 0.11 1.80 (0.93-3.47) 0.081
  Tumor stage (pT2-pT4 vs. pTis/pT1) 4.52 (1.87-10.9) 0.0008 2.16 (0.83-5.66) 0.12
  Lymph node metastasis (present vs. absent) 4.02 (2.00-8.08) <0.0001 2.50 (1.13-5.53) 0.024
  Lymphovascular invasion (present vs. absent) 3.99 (1.84-8.65) 0.0004 1.74 (0.70-4.33) 0.23
≥pT2 cases (N=57)
  UBE2C (positive vs. negative) 4.69 (1.43-15.4) 0.011 5.32 (1.59-17.8) 0.0067
  Gender (female vs. male) 1.27 (0.55-2.95) 0.58 1.04 (0.42-2.57) 0.94
  Age (≥65 vs. ≤64) 1.60 (0.79-3.24) 0.20 2.18 (1.03-4.60) 0.041
  Tumor stage (pT3/pT4 vs. pT2) 1.60 (0.76-3.38) 0.22 1.46 (0.65-3.27) 0.36
  Lymph node metastasis (present vs. absent) 2.13 (1.04-4.34) 0.038 1.96 (0.88-4.39) 0.10
  Lymphovascular invasion (present vs. absent) 2.56 (0.98-6.67) 0.056 1.69 (0.59-4.87) 0.33
CI, confidence interval; HR, hazard ratio.
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proliferation. It has also been shown that deple-
tion of UBE2C suppresses anchorage-indepen-
dent growth of breast cancer cells [30]. Wagner 
and co-workers showed that selective silencing 
of UBE2C by siRNA, in combination with TRAIL/
DR5 agonistic antibodies, led to increased cell 
death in neoplastic but not nonmalignant 
human cells [31]. In the present study, we have 
shown that siRNA-mediated knockdown of 
UBE2C inhibited the growth of UM-UC-3 blad-
der cancer cells, suggesting that targeting 
UBE2C is a potential therapeutic strategy for 
bladder cancer. 

Recent studies suggest that UBE2C may be 
involved in resistance to radiation [32] and che-
motherapy [21]. Bose and co-workers demon-
strated that repression of UBE2C by dominant 
negative-UBE2C sensitized cervical cancer 
cells to radiation [32]. Zhao and co-workers 
showed that suppression of UBE2C by siRNA 
increased chemosensitivity to gemcitabine or 
paclitaxel in SK-MES-1 lung cancer cells [21]. 
Considering that both radiation and gem-
citabine chemotherapy are standard therapies 
for locally advanced or metastatic bladder can-
cer [2], future studies are warranted to examine 
the roles of UBE2C in resistance to those thera-
pies in bladder cancer.

In summary, UBE2C positivity is independently 
associated with shorter cancer-specific survival 

in bladder UC patients who underwent radical 
cystectomy. In addition, UBE2C plays an impor-
tant role in proliferation of bladder cancer cells. 
Although further studies are needed to validate 
our findings, our data suggest that UBE2C is a 
novel prognostic biomarker as well as a poten-
tial therapeutic target in bladder cancer.
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