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High expression of UBE2C is associated with the aggressive
progression and poor outcome of malignant glioma
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Abstract. Ubiquitin-conjugating enzyme E2C (UBE2C) is
a key regulator of cell cycle progression and is involved in
the tumorigenesis of a variety of cancers. Previous studies
have demonstrated that UBE2C is an important factor in the
malignant progression of astrocytic tumors. However, the
association between UBE2C expression and clinical prognosis
of glioma patients has not been defined. In the present study,
the expression of UBE2C in gliomas and non-cancerous brain
tissues were detected by microarray and immunohistochem-
ical analysis. The association between UBE2C expression
and clinicopathological characteristics of the glioma patients
was evaluated. The Kaplan-Meier method and multivariate
Cox's proportional hazards model were used to analyze
the survival time of the patients. The results demonstrated
that the expression levels of UBE2C in anaplastic gliomas
and glioblastoma (GBM) patients were significantly higher
compared to low-grade gliomas, in microarray and immu-
nohistochemistry analysis. A higher UBE2C expression was
associated with a significantly decreased overall survival time
in patients possessing anaplastic gliomas (P<0.01) and GBMs
(P<0.05). Multivariate analysis of 80 GBM patients revealed
that UBE2C expression was an independent prognostic factor.
To the best of our knowledge, the present data suggest for the
first time that UBE2C overexpression is strongly associated
with an aggressive progression and poor outcome of malignant
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glioma. Therefore, UBE2C overexpression may be used as a
predictor of poor prognosis in patients with malignant glioma.

Introduction

The most common primary tumor of the central nervous
system in adults is glioma, which demonstrates a variety of
histological tumor types and World Health Organization
(WHO) malignancy grades (1,2). Usually, the treatment
strategy for glioma consists of surgery combined with radia-
tion therapy and chemotherapy; however, the prognosis for
patients with malignant glioma remains poor (3). In general, a
therapeutic strategy is decided according to histopathological
results of the tumors (4). The initiation and progression of
glioma is generally hypothesized to involve the accumulation
of multiple genetic alterations; therefore, the development
of novel molecular markers is required to improve glioma
classification, the prediction of the prognosis of patients and
targeted therapeutic treatment strategies (5).

Ubiquitin-conjugating (E2) enzymes are members of
a family of structurally-associated proteins that mediate
ubiquitin-dependent proteolysis, including diverse cellular
processes, such as cell cycle progression, signal transduction
and differentiation (6,7). Ubiquitin-conjugating enzyme E2C
(UBE2C) belongs to the E2 family, and is involved in mitotic
cyclin destruction and cell cycle progression (8). UBE2C has
been implicated in the carcinogenesis of certain tumors (9,10),
and is overexpressed in various human cancers, including breast,
esophageal, colon, lung, liver and ovarian cancers (11-16).

In previous studies, the upregulation of UBE2C in brain
tumors has been reported (17,18). In addition, the expression
levels of UBE2C were elevated in high-grade astrocytomas,
but not low-grade astrocytomas (18). However, to the best of
our knowledge, the prognostic significance of the expression of
UBE2C in glioma has not been elucidated. The present study
used a large cohort of glioma patients and aimed to perform
an analysis of UBE2C expression in glioma tumors and to
investigate the association of glioma with clinicopathological
variables and the prognosis of patients.

Materials and methods

Patients and tissue samples. The present study was approved
by the Ethics Committee of Beijing Tiantan Hospital (Beijing,
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Figure 1. The expression levels of ubiquitin-conjugating enzyme E2C in grade II-IV glioma and non-cancerous brain tissues. NB, non-cancerous brain

tissue.

China). Written informed consent was obtained from all
patients. Tissue samples were obtained from patients during
surgery at Beijing Tiantan Hospital between January 2006 and
December 2009. In total, 220 adult patients diagnosed with
glioma were enrolled in the present study. The glioma tumor
grade of patients was diagnosed histologically according to the
2007 WHO classification (2), as follows: 97 patients possessed
grade II disease; 34 patients possessed grade III disease; and
89 patients possessed grade I'V disease. Control non-cancerous
brain tissue specimens were obtained from 5 patients with
craniocerebral injuries.

All patients had undergone prior surgical resection,
followed by adjuvant radiation and alkylating agent-based
chemotherapy. Post-operative follow-up data was gathered for
all patients, and the clinical characteristics and pathological
findings, including the age at diagnosis, gender, extent of
resection, isocitrate dehydrogenase-1 (IDH1) mutation status
and temozolomide (TMZ) chemotherapy, were obtained.

RNA extraction and gene expression profiling. Total RNA
was extracted from frozen tumor tissues using the Ambion
mirVana™ miRNA Isolation kit (Thermo Fisher Scientific,
Inc., Waltham, MA, USA), according to the manufacturer's
protocol. RNA concentration and quality were measured
using the NanoDrop ND-1000 spectrophotometer (Thermo
Fisher Scientific, Inc., Wilmington, DE, USA), and its integ-
rity was determined using the Agilent Bioanalyzer 2100
(Agilent Technologies, Inc., Santa Clara, CA, USA). Gene
expression analysis was performed using Agilent Gene
Expression oligo microarrays (Agilent Technologies, Inc.)
containing >41,000 probe sets for ~27,958 human genes using
the Agilent One-Color Microarray-Based Gene Expression
Analysis (catalog no., G4140-90040; Agilent Technologies,
Inc.), according to the manufacturer's protocol. Average
values of the replicate spots for each gene were background
subtracted, normalized, log,-transformed and subjected to
additional analysis.

Immunohistochemistry analysis. Formalin-fixed,
paraffin-embedded (FFPE), 5 pm-thick tissue sections were used
for immunohistochemical analysis, which was performed using
a streptavidin-biotin immunoperoxidase assay, as previously
described (19). Immunohistochemical staining was performed
using anti-human mouse monoclonal anti-UBE2C antibody
(catalog no., ab201979; dilution, 1:100; Abcam, Cambridge,
MA, USA). Staining for UBE2C in the nucleus or the cytoplasm
was scored as absent, weak, moderate or strong. Absent or
weak staining was categorized as negative, while moderate or
strong staining was categorized as positive. Controls consisted
of tissues without primary antibody and non-cancerous control
tissues, and were included in all experiments to ensure the
quality of staining. In total, 2 pathologists performed immuno-
histochemistry scoring independently and blindly.

Statistical analysis. Statistical analyses were performed using
a > test or Fisher's exact test with 2x2 tables. Kaplan-Meier
survival time analysis was used to estimate the survival time
distributions, and the log-rank test was used to assess the
statistical significance between different groups. Multivariate
analysis was performed using Cox's proportional hazards model,
and the risk ratio and 95% confidence intervals were calculated
for each characteristic. Statistical analysis was performed
using SPSS version 13.0 for Windows (SPSS, Inc., Chicago, IL,
USA). Two-tailed tests were performed. P<0.05 was considered
to indicate a statistically significant difference.

Results

UBE2C expression in glioma. A microarray was performed to
detect the UBE2C mRNA expression in 220 glioma tissues and
5 non-cancerous brain specimens. The present study observed
significant differences in the UBE2C expression between
non-cancerous brain, low-grade glioma and high-grade glioma
tissues. Fig. 1 reveals that the expression levels of UBE2C
mRNA in grade II tumor tissues were significantly decreased
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Figure 2. Immunohistochemical expression of UBE2C in glioma tissues of various grades. (A) No expression of UBE2C was observed in non-cancerous brain
tissue. (B) A few UBE2C-positive tumor cells were observed in low-grade tumor tissues. A increased staining intensity was detected in (C) anaplastic glioma

and (D) glioblastoma tissues. UBE2C, ubiquitin-conjugating enzyme E2C.
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Figure 3. Association between ubiquitin-conjugating enzyme E2C expression and survival time in (A) anaplastic glioma and (B) glioblastoma tissues.

compared to grade IIT (P<0.0001) and IV (P<0.0001) glioma
tissues. However, there is no significant difference in UBE2C
expression levels between grade IIT and IV gliomas.

To additionally detect the expression of the UBE2C
protein in glioma tissues, immunohistochemistry was
performed. As illustrated in Fig. 2, UBE2C was not expressed
in non-cancerous brain tissues. There was significant UBE2C
protein expression in 46 of 97 (47.4%) low-grade gliomas. In
total, 73.5% of patients (25 out of 34 patients) with anaplastic
(grade I1T) gliomas demonstrated significant UBE2C protein
expression, whereas 78.8% (63 of 80) of glioblastomas (GBM,;
grade IV) exhibited significant UBE2C staining (2).

Association between UBE2C expression and the clinico-
pathological parameters. The present study evaluated the
association of UBE2C expression with clinicopathological
variables (Table I). According to the strength of staining
for UBE2C in cells, which was classified as absent, weak,

moderate or strong staining, the glioma tissues were divided
into two groups, negative and positive. UBE2C expression was
not associated with the patient age, patient gender, extent of
resection, IDHI mutation status and TMZ chemotherapy.

Association between UBE2C expression and survival time.
The Kaplan-Meier method was performed to elucidate the
association of UBE2C expression with the prognosis of glioma
patients. The median expression of UBE2C in anaplastic glioma
patients was 2.1061 and the median expression of UBE2C in
GBM patients was 1.3937. When the median expression values
of UBE2C (the relative expression level detected by microarray)
was used as the cut-off point, patients with a higher UBE2C
expression possessed a significantly decreased overall survival
time in patients with anaplastic glioma (P<0.01; Fig. 3A) and
those with GBM (P=0.035; Fig. 3B).

Multivariate analysis of 80 patients with GBM was
performed for UBE2C expression and pathological predictors
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Table I. Association between UBE2C protein expression and
clinical characteristics of patients with glioblastoma.

Characteristic Negative Positive P-value

Total, n 17 63

Age, years
<48 10 23 0.16
>48 7 40

Gender
Male 12 38 0.58
Female 5 25

Extent of resection
Total 4 28 0.17
Subtotal 13 35

IDH1 mutation status
No mutation 4 7 0.23
Mutation 13 56

TMZ chemotherapy
No TMZ 12 46 1.00
TMZ 5 17

Absent or weak staining was categorized as negative, while
moderate or strong staining was categorized as positive. UBE2, ubiq-
uitin-conjugating enzyme E2C; IDHI, isocitrate dehydrogenase-1;
TMZ, temozolomide.

Table II. Association between UBE2C expression and clinical
characteristics and the clinical outcome in 80 glioblastoma
patients.

Characteristic HR 95% CI P-value
Gender

Male 1.00

Female 0.84 0.50-1.41 0.51
Age, years

<48 1.00

>48 0.82 047-144 0.49
Extent of resection

Subtotal 1.00

Total 044 0.25-0.77 <0.01
UBE2C expression

Low 1.00

High 2.40 1.23-4.69 0.01
IDH1 mutation status

No mutation 1.00
Mutation 0.34 0.14-0.83 0.02
TMZ chemotherapy

No TMZ 1.00

TMZ 0.37 0.20-0.70 <0.01

Calculated using Cox's proportional hazard regression analysis.
UBE?2, ubiquitin-conjugating enzyme E2C; HR, hazard ratio; IDH1,
isocitrate dehydrogenase-1; TMZ, temozolomide; CI, confidence
interval.
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for survival time using Cox's proportional hazard regression
analysis. The results demonstrated that the UBE2C expression,
extent of resection, TMZ chemotherapy and IDH1 mutation
status were independent prognostic factors of patient prognosis
(Table II). Therefore, the expression level of UBECI may be a
valuable prognostic marker for glioblastoma patients.

Discussion

Halting cell-cycle progression is crucial for the development
of tumorigenesis and tumor progression (20). UBE2C is a
human homolog of the cyclin-selective E2, which is involved
in the destruction of mitotic cyclins (21). Previous studies
have identified that, at the early G1 phase of the cell cycle,
UBE2C undergoes anaphase-promoting, complex-dependent
degradation (22,23). This cell cycle-dependent expression of
UBE2C may be a unique autoregulatory feedback loop for
the regulation of antigen-presenting cells (24). Therefore,
an impairment of UBE2C expression may inhibit the auto-
regulatory feedback loop and lead to the dysregulation of cell
growth (22,24,25). A previous study by van Ree er al (26)
identified that UBE2C overexpression leads to early degra-
dation of cyclin B, supernumerary centrioles, lagging
chromosomes and aneuploidy. In addition, UBE2C trans-
genic mice were prone to carcinogen-induced lung tumors
and a broad spectrum of spontaneous tumors (26). These
results indicate that UBE2C is a prominent protooncogene,
which causes instability of the whole chromosome and leads
to tumor formation.

The present study evaluated the expression levels of
UBE2C in 220 human glioma tissues and 5 non-cancerous
brain tissue specimens. The present study revealed that UBE2C
was expressed at low levels in non-cancerous and low-grade
glioma tissues, whereas high-grade gliomas expressed UBE2C
at increased levels. This result was consistent with previous
studies, which have revealed the involvement of UBE2C in
the malignant transformation of tissues and tumor progres-
sion (8,27,28). Okamoto er al (24) observed that the expression
levels of UBE2C were extremely low in numerous normal
tissues, but prominent in the majority of primary tumors
and cancerous cell lines. Additionally, an overexpression of
UBE2C stimulated growth and colony-forming activity in
NIH3T3 cells (24). In astrocytic tumors, UBE2C gene expres-
sion has been reported to increase with advancing pathological
stages (17). Therefore, UBE2C may be vital in the aggressive
progression of glioma.

However, the association between UBE2C expression and
the clinical prognosis of glioma patients has not been defined.
The present study demonstrated for the first time, to the best of
our knowledge, that a high expression of UBE2C was associ-
ated with a poor outcome for patients with malignant gliomas.
In the present study, 34 anaplastic gliomas and 89 GBM tissues
were analyzed for UBE2C expression and survival time. The
results demonstrated that anaplastic glioma and GBM patients
with an increased UBE2C expression possessed a significantly
decreased overall survival time. Multivariate analysis of
80 GBM patients indicated that UBE2C expression is an inde-
pendent prognostic factor. These findings suggest that UBE2C
may be a reliable indicator for prognosis in malignant glioma
patients.
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In summary, the present study demonstrated that UBE2C

is overexpressed in malignant glioma. This result is based on a
large sample of frozen and FFPE tissue samples. The present
study identified for the first time, to the best of our knowledge,
that UBE2C is associated with an aggressive clinical outcome
and decreased overall survival time. Multivariate regression
analysis indicated the independence of UBE2C overexpression
as a predictor for poor prognosis in malignant glioma patients.
Additional investigation is required to confirm the findings
prior to the clinical application of UBE2C.
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