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is a prognostic indicator for cholangiocarcinoma
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Abstract

Cholangiocarcinoma is the most common malignant bile duct tumor in Southeast Asia. The special location of chol-
angiocarcinoma leads to it being difficult to diagnose. Currently, the progress in clinical prognosis outcomes remains
abysmal owing to the lack of definitive diagnostic criteria. Therefore, uncovering the potential markers for cholan-
giocarcinoma is a pressing issue. Ubiquitin-conjugating enzyme E2 C (UBE2C) is a critical ubiquitination enzyme; it

is involved in the tumorigenesis of various malignancies and affects the patient’s prognosis. However, there is cur-
rently no relevant literature to indicate whether UBE2C is related to the clinical survival outcome of cholangiocar-
cinoma patients. In this report, we mined the published cholangiocarcinoma transcriptome data set (GSE26566),
compared it with the ubiquitination-associated gene (GO:0016567), and identified that UBE2C was highly expressed
in cholangiocarcinoma tumor tissue. Moreover, high expression of UBE2C was markedly correlated with surgical mar-
gin, primary tumor, histological variants, and histological grade. More specifically, high expression of UBE2C was nega-
tively associated with overall survival, disease-specific survival, local recurrence-free survival, and metastasis-free sur-
vival in patients with cholangiocarcinoma. Our findings demonstrate that UBE2C may provide a potential therapeutic
marker and prognostic factor for cholangiocarcinoma patients.
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Introduction
Cholangiocarcinoma is a relatively rare malignant tumor
arising in the bile duct epithelium [1]. Although consid-
ered a rare cancer, the incidence of cholangiocarcinoma
is on the rise globally, especially in East and Southeast
Asia [2]. Because of the lack of symptoms and limita-
tions of diagnostic methods, the 5-year survival rate of
cholangiocarcinoma patients is less than 10% [3]. Chol-
angiocarcinoma is primarily treated through surgery,
radiation therapy (RT), and chemotherapy (CT), depend-
ing on the disease stage; surgical resection is the pri-
mary treatment for early-stage cholangiocarcinoma [4].
However, most patients with cholangiocarcinoma are
asymptomatic in the early-stages and are often diagnosed
at advanced stages when the tumor has spread to other
tissues beyond the bile duct, which dramatically affects
treatment outcomes [5]. Clinically, combination ther-
apy with gemcitabine and cisplatin is the primary treat-
ment for advanced-stage cholangiocarcinoma, but only
a minority of patients show responses and most patients
experience disease relapse after a few weeks or months
[6]. Once recurrence or distant metastasis occurs, the
5-year survival rate of patients with cholangiocarcinoma
is only about 2% [7, 8]. Therefore, there is an urgent need
to identify potential target biomarkers to facilitate the
early detection of cholangiocarcinoma.
Ubiquitin-conjugating enzyme E2 C (UBE2C) is a
member of the E2 ubiquitin-conjugating enzyme fam-
ily, and it is the principal regulator of pathways for pro-
tein degradation in eukaryotes [9]. Recent studies have
reported that UBE2C is also involved in mitotic cyclin
disruption, affecting cell cycle progression [10]. Nota-
bly, Okamoto Y and colleagues reported that UBE2C
RNA and protein expression levels are almost undetect-
able in normal tissues [11]. In contrast, UBE2C is highly
expressed in lung cancer [12], esophageal adenocarcino-
mas [13], liver cancer [14], nasopharyngeal carcinoma
[15], and breast cancer [16], demonstrating that UBE2C
may be involved in carcinogenesis and play an essen-
tial role in tumorigenesis and cancer progression [17].
For example, inhibition of UBE2C causes G2/M arrest
and promotes the apoptosis of melanoma cells [10]. In
additionally, knockdown UBE2C expression attenuated
cell proliferation and induced cell cycle arrest of S and
G2/M phases in nasopharyngeal carcinoma cells [15].
Overexpression of UBE2C enhances cell proliferation,
cell migration, and invasion in endometrial cancer [18].
In particular, high expression of UBE2C correlated with
an unfavorable prognosis for different cancer types such
as breast cancer [19], thyroid carcinoma [20], cervical
cancer [21], and gastric cancer [22]. However, the role of
UBE2C in intrahepatic cholangiocarcinoma (IHCC) has
not yet been thoroughly investigated.
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In this study, we mined and analyzed the relation-
ship between the gene associated with ubiquitination
(G0O:0016567) and tumorigenesis-associated genes in the
transcriptome of cholangiocarcinoma (GSE26566). We
found that the ubiquitination-associated gene, UBE2C,
is most highly expressed in cholangiocarcinoma tumor
tissue compared with non-tumor biliary epithelium
tissue. Moreover, we further investigated the correla-
tion between UBE2C expression and clinicopathologi-
cal characterization in cholangiocarcinoma patients.
We attempted to clarify the effect of UBE2C expression
on the development of cholangiocarcinoma and dem-
onstrated that UBE2C may act as a prognostic factor in
cholangiocarcinoma. We found that UBE2C expression
was negatively correlated with overall survival, disease-
specific survival, local recurrence-free survival, and
metastasis-free survival in patients with cholangiocarci-
noma. Therefore, these analyses suggest that UBE2C may
provide a reliable potential marker for cholangiocarci-
noma patients.

Materials and methods

Analysis of expression profile from publicly available
cholangiocarcinoma transcriptomic dataset

The data sets of mRNA expression came from the GEO
database (National Center for Biotechnology Informa-
tion, USA). We analyzed the data set GSE26566, con-
taining cholangiocarcinoma tumor tissue (n=104) and
non-cancerous liver (n=59) samples inspected with
Human Genome U133 Plus 2.0 Array from Affymetrix.
We calculated the expression level of the gene identified
by the probe combination and unnecessary pre-selection
or filtrating. Censoring the comparative analysis, the
data set was intersected to acquaint the gene, which was
expressing significantly. The gene expression of selection
on the data set was based on (p <0.0001), and it followed
the gene associated with ubiquitination (GO:0016567).

Patients and tumor specimens

The present study was ratified by the institutional review
board of Chi-Mei Medical Center in Taiwan (IRB No.
09912003). The paraffin-embedded tissue blocks were
retrieved from 182 intrahepatic cholangiocarcinoma
patients. In this study, we included cholangiocarci-
noma patients who received curative surgery. The pres-
ence of lymph node involvement or distant metastasis
was ruled out to guarantee curability. Only individu-
als with T1-3NOMO disease were included We gathered
patients’ retrospective demographic and clinical data,
including pathological characteristics, oncological sur-
vival follow-up, and cause of mortality. The follow-up
time was 3 to 352.7 months, with a mean at 43.4 months
(median, 26.7 months). Two pathologists classified
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tumors through histological subtypes based on WHO
classification. The tumor stage was adjusted in the sam-
ples using the 7th American Joint Committee on Cancer
system.

Immunohistochemistry (IHC) staining

We used the formalin-fixed, paraffin-embedded (FFPE)
cholangiocarcinoma tissue blocks from original histo-
pathological diagnoses of the cases that were subjected
to IHC staining. The section of tissue with a thickness
of 4 um was prepared. The sections were de-waxed and
then cleared in xylene. Hydration was accomplished by
dipping the sections in absolute ethanol. The slides used
3% H202 to block endogenous peroxidase and then incu-
bated in the citrate buffer of pH 6.0. The tissue sections
were incubated at 4 C overnight with primary antibod-
ies: UBE2C antibody (Clone:23165-31, Abcam, dilution
1:200), following the manufacturers’ recommendations.
The secondary antibody reagent HRP polymer was incu-
bated for 30 min at room temperature. After washing the
sections and using diaminobenzidine as chromogen, we
followed by counterstaining with Mayer’s hematoxylin
(Histolab) and were ready for explanation. Two patholo-
gists used the following equation to calculate the H-score
to estimate COMP immunoreactivity: H-score=SPi
(i+1), where Pi is the percentage of stained tumor cells
in various intensities ranging from 0 to 100%, and I is the
degree of staining (0 to 3+). If there were any scoring
disagreements, the two pathologists assessed the slides
at the same time and agreed on an H-score. The immu-
nostaining was categorized into low and high expression
levels based on the median H-score as previously men-
tioned [23].

Gene function prediction

To understand the undisclosed functions of UBE2C in
intrahepatic cholangiocarcinoma, we evaluated the rela-
tionship between the transcript levels of UBE2C and
its co-expressed genes from the cholangiocarcinoma
data set (TCGA, Firehose Legacy, n=51). Next, the top
200 differentially expressed genes presenting a positive

== Cholangiocarcinoma
Surrounding Liver
s Non-tumor biliary epithelium

Cluster-1
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relationship or a negative relationship to UBE2C were
annotated by the Gene Ontology (GO) classification sys-
tem and were ordered by fold enrichment.

Statistical analysis

SPSS 14 statistics software was applied for statistical
analysis. We compared the clinicopathological parame-
ters and differences between UBE2C expression using the
Chi-square test. The endpoints followed overall survival,
disease-specific survival, local recurrence-free survival,
and metastasis-free survival., following the start date of
the radiotherapy to the onset of an event. The Cox pro-
portional hazards model utilized multivariate analysis,
and the Kaplan—Meier method compared the survival
curves of IHCC patients. All the analyses and p<0.05
were considered to indicate statistical significance.

Results

UBE2C is significantly up-regulated in cholangiocarcinoma
patients

To evaluate the biomarkers for the diagnosis of chol-
angiocarcinoma, we mined the cholangiocarcinoma
data set (GSE26566) in the Gene Expression Omnibus
(GEO) database for analysis of those containing cholan-
giocarcinoma tumor tissue (n=104) and non-cancerous
livers (n=59) and compared them with the gene asso-
ciated with ubiquitination (GO:0016567) in the Gene
Ontology Term (GO Term) database. Heatmap results
demonstrated that 11 ubiquitination-associated genes
were significantly differentially expressed in the chol-
angiocarcinoma data set (GSE26566) (Fig. 1). We noted
that among these genes, UBE2C (Ubiquitin-conjugat-
ing enzyme E2 C) showed the highest fold change in
expression between the cholangiocarcinoma tumor
tissue and non-cancerous livers (log2 ratio=1.7925;
p-value<0.0001) (Table 1). Therefore, we focused on the
ex-pression of UBE2C to explore whether it was asso-
ciated with the clinicopathologic characterization of
cholangiocarcinoma.

Cluster-2

CAND1
BAZ1B
UBE2C
NoOSIP
TSPAN17
cBLL1
FBX024
BRCA1
UBOX5
FBX09

Fig. 1 Heatmap showing differential expression of ubiquitination-related genes (GO:0016567) in cholangiocarcinoma tumor tissue and non-tumor
bile duct epithelial tissue on the GEO Cholangiocarcinoma database (GSE26566). The mean expression values are black, downregulation is green,

and upregulation is red
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UBECS is associated with poorer clinical pathological
parameters of patients with cholangiocarcinoma

To determine whether the expression of UBE2C was cor-
related with the clinicopathologic characteristics in chol-
angiocarcinoma patients (Table 2), we collected 182 cases
of cholangiocarcinoma patients, 108 were male and 74
were female, of which 107 cholangiocarcinoma patients
were <65 years and 75 cholangiocarcinoma patients were
male >65 years. Clinicopathological features analyzed
showed that UBE2C-high ex-pression and UBE2C-low
expression in cholangiocarcinoma patient tumors were
significantly associated with surgical margin (RO and
R1) (p-value=0.029), primary tumor (T1, T2, and T3)
(p-value=0.031), histological variant (large duct-type
and small duct-type) (p-value=0.001) and histological
grade (well-differentiated, moderately differentiated, and
poorly differentiated) (p-value =0.023). However, gender,
age (< 65 years and > 65 years), hepatitis, and intrahepatic
lithiasis showed no significant differences in the tumors
of cholangiocarcinoma patients with differential UBE2C
expression. Moreover, we determined the expression of
UBE2C in human cholangiocarcinoma tumor tissues
by immunohistochemical (IHC) staining. We observed
that the low-stage cholangiocarcinoma tumor  tis-
sues had weak UBE2C expression (Fig. 2A-D), whereas
the high-stage cholangiocarcinoma tumor tissues had
strong UBE2C expression (Fig. 2E-H). These findings
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demonstrated that UBE2C was positively correlated with
the development of clinicopathological features in chol-
angiocarcinoma patients, and its expression could be
used as a predictor of cholangiocarcinoma.

Highly expressed UBE2C is correlated with poor survival
outcomes of cholangiocarcinoma patients

To identify whether expression of UBE2C affects survival
outcomes in patients with cholangiocarcinoma, Kaplan—
Meier analysis indicated that UBE2C high expression
was markedly associated with poorer overall survival
(Fig. 3A; p-value=0.0013), disease-specific survival
(Fig. 3B; p-value=0.0004), local recurrence-free survival
(Fig. 3C; p-value<0.0001), and metastasis-free survival
(Fig. 3D; p-value=0.0008). Moreover, to further deter-
mine the association between the prognostic significance
of UBE2C expression and clinicopathological parame-
ters in cholangiocarcinoma patients, we performed uni-
variate and multivariate analyses. The overall survival
was markedly correlated with gender (male and female;
p-value=0.0254) by univariate analysis, but multivariate
analysis showed that gender was not significantly corre-
lated with overall survival. In addition, surgical margin
(RO and R1), primary tumor staging (T1, T2, and T3), and
UBE2C expression (high and low expression) were mark-
edly correlated with overall survival and disease-specific
survival by the models of univariate and multi-variate

Table 2 Correlations between UBE2C expression and other important clinicopathological parameters in primary localized IHCC

Parameter Category Case No UBE2C Expression p-value
Low High

Gender Male 108 51 57 0.365
Female 74 40 37

Age (years) <65 107 51 56 0451
>65 75 40 35

Hepatitis Hepatitis B 72 42 30 0.191
Hepatitis C 29 13 16
Non-B, non-C 81 36 45

Intrahepatic lithiasis Not identified 102 57 65 0.073
Present 80 34 46

Surgical margin RO 163 86 77 0.029*
R1 19 5 14

Primary tumor (T) T1 87 51 36 0.031*
T2 61 29 32
T3 34 " 23

Histological variants Large duct type 105 41 64 0.001*
Small duct type 77 50 27

Histological Grade Well differentiated 61 35 26 0.023*
Moderately differentiated 66 37 29
Poorly differentiated 55 19 36

" Statistically significant
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UBE2C IHC
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pT3 IHCC
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Fig. 2 Images of immunohistochemical staining with UBE2C. A-D Low-stage cholangiocarcinoma tumor tissues have weak UBE2C expression,
whereas E-H the high-stage cholangiocarcinoma tumor tissues have strong UBE2C expression

analysis. However, the age (<65 years and >65 years),
hepatitis (hepatitis B, hepatitis C, and non-hepatitis B
and non-hepatitis C), intrahepatic lithiasis (not identified
and present), histological variants (large duct-type and
small duct-type), and histological grade (well, moderately
and poorly) were not significantly different in overall
survival and disease-specific survival (Table 3). Moreo-
ver, we analyzed the correlation of local recurrence-free
and metastasis-free survival with clinical characteristics
through univariate and multivariate analyses. The results
revealed that surgical margin, primary tumor staging,
histological variants, and UBE2C expression were signifi-
cantly correlated with local recurrence-free survival and
metastasis-free survival. Among them, the histological
grade was significantly associated with local recurrence-
free survival (p-value=0.0299) in univariate analyses but
not in multivariate analyses (Table 4). Taken together,
these analyses indicated that UBE2C might provide a
new diagnostic marker for cholangiocarcinoma.

Gene function of UBE2C is correlated with G2/MI transition
of meiotic cell cycle

To understand the undisclosed functions of UBE2C
in IHCC, we downloaded the top 200 differentially
expressed genes presenting a positive relationship

(Additional file 1: Table S1) or a negative relationship
(Additional file 1: Table S2) to UBE2C from the cholan-
giocarcinoma data set (TCGA, Firehose Legacy, n=51).
Subsequently, applying the Gene Ontology (GO) classifi-
cation system, these genes were used to predict UBE2C
functions. The results revealed that the most promi-
nent term correlated with UBE2C upregulation was
G2/MI transition of meiotic cell cycle (GO: 0008315,
fold enrichment:>100) in the context of biological pro-
cesses (Fig. 4A), and the G2/mitotic-specific cyclin-B2
(CCNB2) and NDC80 kinetochore complex component
(NDC80) genes were identified. In terms of cellular com-
ponents, the most notable terms correlated with UBE2C
upregulation were Ndc80 complex (GO: 0031262, fold
enrichment: >100) that contains the kinetochore pro-
tein Nuf2 (NUF2), kinetochore protein Spc24 (SPC24),
SPC25, and NDC80 genes and cyclin B1-CDK1 complex
(GO: 0097125, fold enrichment:>100) that includes the
CCNBI1 and cyclin-dependent kinase 1 (CDK1) genes
(Fig. 4B).

Discussion

Cholangiocarcinoma is one of the most aggressive and
lethal malignant tumors [24]. It is worth noting that,
although cholangiocarcinoma accounts for a small
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Fig. 3 Kaplan—-Meier survival curves of cholangiocarcinoma patients with high or low expressions of UBE2C. A Overall survival, B disease-specific

survival, C local recurrence-free survival, and D metastasis-free survival

number of all the cancers diagnosed, its incidence is on
the rise globally, representing a significant global public
health problem with a major impact on the individual
and the social economy [25]. According to the original
location of cholangiocarcinoma, it is classified into three
subtypes: intrahepatic cholangiocarcinoma (about 10%),
extrahepatic cholangiocarcinoma (about 50%), and distal
cholangiocarcinoma (about 40%) [26]. Typically, these
three cholangiocarcinomas are challenging to diagnose

until they have spread to other tissues at an advanced
stage [27]. Recent large-scale studies have indicated that
many genes (oncogenes and tumor sup-pressors genes)
have been mutations or deletions in cholangiocarcinoma,
allowing cells to grow and divide uncontrollably [28, 29].
Nevertheless, it is unclear what causes the changes that
lead to cholangiocarcinoma. In addition, researchers
have also investigated several risk factors that may play
a significant role in cholangiocarcinoma pathogenesis,
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Fig. 4 Notable GO terms enriched in UBE2C upregulation. The top 200 differentially expressed genes presenting positive connections with UBE2C
were utilized to conduct functional annotation using the GO classification system according to (A) biological processes and (B) cellular components

and were ordered by fold enrichment

including primary sclerosing cholangitis, chronic liver
disease, smoking, diabetes, and a liver parasite [30, 31].
More importantly, owing to its indistinct clinical char-
acteristics that lead to difficulties in early diagnosis and
a poor prognosis, the median survival rate of cholangio-
carcinoma is less than 2 years [32, 33]. To overcome the
limitations of conventional treatment in cholangiocarci-
noma, identifying novel biological markers that are avail-
able for the diagnostic strategies of cholangiocarcinoma
is imperative.

In our study, we comparatively analyzed the differen-
tially expressed genes from the cholangiocarcinoma tran-
scriptome data set (GSE26566) and compared them with
the gene associated with ubiquitination (GO:0016567).
We validated that ubiquitination-associated gene UBE2C
had the highest expression in cholangiocarcinoma
patients’ tumors. UBE2C is an essential protein-coding
gene in the ubiquitin-binding enzyme family, and it is
involved in protein degradation, especially in cell cycle
progression [34]. More importantly, many studies have
indicated that UBE2C also plays an essential role in
the progression of different cancer types. For example,
UBE2C is highly expressed in gastric cancer, and inhibi-
tion of UBE2C expression decreases the development of
gastric adenocarcinoma through the Wnt/pB-catenin and
PI3K/Akt signaling pathways [35]. In additionally, over-
expression of UBE2C promoted cell proliferation, migra-
tion/invasion, and epithelial-mesenchymal transition
(EMT) in endometrial cancer [18]. Zhenning Jin and col-
leagues indicated that UBE2C was upregulated in head
and neck squamous cell carcinoma, and downregulation
of UBE2C significantly suppressed cell migration and cell
invasion [36]. Moreover, there have been multiple reports

that UBE2C is an oncogene and correlates with poor sur-
vival outcomes in lung cancer [12], gastric cancer [22],
hepatocellular carcinoma [37], and breast cancer [38].
However, the expression of UBE2C in survival outcomes
and prognosis of cholangiocarcinoma patients is still
unclear. Our study indicated that UBE2C protein expres-
sion was significantly increased in cholangiocarcinoma
tumor tissues compared to non-tumor tissues by immu-
nohistochemistry. Furthermore, we demonstrated that
high expression of UBE2C was significantly correlated
with poor overall survival, disease-specific survival, local
recurrence-free survival, and metastasis-free survival in
patients with cholangiocarcinoma. Taken together, these
results suggested that UBE2C may serve as a prognostic
marker of cholangiocarcinoma.

To the best of our knowledge, this study is the first to
describe the association between UBE2C and the clinical
characteristics of cholangiocarcinoma patients. Our clin-
icopathological variables indicated that UBE2C expres-
sion is significantly associated with surgical margin (RO
and R1; p-value=0.029), primary tumor (T1, T2, and
T3; p-value=0.031), histological variant (large duct type
and small duct type; p-value=0.001), and histological
grade (well-differentiated, moderately differentiated, and
poorly differentiated; p-value=0.023). More importantly,
we also performed univariate and multivariate analyses
to evaluate the association between the prognostic sig-
nificance of UBE2C ex-pression and patients’ survival.
Univariate and multivariate survival analyses showed
that gender, surgical margin, primary tumor, and UBE2C
expression were significantly related to overall survival,
disease-specific survival, local recurrence-free survival,
and metastasis-free survival. These studies suggested that
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UBE2C might serve as a reliable indicator for prognosis
in patients with cholangiocarcinoma.

Cancer is featured by unrestrained proliferation follow-
ing aberrant activity of distinct cell cycle proteins in dif-
ferent phases (GO/G1, S, G2, and M). In the G2/M phase
of the cell cycle, CCNB1 and CCNB2 can form complexes
with CDK1 to regulate the initiation of mitosis [39]. High
CCNB1, CCNB2, and CDK1 expression has been associ-
ated with inferior prognosis in hepatocellular carcinoma
patients [40]. In additionally, during mitotic cell division,
the highly conserved NDC80 kinetochore complex cre-
ates the outer kinetochore to interact with microtubules,
ensuring appropriate chromosome segregation [41].
It has also been suggested that high NDC80 complex
expression is correlated with worse survival in hepato-
cellular carcinoma patients [42]. The NDC80 complex
is composed of four components, comprising NDC80,
NUF2, SPC24, and SPC25, and aberrant expression of
these four components may cause uncontrolled cell pro-
liferation in hepatocellular carcinoma [43-45]. Inter-
estingly, we identified that the mRNA levels of CCNBI,
CCNB2, CDK1, NDC80, NUF2, SPC24, and SPC25 were
significantly positively correlated with UBE2C (Addi-
tional file 1: Table S1 and Fig. 4), implying that UBE2C
may promote IHCC development through cell cycle reg-
ulation, and further experimental validation is needed.

Our research has certain limitations. Firstly, it is a
retrospective study conducted at a single institution.
Secondly, the exact molecular mechanism underlying
disease progression and adverse outcomes in UBE2C-
overexpressing IHCC remains unclear. Thirdly, there is
currently no standardized immunostaining and scor-
ing scheme for assessing UBEC2 expression. Lastly, to
validate our findings, prospective multicenter studies are
required.

Conclusions

This study is the first to illustrate that UBE2C may be a
potential marker for evaluating the prognosis of cholangi-
ocarcinoma patients. Our cross-analysis using published
transcriptome data sets and our clinical cohort demon-
strated that UBE2C was significantly highly expressed in
cholangiocarcinoma tumor tissues, and high expression
of UBE2C was significantly associated with worse overall
survival, disease-specific survival, local recurrence-free
survival, and metastasis-free survival in patients with
cholangiocarcinoma. Retrospective analysis determined
that UBE2C expression was significantly associated with
surgical margin, primary tumor, histological variant,
and histological grade in cholangiocarcinoma patients.
The findings from the present study may also provide a
potential therapeutic marker and prognostic factor for
cholangiocarcinoma patients.

Page 11 of 12

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540001-023-01575-9.

Additional file 1: Table S1. The top 200 genes positively correlated with
UBE2C. Table S2. The top 200 genes negatively correlated with UBE2C.

Author contributions

Conceptualization: K-H Ong and Y-HK; methodology: K-HO, H-YL, D-PS, T-JC,
K-HH, Y-FT, C-LC, Y-LS, T-CC, and C-FL; investigation: K-HO, H-YL, D-PS, T-JC,
K-HH, Y-FT, C-LC, Y-LS, T-CC, and C-FL; formal analysis: K-HO, H-YL, D-PS, T-JC,
K-HH, Y-FT, C-LC, Y-LS, T-CC, and C-FL; resources: C-LC, Y-LS, T-CC, and C-FL; vali-
dation: K-HO, H-YL, D-PS, T-JC, K-HH, and Y-FT; visualization: K-HO, H-YL, D-PS,
T-JC, K-HH, and Y-FT; writing—original draft: K-HO and Y-HK; writing—review &
editing: K-HO and Y-HK; funding acquisition: Y-HK; supervision: K-HO and Y-HK.
All the authors contributed to the article and approved the submitted version.

Funding
This research received no external funding.

Availability of data and materials

The transcriptome data set (GSE26566) analyzed in the current study is availa-
ble in a published archive from the Gene Expression Omnibus (GEO) database
(National Center for Biotechnology Information, Bethesda, MD, USA).

Declarations

Ethics approval and consent to participate

As a rule, every participant signed informed consent before samples were
deposited in the biobank. This study and its use of deidentified tumor samples
from the biobank were approved by the Ethics Committee and Institutional
Review Board of Chi Mei Medical Center (IRB N0.09912003). This study was
conducted following the ethical guidelines of the Declaration of Helsinki and
the regulations of our government.

Competing interests

The authors declare that the research was conducted in the absence of any
commercial or financial relationship that could be construed as a potential
competing interest.

Received: 22 December 2022 Accepted: 7 December 2023
Published online: 15 December 2023

References

1. Aquina CT, Pawlik TM, Ejaz A. Cholangiocarcinoma: three different enti-
ties based on location. Ann Transl Med. 2020;8(12):738.

2. Shiao MS, Chiablaem K, Charoensawan V, Ngamphaiboon N, Jinawath
N. Emergence of intrahepatic cholangiocarcinoma: how high-through-
put technologies expedite the solutions for a rare cancer type. Front
Genet. 2018;9:309.

3. TeraiK, Ishigaki K, Kagawa Y, Okada K, Yoshida O, Sakurai N, et al.
Clinical, diagnostic, and pathologic features and surgical outcomes
of combined hepatocellular-cholangiocarcinoma in dogs: 14 cases
(2009-2021). J Am Vet Med Assoc. 2022;260:1-7.

4. Banales JM, Marin JJG, Lamarca A, Rodrigues PM, Khan SA, Roberts LR,
et al. Cholangiocarcinoma 2020: the next horizon in mechanisms and
management. Nat Rev Gastroenterol Hepatol. 2020;17(9):557-88.

5. Alsaleh M, Leftley Z, Barbera TA, Sithithaworn P, Khuntikeo N, Loilome
W, et al. Cholangiocarcinoma: a guide for the nonspecialist. Int J Gen
Med. 2019;12:13-23.

6. DingY,Han X, Sun Z, Tang J, Wu Y, Wang W. Systemic sequential ther-
apy of CisGem, tislelizumab, and lenvatinib for advanced intrahepatic
cholangiocarcinoma conversion therapy. Front Oncol. 2021;11:691380.


https://doi.org/10.1186/s40001-023-01575-9
https://doi.org/10.1186/s40001-023-01575-9

Ong et al. European Journal of Medical Research

20.

21

22.

23.

24.

25.

26.

27.

28.
29.

30.

(2023) 28:593

Chan KM, Tsai CY, Yeh CN, Yeh TS, Lee WC, Jan YY, et al. Characterization
of intrahepatic cholangiocarcinoma after curative resection: outcome,
prognostic factor, and recurrence. BMC Gastroenterol. 2018;18(1):180.
Gkika E, Hawkins MA, Grosu AL, Brunner TB. The evolving role of
radiation therapy in the treatment of biliary tract cancer. Front Oncol.
2020;10:604387.

Du X, Song H, Shen N, Hua R, Yang G. The molecular basis of ubiquitin-
conjugating enzymes (E2s) as a potential target for cancer therapy. Int J
Mol Sci. 2021;22(7):3440.

Liu G, Zhao J, Pan B, Ma G, Liu L. UBE2C overexpression in melanoma and
its essential role in G2/M transition. J Cancer. 2019;10(10):2176-84.

. Okamoto Y, Ozaki T, Miyazaki K, Aoyama M, Miyazaki M, Nakagawara A.

UbcH10 is the cancer-related E2 ubiquitin-conjugating enzyme. Cancer
Res. 2003;63(14):4167-73.

LiuY, Huang F, Chen H, Peng Q, Zhao C, Miao L. Expression of UBE2C in
lung adenocarcinoma based on database analysis and its clinical signifi-
cance. Zhong Nan Da Xue Xue Bao Yi Xue Ban. 2020;45(9):1044-52.

Li R, Pang XF, Huang ZG, Yang LH, Peng ZG, Ma J, et al. Overexpression of
UBE2C in esophageal squamous cell carcinoma tissues and molecular
analysis. BMC Cancer. 2021;21(1):996.

leta K, Ojima E, Tanaka F, Nakamura Y, Haraguchi N, Mimori K, et al. Identi-
fication of overexpressed genes in hepatocellular carcinoma, with special
reference to ubiquitin-conjugating enzyme E2C gene expression. Int J
Cancer. 2007;121(1):33-8.

Shen Z, Jiang X, Zeng C, Zheng S, Luo B, Zeng Y, et al. High expression of
ubiquitin-conjugating enzyme 2C (UBE2C) correlates with nasopharyn-
geal carcinoma progression. BMC Cancer. 2013;13:192.

QinT, Huang G, Chi L, Sui S, Song C, Li N, et al. Exceptionally high UBE2C
expression is a unique phenomenon in basal-like type breast cancer and
is requlated by BRCA1. Biomed Pharmacother. 2017,95:649-55.

Gong Y, Wang D, Lin L, Dai J, Yu L. The expression of ubiquitin-conjugating
enzyme E2C and KAI1 in ovarian carcinoma and their clinical significance.
Medicine. 2019;98(46):217896.

LiuY, Zhao R, Chi'S, Zhang W, Xiao C, Zhou X, et al. UBE2C is upregulated
by estrogen and promotes epithelial-mesenchymal transition via p53 in
endometrial cancer. Mol Cancer Res. 2020;18(2):204—15.

KimYJ, Lee G, Han J, Song K, Choi JS, Choi YL, et al. UBE2C overexpres-
sion aggravates patient outcome by promoting estrogen-dependent/
independent cell proliferation in early hormone receptor-positive and
HER2-negative breast cancer. Front Oncol. 2019;9:1574.

Xiang C, Yan HC. Ubiquitin conjugating enzyme E2 C (UBE2C) may play

a dual role involved in the progression of thyroid carcinoma. Cell Death
Discov. 2022;8(1):130.

Chiang AJ, Li CJ, Tsui KH, Chang C, Chang YI, Chen LW, et al. UBE2C drives
human cervical cancer progression and is positively modulated by mTOR.
Biomolecules. 2020;11(1):37.

Zhang HQ, Zhao G, Ke B, Ma G, Liu GL, Liang H, et al. Overexpression of
UBE2C correlates with poor prognosis in gastric cancer patients. Eur Rev
Med Pharmacol Sci. 2018;22(6):1665-71.

Chan TC, Wu WJ, Li WM, Shiao MS, Shiue YL, Li CF. SLC14A1 prevents
oncometabolite accumulation and recruits HDACT to transre-

press oncometabolite genes in urothelial carcinoma. Theranostics.
2020;10(25):11775-93.

Liu J, Ren WX, Shu J. Multimodal molecular imaging evaluation for early
diagnosis and prognosis of cholangiocarcinoma. Insights Imaging.
2022;13(1):10.

Cao W, Chen HD, Yu YW, Li N, Chen WQ. Changing profiles of cancer bur-
den worldwide and in China: a secondary analysis of the global cancer
statistics 2020. Chin Med J (Engl). 2021;134(7):783-91.

Vijgen S, Terris B, Rubbia-Brandt L. Pathology of intrahepatic cholangio-
carcinoma. Hepatobiliary Surg Nutr. 2017;6(1):22-34.

Sirica AE, Strazzabosco M, Cadamuro M. Intrahepatic cholangiocarci-
noma: morpho-molecular pathology, tumor reactive microenvironment,
and malignant progression. Adv Cancer Res. 2021;149:321-87.

Tischoff I, Wittekind C, Tannapfel A. Role of epigenetic alterations in
cholangiocarcinoma. J Hepatobiliary Pancreat Surg. 2006;13(4):274-9.

Jia P, Zhao Z. Characterization of tumor-suppressor gene inactivation
events in 33 cancer types. Cell Rep. 2019;26(2):496-506 e3.

Khan SA, Tavolari S, Brandi G. Cholangiocarcinoma: epidemiology and risk
factors. Liver Int. 2019;39(Suppl 1):19-31.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 12 of 12

Ceci L, ZhouT, Lenci |, Meadows V, Kennedy L, Li P, et al. Molecular
mechanisms linking risk factors to cholangiocarcinoma development.
Cancers. 2022;14(6):1442.

Cholangiocarcinoma WG. Italian clinical practice guidelines on cholan-
giocarcinoma—part I: classification, diagnosis and staging. Dig Liver Dis.
2020;52(11):1282-93.

Forner A, Vidili G, Rengo M, Bujanda L, Ponz-Sarvise M, Lamarca A. Clinical
presentation, diagnosis and staging of cholangiocarcinoma. Liver Int.
2019;39(Suppl 1):98-107.

Nicolau-Neto P, Palumbo A, De Martino M, Esposito F, de Almeida ST,
Fusco A, et al. UBE2C is a transcriptional target of the cell cycle regulator
FOXM1. Genes. 2018;9(4):188.

Wang R, Song Y, Liu X, Wang Q WangY, Li L, et al. UBE2C induces EMT
through Wnt/betacatenin and PI3K/Akt signaling pathways by regulating
phosphorylation levels of Aurora-A. Int J Oncol. 2017;50(4):1116-26.
JinZ, Zhao X, Cui L, Xu X, Zhao 'Y, Younai F, et al. UBE2C promotes the pro-
gression of head and neck squamous cell carcinoma. Biochem Biophys
Res Commun. 2020;523(2):389-97.

Zhang CY, Yang M. Functions of three ubiquitin-conjugating enzyme

2 genes in hepatocellular carcinoma diagnosis and prognosis. World J
Hepatol. 2022;14(5):956-71.

Kariri Y, Toss MS, Alsaleem M, Elsharawy KA, Joseph C, Mongan NP,

et al. Ubiquitin-conjugating enzyme 2C (UBE2C) is a poor prog-

nostic biomarker in invasive breast cancer. Breast Cancer Res Treat.
2022;192(3):529-39.

Malumbres M, Barbacid M. Mammalian cyclin-dependent kinases. Trends
Biochem Sci. 2005;30(11):630-41.

ZouY,Ruan S, Jin L, Chen Z, Han H, Zhang Y, et al. CDK1, CCNBT1, and
CCNB2 are prognostic biomarkers and correlated with immune infiltra-
tion in hepatocellular carcinoma. Med Sci Monit. 2020;26:€925289.
Suzuki A, Badger BL, Haase J, Ohashi T, Erickson HP, Salmon ED, et al. How
the kinetochore couples microtubule force and centromere stretch to
move chromosomes. Nat Cell Biol. 2016;18(4):382-92.

Chen X, LiW, Xiao L, Liu L. Nuclear division cycle 80 complex is associated
with malignancy and predicts poor survival of hepatocellular carcinoma.
Int J Clin Exp Pathol. 2019;12(4):1233-47.

Ju LL, Chen L, Li JH, Wang YF, Lu RJ, Bian ZL, et al. Effect of NDC80

in human hepatocellular carcinoma. World J Gastroenterol.
2017;23(20):3675-83.

Zhang D, Liu E, Kang J, Yang X, Liu H. MiR-3613-3p affects cell pro-
liferation and cell cycle in hepatocellular carcinoma. Oncotarget.
2017,8(54):93014-28.

Yang J, Huang Y, Song M, Pan Q, Zhao J, He J, et al. SPC25 promotes prolif-
eration and stemness of hepatocellular carcinoma cells via the DNA-PK/
AKT/Notch1 signaling pathway. Int J Biol Sci. 2022;18(14):5241-59.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Ubiquitin-conjugating enzyme E2C (UBE2C) is a prognostic indicator for cholangiocarcinoma
	Abstract 
	Introduction
	Materials and methods
	Analysis of expression profile from publicly available cholangiocarcinoma transcriptomic dataset
	Patients and tumor specimens
	Immunohistochemistry (IHC) staining
	Gene function prediction
	Statistical analysis

	Results
	UBE2C is significantly up-regulated in cholangiocarcinoma patients
	UBECS is associated with poorer clinical pathological parameters of patients with cholangiocarcinoma
	Highly expressed UBE2C is correlated with poor survival outcomes of cholangiocarcinoma patients
	Gene function of UBE2C is correlated with G2MI transition of meiotic cell cycle

	Discussion
	Conclusions
	Anchor 17
	References


