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Abstract

Background: Esophageal cancer is a common malignant tumor and its 5-year survival rate is much lower than 30%
due to its invasiveness and pronounced metastasis ability, as well as the difficulty in early diagnosis. This study
aimed to elucidate the molecular mechanism of ubiquitin conjugating enzyme E2 C (UBE2C) in esophageal
squamous cell carcinoma (ESCC).

Methods: In this study, we conducted a comprehensive evaluation of the UBE2C expression in ESCC by collecting
the protein and mRNA expression data (including in-house RNA-seq, in-hosue immunohistochemistry, TCGA-GTEx
RNA-seq and tissue microarray) to calculate a combined standardized mean difference (SMD) and summary receiver
operating characteristic curve (sSROC). Kaplan-Meier (K-M) method was used for survival analysis. We also explored
the mechanism of UBE2C in ESCC by combing the differentially expressed genes (DEGs) of ESCC, related-genes of
UBE2C in ESCC and the putative miRNAs and IncRNAs which may regulate UBE2C.

Results: UBE2C protein and mRNA were highly expressed in ESCC tissues (including 772 ESCC tissue samples and
1837 non-cancerous tissue control samples). The pooled SMD of UBE2C expression values was 1.98 (95% Cl: 1.51—
245, p <0.001), and the the area under the curve (AUC) of the sROC was 0.93 (95% Cl: 0.90-0.95). The results of
survival analysis suggested that UBE2C is likely to play different roles in different stages of the ESCC. Pathway
anaylsis showed that UBE2C mainly influenced the biological function of esophageal cancer by synergistic effects
with CDKT1, PTTG1 and SKP2. We also constructed a potential UBE2C-related ceRNA network for ESCC (HCP5/has-
miR-139-5p/UBE2C).

Conclusion: UBE2C mRNA and protein level were highly expressed in ESCC and UBE2C was likely to play different
roles in different stages of the ESCC.

Keywords: Ubiquitin conjugating enzyme E2 C, Esophageal squamous cell carcinoma, RNA-sequencing, Tissue
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Introduction

Esophageal cancer is a common malignant tumor that
originates in the esophageal epithelium or glands with a
5-year survival rate less than 30%. China has one of the
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highest incidence rates and mortality rates for esopha-
geal cancer, mainly in the form of esophageal squamous
cell carcinoma (ESCC) [1, 2]. Therefore, more research
is needed on the molecular mechanism of esophageal
cancer to identify effective molecular targets and to
screen the population likely to benefit from that
targeting.
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One of the numerous potential molecular mechanisms
underlying esophageal cancer may involve ubiquitin con-
jugating enzyme E2 C (UBE2C), a protein-coding gene
related to pathways such as the cell cycle and mitosis
that modulate the progression of cancer [3]. UBE2C
overexpression has been confirmed in many kinds of
cancer tissues [4]. However, few studies have considered
a potential role for gene regulation of UBE2C in ESCC.

In recent years, the discovery of the competitive en-
dogenous RNA (ceRNA) mechanism has since attracted
the attention of many researchers and has stimulated
many relevant studies since Salmena et al. first proposed
it [5]. In the tumor field, ceRNAs can be used as decoys
to attract and isolate miRNAs, thereby relieving the in-
hibition of miRNA target genes and regulating the mo-
lecular biology and development of the tumor [6-8]. No
association has yet been established between UBE2C ex-
pression and specific miRNAs and IncRNAs in ESCC.

In this study, we first performed in-house RNA-seq to
determine the expression of UBE2C in ESCC tissues.
Then immunohistochemistry (IHC) was used to verify
the expression of this gene. Finally, we mined the public
databases and conduct a comprehensive analysis of
UBE2C expression based on in-house RNA-seq, in-
house IHC and public databases. An in silico method
was used to predict the upstream miRNAs and
IncRNAs of UBE2C to elucidate the molecular mech-
anism of UBE2C in ESCC. This study can provide new
ideas for the early diagnosis and clinical treatment of
ESCC.

Materials and methods

In-house RNA-seq

ESCC and control tissues were collected from 8 patients
with ESCC admitted to the First Affiliated Hospital of
GuangXi Medical University (China). Total RNA (in-
cluding mRNA and miRNA) was extracted from the col-
lected tissues, and the expression value data of RNA
were processed into the Transcripts Per Million (TPM)
and presented in log2 form. This study was approved by
the ethics committee of the First Affiliated Hospital of
Guangxi Medical University in accordance with the Dec-
laration of Helsinki, and each patient provided written
consent to participate.

Immunohistochemistry

The normal formalin fixed and paraffin-embedded
(FFPE) tissues of 162 cases of ESCC and of 162 paired
controls were obtained from Fanpu Biotech, Inc. This
study was approved by the ethics committee of the First
Affiliated Hospital of Guangxi Medical University, and
the written consent was obtained from each patient.
Each case was evaluated in a double-blinded manner by
two experienced pathologists. If the two pathologists’
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interpretations were inconsistent, the case was further
reviewed by a third pathologist. The positive controls
were required to show positive results, and the negative
controls were required to show negative result on each
test. The staining intensity was evaluated by light mi-
croscopy using a four-layer grading system of “no stain-
ing,” “weak staining,” “medium staining,” and “strong
staining,” corresponding to 0, 1, 2, and 3 points. At the
same time, the cell positive rate was scored according to
the following scoring criteria: 0 points = no cell staining;
1 point =0-25% cells stained; 2 points =26-50% cells
stained; 3 points = 51-75% cells stained; 4 points = over
76% cells stained. An immunoreactive scoring system of
0-12 points was constructed according to the intensity
and positive rate of cell staining determined by light mi-
croscopy. The relationship between UBE2C expression
and the pathological parameters was then analyzed.

RNA-seq and tissue microarray date in the universal
database

The results from the in-house ESCC tissue RNA-seq
and IHC were validated by downloading the esophageal
cancer dataset in the Cancer Genome Atlas (TCGA)
database from the UCSC Xena browser (https://xena.
ucsc.edu/), including the expression data for mRNA
(including IncRNA) and miRNA, as well as the clinical
follow-up information. We then discarded the samples
of esophageal adenocarcinoma, leaving only ESCC. To
make the results more reliable, we also included the
expression data for normal esophageal tissues in the
Genotype-Tissue Expression (GTEx) database for further
analysis.

We further expanded the sample size by obtaining the
RNA-seq and tissue microarray data for all mRNA,
miRNA, and IncRNA expressions in human ESCC tis-
sues and normal controls from the GEO, ArrayExpress,
SRA, and Oncomine databases and available literature.
The controls included tissues adjacent to ESCC, normal
esophageal tissue, or humoral tissue from ESCC patients
or healthy humans. The included tissue microarrays and
RNA-seqs were preprocessed, and the tissue microarrays
of the same platform were merged and batch processed.
The search keywords were “Esophageal cancer.” The fol-
lowing were the inclusion criteria: the expression data
(including the related mRNA, miRNA, or IncRNA) and
their annotation information from RNA-seq and tissue
microarrays must be available; the RNA-seq and tissue
microarrays must contain both ESCC tissue and control
tissues (adjacent tissue or healthy esophageal tissue) or
include the humoral tissues of patients with ESCC and
the humoral tissues of healthy people; the number of in-
cluded samples in both experimental and the control
groups must be 3 or more, or the total number of the
combined experimental groups and the control groups
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In-h RNA-seq

In-h IHC

8949 studies from GEO,
ArrayExpress, SRA, Oncomine and
General literature

8778 excluded By checking
titles, abstracts and deleting
duplicate studies

[ 171 studies were initially included

TCGA-GTEx

48 studies were included after the
full texts were checked in detail

123 excluded: 37 were non-
ESCC studies; 63 were in
vitro studies; 3 contained not
enough of the samples size;
20 had no RNA Expression
profile

The data from 27 studies were
downloaded for further analysis

21 excluded: 6 had no matrix
data; 8 could not be
annotated; 1 had too many NA
value; 2 were combination of
other studies; 4 had no
controls

1

21 studies included, including 16

mRNA/IncRNA and 5 miRNA studies

J

( *6 mRNA/IncRNA platforms
included: GPL570, GPL571, GPL96,

GPL10999, GPL13497, GPL13287
*5 miRNA platforms included:
GPL16543, GPL24967, GPL16770,

N

6 had no corresponding
mRNA, IncRNA and miRNA

Studies with the same
platform were merged

\_ GPL23365, GPL18402 )

UBE2C expression was evaluated by calculating SMD and sROC

Fig. 1 The flow chart of included studies

*GPL570 (merging by GSE45670, GSE77861, GSE26886, GSE69925, GSE100942, GSE33810, GSE17351); GPL571 (merging by GSE20347, GSE38129,
GSE29001, GSE33426); GPLI6 (GSE23400); GPL10999 (GSE32424); GPL13497 (GSE45168); GPL13287 (GSE70409)
*GPL16543 (GSE43732); GPL24967 (GSE114110), GPL16770 (GSE59973), GPL23365 (GSE112840), GPL18402 (GSE71043)

must be 3 or more; and the RNA-seq and tissue micro-
arrays must be based on human samples, not other ani-
mals. (Fig. 1). All the searching and inclusion work was
completed by two people independently.

The mRNA expression of UBE2C in ESCC cell lines

We downloaded the expression profile data for UBE2C
in esophageal cancer cell lines from the CCLE (the Can-
cer Cell Line Encyclopedia), and screened the expression
profiles of 27 esophageal cancer cell lines for further
analysis.

Copy number analysis of UBE2C

The underlying mechanism of the UBE2C gene mutation
is still unclear. Therefore, this study used the cBioPortal
database to perform copy number analysis for UBE2C in
the esophageal cancer dataset [9, 10]. Gene copy number
variation (CNV) detection is a method for detection of
the variations in large DNA sequences in the genome by
scanning a specific gene or the whole genome. The cBio-
Portal provides a visualization tool for research and ana-
lysis of cancer gene data to aid in understanding the
molecular data obtained from cancer tissue and cell
studies. In the present study, mutation data were

selected from total exome sequencing from 559 patients
with esophageal cancer from TCGA. The copy number
variation of UBE2C was then automatically analyzed and
the results were displayed directly on the web page.

Enrichment analysis

We identified the differentially expressed genes (DEGs)
between the cancerous tissue and the non-cancerous tis-
sue in all the ESCC microarray data (including mRNA,
miRNA and IncRNA) using the limma package of R soft-
ware, and the DEGs in the TCGA-GTEx combined
RNA-seq and the in-house RNA-seq using the R soft-
ware package edgeR and DESeq2. The cut-off value was
set to |log2FC| > 1, FDR < 0.05. Robust rank aggregation
(RRA) and artificial ranking was used to select DEGs
that appeared in at least two data sets as meaningful
DEGs. The relevant genes for UBE2C in ESCC tissues
were calculated using the Pearson correlation coefficient
and the relevant genes appearing in at least three data
sets were selected as the relevant genes of significance.
The thresholds were set as |Pearson’s r|>0.5 and p<
0.05. The selected DEGs and related genes were plotted
on a Venn map, and the genes at the intersection of the
two were analyzed using the clusterprofiler package of R
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software for Gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis.
The Protein-Protein Interaction (PPI) network was
mapped using the pathway genes of the first five path-
ways (with the lowest p values) in KEGG and visualized
by metascape combined with cytoscape software [11].

Prediction and validation of the ceRNA network

In this study, candidate miRNAs and IncRNAs were
screened by combining online prediction databases and
ESCC RNA-seq and tissue microarray data. We used 12
miRNA prediction tools (miRWalk, miRanda, miRDB,
miRNAMap, PITA, RNAhybrid, Microt4, mirbridge,
miRMap, Pictar2, RNA22, Targetscan) to predict up-
stream miRNAs of UBE2C. The predicted miRNAs and
the differential expressed miRNAs that appeared in
ESCC tissues in at least 2 datasets were selected for
intersection, and the intersecting miRNAs was selected
as candidate miRNAs. These candidate miRNAs were
then used to predict upstream IncRNAs through the
miRNet database. We then selected the intersection of
predicted IncRNA and differentially expressed IncRNA
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in ESCC as candidate IncRNAs. Finally, cytoscape soft-
ware was used to visualize the ceRNA network. The
binding sites of miRNAs to UBE2C and of miRNA to
IncRNA were obtained from the RNAhybrid database
and starbase database, respectively.

Statistical analysis

SPSS 17.0 software was used for all statistical analyses.
Student’s t test was used to analyze the UBE2C protein,
UBE2C mRNA, candidate miRNAs and candidate
IncRNAs expression values in ESCC tissues and non-
cancer tissues, as well as correlations with various clin-
ical parameters. We used the receiver operating charac-
teristic curve (ROC) and the area under the curve
(AUC) to assess the ability of UBE2C to distinguish
ESCC from non-cancerous tissue. (Note: the AUC
ranges between 0.5 and 1. An AUC closer to 1.0 indi-
cates a higher authenticity of the detection method. An
AUC between 0.5 and 0.7 indicates a low diagnostic ac-
curacy. An AUC between 0.7 and 0.9 indicates a certain
accuracy of the diagnosis and an AUC greater than 0.9
indicates a higher accuracy. An AUC of 0.5 indicates the
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Fig. 2 Violin plot of UBE2C mRNA and protein overexpression in ESCC tissues assessed by in-house RNA-seq, in-house IHC, TCGA-GTEx RNA-seq
and tissue microarray. a, Violin plot of UBE2C mRNA based on in-house RNA-seq; b, Violin plot of UBE2C protein based on in-house IHC; ¢, Violin
plot of UBE2C mRNA based on TCGA-GTEx RNA-seq; d-I, Violin plot of UBE2C mRNA based on tissue microarray




Li et al. BMC Cancer (2021) 21:996

lowest authenticity and has no application value.)
GraphPad Prism 8.0 software was used to draw violin
diagrams and ROC curves.

Comprehensive and systematic analysis of UBE2C,
candidate miRNAs and candidate IncRNAs expression
was conducted using Stata 15.0 software. This study in-
tegrated the tissue microarrays and RNA-seq data to
carry out the comprehensive analysis, using the stan-
dardized mean difference (SMD) and 95% confidence
interval (CI) to further compare the UBE2C, candidate
miRNAs and candidate IncRNAs expression in ESCC tis-
sues and non-cancerous tissue. A total SMD >0 and
95%CI >0 indicated upregulation of UBE2C, candidate
miRNAs and candidate IncRNAs expression in ESCC
compared with that in non-cancerous tissue. The specifi-
city, sensitivity, negative likelihood ratio, and positive
likelihood ratio were analyzed with the random effects
model. We integrated all the data to draw the sROC
curve for further clarification of the clinical diagnostic
value of UBE2C for ESCC. The heterogeneity was
expressed by Student’s t test. Values of p <0.05 or I* >
50% suggested that the results were heterogeneous and
that a random effects model was warranted. Values of
p>0.05 or I < 50% indicated no significant heterogeneity
of the results so a fixed effect model was used. Values of
p <0.05 were considered statistically significant.

GraphPad Prism 8.0 software was used to calculate the
Pearson correlation coefficient for the ESCC dataset in
the TCGA database and in house RNA-seq to verify the
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mRNA. A value of the correlation coefficient r between
0 and 1, with a value of p < 0.05, was considered to indi-
cate a statistically significant positive correlation; a value
of the correlation coefficient r between 0 and - 1, with a
value of p < 0.05, was considered to indicate a statisti-
cally significant negative correlation. A value of r= 0
was considered to indicate no correlation.

Survival analysis

The prognostic value of UBE2C in ESCC was analyzed using
the Kaplan-Meier (KM)-plotter database. The KM-plotter
can evaluate the effects of 54 K gene on the survival rate in
more than 20 cancer types. The system includes microarray
and RNA-seq data sources from the GEO and TCGA
databases. In this study, ESCC mRNA RNA-seq data from
the pan-carcinoma project in the KM-plotter database were
selected. The 95% confidence interval risk and logrank
p values of hazard ratio (HR) were then calculated automat-
ically and displayed directly on the web page. Values of the
logrank p < 0.05 were considered statistically significant [12].

Results

UBE2C mRNA levels indicated overexpression in in-house
RNA-seq

The average expression value of UBE2C mRNA was sig-
nificantly higher in ESCC (5.8418 + 0.56367) than in
control (2.2041 + 1.4291, p <0.001) tissues (Fig. 2a). The
AUC=1 (Fig. 3a) indicated that UBE2C had a high
diagnostic value in discriminating ESCC tissues from

correlations associated with IncRNA, miRNA, and non-cancerous tissues.
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Fig. 3 ROC curves of UBE2C mRNA and protein overexpression in ESCC tissues assessed by in-house RNA-seq, in-house IHC, TCGA-GTEx RNA-seq
and tissue microarrays. a, ROC curve of UBE2C mRNA based on in-house RNA-seq; b, ROC curve of UBE2C protein based on in-house IHC; ¢, ROC
curve of UBE2C mRNA based on TCGA-GTEx RNA-seq; d-I, ROC curve of UBE2C mRNA based on tissue microarrays




Li et al. BMC Cancer (2021) 21:996

UBE2C protein was overexpressed in ESCC tissues

The expression of UBE2C protein in ESCC and the rela-
tionship between UBE2C protein and UBE2C mRNA
overexpression were analyzed by immunohistochemistry
of 162 ESCC tissues and adjacent tissues. After removing
the fragments, 144 cancer cases and 142 paracancer con-
trol cases were finally obtained. Among 144 cases of
ESCC tissue, 104 (72%) showed positive expression of
UBE2C protein (with a specified score of more than 6
being positive, and a score of less than or equal to 6 be-
ing negative), whereas only 47 (33%) of 142 adjacent tis-
sues showed positive expression of UBE2C (p <0.001)
(Fig. 4a-d). Student’s t test revealed that the positive sig-
nal for UBE2C in ESCC was concentrated in the cyto-
plasm, with an average expression value (8.63889 +
2.47112) significantly higher than in than non-cancer tis-
sues (6.42958 + 1.77611, p < 0.001) (Fig. 2b). The AUC =
0.7567 (Fig. 3b), indicating that UBE2C protein and
mRNA were highly expressed in ESCC tissues.

UBE2C mRNA was overexpressed in ESCC tissues in public
data

The results of in-house RNA-seq and in-house IHC of
ESCC tissues were verified by comparison of expression
data from 82 ESCC cancer tissue samples and 1456 non-
cancerous esophageal tissue controls from the ESCC
dataset in the TCGA and the esophageal tissue in the
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GTEx. The average expression value of UBE2C was sig-
nificantly higher in ESCC tissues (11.984 + 0.874) than in
the control tissues (6.077 +3.351, p<0.001) (Fig. 2c).
The AUC was 0.9794 (Fig. 3c), indicating that UBE2C
could discriminate ESCC tissues from non-cancer
tissues. We further expanded the sample size and improved
the accuracy of the results, by including 15 tissue
microarrays with UBE2C expression (GSE45670 (GPL570),
GSE77861 (GPL570), GSE26886 (GPL570), GSE69925
(GPL570), GSE100942 (GPL570), GSE33810 (GPL570),
GSE17351 (GPL570), GSE20347 (GPL571), GSE38129
(GPL571), GSE29001 (GPL571), GSE33426 (GPL571),
GSE23400 (GPL96), GSE32424 (GPL10999), GSE45168
(GPL13497), GSE70409 (GPL13287)). For better analysis, we
merging the microarrays from the same platform. GPL570
was merged by GSE45670 (GPL570), GSE77861 (GPL570),
GSE26886 (GPL570), GSE69925 (GPL570), GSE100942
(GPL570), GSE33810 (GPL570), GSE17351 (GPL570),
GSE45670 (GPL570), GSE77861 (GPL570), GSE26886
(GPL570), GSE69925 (GPL570), GSE100942 (GPL570),
GSE33810 (GPL570) and GSE17351 (GPL570); GPL571 was
merged by GSE20347 (GPL571), GSE38129 (GPL571),
GSE29001 (GPL571) and GSE33426 (GPL571). The expres-
sion relationship of UBE2C in cancer tissues and control
tissues was demonstrated by drawing violin diagrams and
ROC curves. The average expression of UBE2C indicated
significantly overexpression in ESCC tissues compared to

Fig. 4 UBE2C protein overexpression in ESCC tissues assessed by in-house IHC. a-b, Normal esophageal tissue; c-d, ESCC tissue (400x)

~
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control tissues in the 6 data sets after merging the same
platform (Fig. 2d-i). The ROC curves of the six combined
data sets revealed 5 of 6 datasets with AUC > 0.9 (Fig. 3d-i),
suggesting significant differences in the expression of
UBE2C in the ESCC versus the control group, and that the
cancer tissues showed significantly high expression.

Comprehensive analysis confirmed the UBE2C is
overexpressed in ESCC

We integrated the RNA-seq and tissue microarray re-
sults from the public database (including 620 cases of
ESCC and 1687 cases of non-cancerous tissue), and
drew the combined SMD forest map and sROC curve.
The value of SMD was 2.05 (95%CI: 1.57-2.52, p<
0.001), the AUC of the sROC curve was 0.91 (95%CI:
0.88-0.93), the sensitivity was 0.96 (95%CI: 0.81-0.99),
and the specificity was 0.82 (95%CI: 0.73-0.89). We used
Egger’s test and Begg’s funnel plot to visualize publication
bias, but found no obvious publication bias for either the
Begg’s (p = 0.548) or Egger’s (p = 0.325) tests. UBE2C was
highly expressed in ESCC after comprehensive analysis)
(data showed in supplementary information).

We further examined the mRNA expression level of
UBE2C by combining the large throughput data from
the public data with our in-house RNA-seq data (a total
of 628 cancer tissues and 1695 healthy control tissues).
The SMD of UBE2C mRNA expression values was 2.13
(95%CI: 1.66-2.60, p <0.001), the AUC of sROC was
0.92 (95%CI: 0.90-0.94), the sensitivity was 0.96 (95%CI:
0.83-0.99), and the specificity was 0.84 (95%CI: 0.73—
0.90). Begg’s test (p =0.536), and Egger’s test (p = 0.201)
showed no obvious publication bias. Therefore, in ESCC
tissues, UBE2C mRNA was in a significantly upregulated
state. (data showed in supplementary information).

We conducted a comprehensive evaluation of the
UBE2C expression in ESCC by collecting the protein and
mRNA expression data (including in-house RNA- seq, in-
house IHC, TCGA-GTEx RNA-seq and tissue micro-
array), including 772 ESCC samples and 1837 control
samples, to calculate a combined SMD and sROC. The
heterogeneity among different research sources led us to
choose the random effects model. The pooled SMD of
UBE2C expression values was 1.98 (95% CI: 1.51-2.45,
p <0.001) (Fig. 5a), which indicated significant overexpres-
sion of UBE2C in ESCC tissues. Analysis of the diagnostic
test results shows that the AUC of the sSROC was 0.93
(95% CI: 0.90-0.95) (Fig. 5b), the sensitivity was 0.95
(95%CI: 0.81-0.99), and the specificity was 0.83 (95%CL:
0.72-0.90), indicating that UBE2C has a high accuracy in
the diagnosis of ESCC versus non-carcinoma tissues. The
sensitivity analysis shows no significant difference among
all datasets (Fig. 5¢). Funnel plot was used to calculate the
publication bias (Fig. 5d). The Begg’s test (p = 0.602) and
Egger’s test (p = 0.170) indicated no publication bias.
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UBE2C mRNA was expressed in esophageal cancer cell
lines

The 27 esophageal cancer cell lines screened from CCLE
(https://portals.broadinstitute.org/ccle) for further ana-
lysis of mRNA expression of UBE2C in ESCC all showed
UBE2C expression (Fig. 5e).

Correlation between UBE2C expression and the clinical
characteristics in ESCC

Analysis of the clinical data of 82 cases of ESCC in the
TCGA database revealed a significantly higher average
UBE2C mRNA expression in the population younger
than 60 or equal to 60 years old (12.2077 + 0.78864) than
that in persons elder than 60years old (11.6763 +
0.91481, p = 0.007). No significant correlation was noted
between UBE2C expression and other clinicopathologi-
cal parameters.

Results of survival analysis showed that ESCC patients
with high expression of UBE2C tended to have higher
overall survival (OS), and p value was not statistically
significant (Fig. 6a). Interestingly, through subgroup ana-
lysis of ESCC patients at different stages, we found that
in early stage of ESCC patients (stage II), patients with
high expression of UBE2C tended to have higher OS,
and p value was not statistically significant (Fig. 6b).
However, in advanced stage of ESCC (stage III), patients
with high expression of UBE2C had a lower five-year
survival rate, and p value was not statistically significant
(Fig. 6¢). This may indicate that UBE2C plays a different
role in different stages of ESCC. In addition, by analyzing
the relapse-free survival (RFS) of UBE2C in the ESCC
dataset, we found that ESCC patients with high expression
of UBE2C tended to have a lower risk of recurrence, and
the p value was not statistically significant (Fig. 6d-e).

Analysis of the UBE2C copy number

The copy number analysis of UBE2C in the esophageal
cancer dataset showed that UBE2C was amplified in 32
(6%) of 559 cases (Fig. 8d).

Functional analysis for the DEGs of ESCC and UBE2C
related-genes

The mechanism of UBE2C in ESCC was further ana-
lyzed by selecting 4976 genes significantly differentially
expressed in ESCC and 1632 genes significantly related
with UBE2C by RRA combined with artificial ranking.
Ultimately, 890 genes (the intersection of DEGs and
UBE2C related genes) (Fig. 8c) were selected for GO and
KEGG analysis. The GO analysis showed that the bio-
logical processes of DEGs and UBE2C related genes
were focused primarily on DNA replication, chromo-
some segregation, and mitotic nuclear division (Fig. 7a).
The main cellular components included the chromo-
somal region, chromosome, centromeric region,
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condensed chromosome spindle, and kinetochore (Fig.
7b). The molecular functions included ATPase activity,
DNA-dependent ATPase activity, ATPase activity,
coupled catalytic activity acting on DNA, and damaged
DNA binding (Fig. 7c). The KEGG pathway analysis in-
dicated that these genes were mainly involved in
pathways such as the cell cycle and DNA replication
(Fig. 7d). The PPI results of the first five KEGG pathway
proteins (Table 1) showed that UBE2C mainly

influenced the biological function of esophageal cancer
by synergistic effects with CDK1, PTTG1, and SKP2 (all
three are involved in the cell cycle pathway) (Fig. 8a-b).

Prediction of miRNA and IncRNA

The potential miRNAs upstream of UBE2C were
explored using a variety of miRNA online databases
(miRWalk, miRanda, miRDB, miRNAMap, PITA, RNA-
hybrid, Microt4, mirbridge, miRMap, Pictar2, RNA22,
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Targetscan). The predicted miRNAs were intersected with the
differential miRNAs in at least two miRNA datasets among
TCGA, GPL16543 (GSE43732), GPL18402 (GSE71043),
GPL23365 (GSE112840), GPL24967 (GSE114110), and
GPL16770 (GSE59973). The 14 miRNAs obtained in
the intersection were used to predict the upstream
IncRNAs through the miRNet database (Fig. 9a) and
intersected with the differentially expressed IncRNAs
in the ESCC datasets (Fig. 9b) (including the
combined TCGA-GTEx, GPL570, GPL571, GPLI9%6
(GSE2340), GPL10999 (GSE32424), GPL13497
(GSE45168), GPL13287 (GSE70409), and GPL13607
(GSE45350). Finally, six candidate IncRNAs were obtained
(Table 2).

Construction of the ceRNA network

The possible targeting relationship among IncRNA,
miRNA, and UBE2C in ESCC tumor tissue was further
clarified by calculating the combined SMD of the
candidate miRNA and IncRNA expression values. We
narrowed the scope by choosing miRNAs that were
negatively correlated with UBE2C expression as an ex-
ample, and we found that only HCP5/has-miR-139-5p/

UBE2C expression showed a consistent relationship. In
addition, the binding sites of hsa-miR-139-5p and
UBE2C were obtained from RNAhybrid database (Fig.
9¢), and of hsa-miR-139-5p and HCP5 were from
Starbase database (Fig. 9d).

The pooled SMD of IncRNA HCP5 in ESCC was 1.32
(95%CI: 0.78-1.87, p<0.001, using the random effects
model) (Fig. 10a), indicating that IncRNA HCP5 was
highly expressed in ESCC. The pooled SMD of miRNA
hsa-miR-139-5p in ESCC tissue was — 1.61 (95%CI: — 3.20
to - 0.02, p < 0.001, using the random effects model). The
SMD of miRNA hsa-miR-139-5p expression in human
tissues (including cancer tissues and body fluids of ESCC
patients) was - 1.15 (95% CI: — 2.06—0.23, p < 0.001, using
the random effects model) (Fig. 10b), indicating that
miRNA hsa-miR-139-5p was downregulated in ESCC
tissues.

The results of correlation analysis based on TCGA
suggested a significant positive correlation between
IncRNA HCP5 and mRNA UBE2C (Pearson r= 0.3854,
p =0.0002) (Fig. 10c) and a significant negative correl-
ation between miRNA hsa-miR-139-5p and mRNA
UBE2C (Pearson r=-0.5738, p<0.0001) (Fig. 10d), as
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well as IncRNA HCP5 (Pearson r= 0.2149, p = 0.0408)
(Fig. 10e). Moreover, the UBE2C and hsa-miR-139-5p
analysis based on in-house RNA-seq showed that the
average expression value of UBE2C mRNA was signifi-
cantly higher in ESCC (5.8418 + 0.56367) than in control
(2.2041 £ 1.4291, p<0.0001) tissues. And the average

Table 1 Genes for the top five KEGG pathways

expression value of hsa-miR-139-5p miRNA was signifi-
cantly lower in ESCC (13.3007 + 1.0573) than in control
(15.2635 £ 0.6011, p< 0.001) tissues. The correlation
analysis suggested a significant negative correlation
between UBE2C and hsa-miR-139-5p (Pearson r = —0.5788,
p=0.0188). (Fig. 1la-c) This was basically consistent

KEGG pathways Gene symbol

Cell cycle BUB1B, CCNA2, CCNB1, CCNB2, CDC20, CDC258, CDC25C, CDC6, E2F3, MAD2L1T, MCM2, MCM3, PLK1, PRKDC, TTK, BUBT,
CCNE2, CDC45, CDC7, CDK1, CHEK1, CHEK2, DBF4, E2F1, MAD1L1, MAD2L2, MCM4, MCM5, MCM6, MCM7, PCNA, PKMYTT,
RBL1, SKP2, GSK3B, ATR, STAG2, PTTGT, STAGT, CDC25A, CDK2, CDK4, ORC1

DNA replication RFC4, DNA2, MCM2, MCM3, RNASEH2A, FENT1, LIG1, MCM4, MCM5, MCM6, MCM7, PCNA, POLD1, PRIM1, PRIM2, RFC3, RPA3,
RFCS5, RFC2, POLA2, POLE3

Mismatch repair RFC4, EXO1, MSH6, LIG1T, PCNA, POLD1, RFC3, RPA3, RFC5, RFC2, MSH2

Homologous BLM, BRCA1, RAD51, XRCC2, EMET, PALB2, POLD1, RAD54B, RAD54L, RBBP8, RPA3, TOPBP1, BRCA2, BRIP1

recombination

Fanconi anemia FANCA, UBE2T, BLM, BRCAT1, FANCI, RAD51, EMET, FANCG, PALB2, RPA3, BRCA2, RMI1, ATR, BRIP1, FANCL, USP1

pathway
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with the correlation results of UBE2C and hsa-miR-
139-5p in TCGA (Pearson r = — 0.5738, p < 0.0001).

Discussion

Our analysis of the expression of UBE2C in 772 ESCC
tissue samples and 1837 non-cancerous tissue control
samples, which is the largest sample size analyzed to
date, confirmed a significantly high expression of UBE2C
in ESCC tissue. We also verified IncRNA HCP5 expres-
sion in 624 ESCC tissues and 1691 non cancer control
tissues. In the same way, miRNA hsa-miR-139-5p was
verified in 119 ESCC human tissues and 199 healthy
controls. Together with our GO and KEGG analysis of
UBE2C related genes and ESCC differential genes, we
were able to construct a ceRNA network related to
UBE2C in ESCC. Based on our findings, we speculate
that this ceRNA axis consisting of HCP5/hsa-miR-139-
5p/UBE2C may exist in ESCC. That is, IncRNA HCP5,
as a competitive endogenous RNA, adsorbs the hsa-miR-
139-5p miRNA, thereby regulating the downstream
UBE2C and affecting the biological function of ESCC.
Of course, this hypothesis needs further experimental
confirmation.

Esophageal cancer is particularly prevalent in China,
and ESCC is the most common pathological type. The
early symptoms of ESCC are insidious and difficult to
detect, and most patients seek medical help due to dys-
phagia. Unfortunately, this only occurs during the mid-
dle and advanced stages of ESCC, so the first diagnosis
occurs at a late stage [13]. The treatment of esophageal
cancer is mainly based on a combination of traditional
surgery and radiotherapy/chemotherapy. Some new pro-
gress has been made in multidisciplinary comprehensive
treatment and imaging diagnosis in recent years, but the
5-year survival rate for esophageal cancer is much lower
than 30% due to its invasiveness and pronounced metas-
tasis ability, as well as the difficulty in early diagnosis [2,
14, 15]. UBE2C is generally considered as an important
tumor biomarker, as it is overexpressed in breast cancer,
thyroid cancer, lung cancer, gastric cancer, and other
tumor tissues, but shows low expression in normal
tissues. The expression level of UBE2C has also been
related to the aggressiveness of the tumor [3]. A
higher UBE2C expression generally predicts a lower
survival rate and a higher risk of recurrence. High
UBE2C expression has also been was associated a
highly malignant tumor phenotype [16—19]. However,
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research on UBE2C in ESCC has not been sufficiently
comprehensive.

The integration of large numbers of sample data in the
present study confirmed the high expression of UBE2C

Table 2 putative miRNA and IncRNA I A >
in ESCC, as well as a significant correlation between ex-

utative miRNA utative miRNA utative IncRNA . .
P P id pression and gender (The expression level of UBE2C
hsa-miR-4419b hsa-miR-671-5p HCP5 s e . . .
was significantly higher in males than in females). Inter-
hsa-miR-378g hsa-miR-290-2-5p MALATI estingly, several studies have verified the expression level
hsa-miR-3154 hsa-miR-139-5p HOTAIR of UBE2C in ESCC through various detection methods.
hsa-miR-663b hsa-miR-1 CBR3-AST For instance, Palumbo et al. demonstrated an upregu-
hsa-miR-143-3p hsa-miR-143-5p LINC00707 lated expression of UBE2C mRNA and protein in ESCC
hsa-miR-486-3p hsa-miR-133b PITPNA-AST tissues through qRT-PCR and immunohistochemical
analysis of ESCC and control tissue specimens and fur-
hsa-miR-92b-3p hsa-let-7d-3p

ther confirmed, with in vitro experiments, that UBE2C
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affected the proliferation of ESCC cells by interfering
with the level of cyclin Bl [4]. Similarly, Nicolau-Neto
et al. proposed that the expression of UBE2C in ESCC
may be regulated by transcription factor FOXM1 and
that upregulation of UBE2C may affect the occurrence
of tumors by acting on cell cycle pathways, a common
phenomenon in human tumors [20]. Another in vitro

study confirmed that UBE2C knockdown significantly
inhibited proliferation and induced apoptosis of the TE1
esophageal cancer cell line [21]. These previous studies
further confirm the reliability of our results. In addition,
through the survival analysis of UBE2C in the ESCC
dataset, we found that UBE2C is likely to play different
roles in different stages of the ESCC. Moreover, a 6%
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copy number amplification of UBE2C gene was ob-
served, although no correlation between amplification
and prognosis was found. We speculate that UBE2C can
be used as a diagnostic and prognostic indicator to assist
in the early diagnosis and assessment of ESCC patients.

Several studies have confirmed the significantly high
expression of UBE2C in ESCC, but the role of UBE2C in
ESCC has not yet been determined. In the present study,
RRA combined with artificial ranking was used to select
the intersections of ESCC differential genes and UBE2C
related genes for GO and KEGG analysis. Construction
of a PPI network graph indicated that UBE2C may syn-
ergistically regulate the cell cycle pathway through
PTTG1, CDK1 and SKP2 (proteins of the cell cycle
pathway) and that this may be the mechanism by which
UBE2C performs its multifunctional and key biological
functions in ESCC. Tumors are characterized by abnor-
mal growth and uncontrolled proliferation of cells and
the abnormalities of cell proliferation, differentiation,
and apoptosis are all involved in the occurrence and de-
velopment of tumors. The cell cycle is a continuous and
accurate process, so cell cycle disorder is the most im-
portant mechanism of tumor formation. The current
viewpoint is that UBE2C mainly influences the occur-
rence and development of tumors by participating in cell
cycle pathways [4, 20-23]. Consequently, UBE2C may
also participate in the occurrence and development of
ESCC through regulation of cell cycle pathways.

In recent years, increasing evidence has pointed to
IncRNAs, miRNAs, and other non-coding RNAs as key
regulators of various biological processes and have pos-
tulated a post-transcriptional regulatory role in control-
ling cell differentiation, gene expression, cell cycle,
apoptosis, and other functions driving the pathogenesis
of tumors [24]. The competing endogenous RNA
(ceRNA) hypothesis has since revealed a brand new
regulatory mechanism for gene expression, with IncRNA,
miRNA, and mRNA as important components that
interact with each other through microRNA response
elements (MREs). The target mRNAs of miRNAs are a
class of RNA that can encode proteins. The 3'-UTR of
mRNA mostly contains highly conserved regions bound
to miRNA seed sequences and can therefore be regu-
lated by miRNAs. Although IncRNA cannot encode pro-
teins, it can be used in ceRNA networks to compete
with mRNA in binding the same miRNA, thereby regu-
lating the target gene [5].

The ceRNA hypothesis has attracted the attention of
many scholars and researchers since it was first pro-
posed. Currently, ceRNA is regarded as a biomarker of
cancer, as a growing body of evidence suggests that
ceRNA, consisting of IncRNA/miRNA/mRNA networks,
plays key roles in a variety of human cancers, including
breast, stomach, liver, and pancreatic tumors [25]. The
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findings of the present study now indicate an involve-
ment of ceRNA in ESCC as well.

A new triple regulation network of IncRNA/miRNA/
mRNA was successfully constructed in the present study
by combining multiple miRNA and IncRNA online pre-
diction databases with tissue microarrays and RNA-seq
data. In this regulatory network, miRNA is significantly
down-expressed in both ESCC cancer tissues and human
tissues (including humoral tissues) from ESCC patients.
In addition, IncRNA HCP5 was significantly positively
correlated with UBE2C mRNA in this network, and both
were significantly negatively correlated with miRNA.
Interestingly, HCP5 has been reported as a ceRNA with
involvement in the development of lymphoma [26], oral
squamous cell carcinoma [27], breast cancer [28], laryn-
geal squamous cell carcinoma [29], and prostate cancer
[30].

Other studies have also shown that the expression of
has-miR-139-5p is downregulated in ESCC tissues, sug-
gesting that it may be a promising biomarker for early
screening of high-risk groups and for early detection of
ESCC [31]. Interestingly, Shuo has also confirmed in his
doctoral thesis that the expression of has-miR-139-5p
was downregulated in ESCC tissues. Overexpression of
mir-139-5p was shown to inhibit the proliferation of
ESCC cells, to lead to cell cycle arrest, to inhibit the mi-
gration and invasion of tumor cells, and to inhibit tumor
formation in nude mice. This evidence further enhances
the reliability of the results of this study. However, one
point to consider regarding the present study is that the
ceRNA hypothesis indicates that the expression level of
miRNA may be upregulated, downregulated, or un-
changed. In order to narrow the scope, miRNA with sig-
nificantly downregulated expression level in ESCC was
selected in the present study to construct the ceRNA
network, but this does not mean that other regulatory
axes do not also exist. We speculate that a HCP5/has-
miR-139-5p/UBE2C axis may also exist in ESCC.
LncRNA HCP5 can bind to has-miR-139-5p through
miRNA regulatory elements and play a sponge-like role
in absorbing miRNAs, thereby releasing the inhibition of
miRNAs on the target UBE2C gene and affecting the
occurrence and development of ESCC. However, the
results need to be confirmed by further in vitro
experiments.

In addition, our study has some limitations. One is
that the researchers who conducted the included studies
did not agree on the location of UBE2C expression or
on the evaluation, test methods, and defined values of
positive and negative, which may affect the accuracy of
our results. A second limitation is that although our re-
sults were obtained by integrating and analyzing a large
number of existing data and combining the in-house
immunohistochemistry and RNA-seq data of ESCC
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patients with a high degree of credibility, we still need
further in vivo or in vitro experiments to study its func-
tion. Another limitation was that fluid detection has the
potential to help the early diagnosis of tumors; therefore,
expression of UBE2C in the body fluids of ESCC patients
and non-ESCC healthy people needs to be further stud-
ied. A fourth limitation is that although the ceRNA axis
constructed in this study is based on the expression of
IncRNA, miRNA and mRNA in ESCC, as well as in
silico analysis, which has high reliability, further in vitro
and in vivo experimental verification is still needed to
provide a more reliable basis for future research and
clinical practice.

Conclusion

In summary, this study indicates that UBE2C is overex-
pressed in ESCC tissues and that the high expression of
UBE2C may influence the biological function of ESCC
by regulating the cell cycle. We also constructed a
UBE2C-related ceRNA network for ESCC (HCP5/hsa-
miR-139-5p/UBE2C). Our study may provide new strat-
egies for the clinical diagnosis and treatment of esopha-
geal cancer.
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