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Abstract

Background: The diverse and complex attributes of cancer have made it a daunting

challenge to overcome globally and remains to endanger human life. Detection of

critical cancer-related gene alterations in solid tumor samples better defines patient

diagnosis and prognosis, and indicates what targeted therapies must be administered

to improve cancer patients' outcome.

Materials and methods: To identify genes that have aberrant expression across dif-

ferent cancer types, differential expressed genes were detected within the TCGA

datasets. Subsequently, the DEGs common to all pan cancers were determined. Fur-

thermore, various methods were employed to gain genetic alterations, co-expression

genes network and protein–protein interaction (PPI) network, pathway enrichment

analysis of common genes. Finally, the gene regulatory network was constructed.

Results: Intersectional analysis identified UBE2C as a common DEG between all

28 types of studied cancers. Upregulated UBE2C expression was significantly corre-

lated with OS and DFS of 10 and 9 types of cancer patients. Also, UBE2C can be a

diagnostic factor in CESC, CHOL, GBM, and UCS with AUC = 100% and diagnose

19 cancer types with AUC ≥90%. A ceRNA network constructed including UBE2C,

41 TFs, 10 shared miRNAs, and 21 circRNAs and 128 lncRNAs.

Conclusion: In summary, UBE2C can be a theranostic gene, which may serve as a reli-

able biomarker in diagnosing cancers, improving treatment responses and increasing

the overall survival of cancer patients and can be a promising gene to be target by

cancer drugs in the future.
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1 | INTRODUCTION

The diverse and complex attributes of cancer have made it a daunting

challenge to overcome globally and remains to endanger human life.

As a leading cause of mortality, each year new cases are added,Arvin Shahmoradi and Fatemeh Pashizeh contributed equally to this work.
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intensifying the burden of the disease. The annual prevalence of

cancer was approximately 20 million newly affected cases in 2020,

resulting in the deaths of almost 10 million people, and it is antici-

pated to increase by nearly 50% over the next two decades.1

Despite advances in treatment, accelerated incidence rates indi-

cate that more cancer preventive measures should be implemented

to counteract the detrimental impacts of cancer on patients' sur-

vival. Therefore, the identification of specific and sensitive bio-

markers for the diagnosis and treatment of cancer can improve

timely diagnosis, develop tailored therapy and improve overall

patient outcomes.

Since the underlying molecular mechanisms and genetic changes

involved in the development and progression of various types of can-

cer are very heterogeneous, investigating cancer pathogenesis is very

challenging. Numerous etiologic factors affecting cancer pathogenesis

including genetic alterations and epigenetic modifications that involve

gene mutation and methylation lead to cancer initiation and progres-

sion.2 Therefore, acquiring a thorough comprehension of cancer path-

ogenesis at the molecular level is essential in order to improve

designing novel preventive or therapeutic approaches for better

cancer management.

As a ubiquitous tool in molecular biology, RNA sequencing has

been introduced as a novel method, which enables researchers in

many aspects of cancer research studies and provides insight into the

detection of genomic aberrations and transcript isoforms such as

mutation and copy number alteration. It also facilitates the

identification of alternative gene-spliced transcripts, posttranscrip-

tional modifications, and gene expression alternations.3,4 In recent

years, next-generation sequencing (NGS) technology with high accu-

racy and sensitivity has played an essential role in the understanding

of the altered genetic pathways involved in human cancer and

genome sequencing has made simultaneous screening of several

mutated genes in multiple cancers feasible.5 Detection of critical

cancer-related gene alterations in solid tumor samples better defines

patient diagnosis and prognosis, and indicates what targeted thera-

pies must be administered to improve cancer patients' outcome.6

Many studies have enumerated NGS applications for analysis of

genetic variation and tumor mutation burden in various solid tumors

such as colorectal cancer, gastric cancer, and breast cancer.7–9

Although all cancers are molecularly distinct, many share common

driver mutations.

Pan-cancer analysis employs NGS for examination of frequently

mutated genes and other genomic abnormalities that are common

among many cancer types, regardless of the tumor origin.10 Interest-

ingly, pan-cancer analysis has revealed that some cancers arising from

different organs exhibit molecular similarities, while certain cancers orig-

inating from the same tissue can have distinct genomic profiles.11,12

Numerous studies have been conducted to explore the expression level

of one specific gene in various cancers.13–15 Recently, the prognostic

significance, and immunological functions of ubiquitin-conjugating

enzyme 2C (UBE2C) has been studied across various tumor types.16,17

In the current study, we aimed to detect differentially expressed

gene among various cancer types. We also examined the candidate

gene prognostic/diagnostic value, its correlation with immune signa-

tures, and the associated competing endogenous RNA (ceRNA) net-

work. Our study highlights the clinical significance and potential

regulatory mechanisms of UBE2C as an upregulated biomarker in

approximately all types of tumors. These findings suggest that target-

ing UBE2C could enhance the effectiveness of cancer therapies

beyond a single cancer type, particularly in tumors with a similar

genetic profile.

2 | MATERIALS AND METHODS

Initially, we identified DEGs in pan-cancers using TCGA datasets.

Next, we determined DEGs shared across all cancers. We employed

diverse techniques to uncover genetic alterations, co-expression gene

networks, protein–protein interaction (PPI) networks, correlations

with immune related gene signatures, enriched pathways, and protein

profiles. Lastly, we constructed a competing endogenous RNA

(ceRNA) network involving long noncoding RNA (lncRNA), micro

RNA (miRNA), circular RNA (circRNA), and mRNA interactions

(Figure 1).

2.1 | Identification of differentially
expressed genes

The GEPIA2 platform (http://gepia2.cancer-pku.cn/)18 was utilized to

identify differentially expressed genes (DEGs) that are associated with

pan cancers among the high throughput RNA-Seq data. The data

was obtained from TCGA and GTEx database, which have tumor

tissues, adjacent normal tissues, and normal tissues in normal indi-

viduals. In this study, DEGs that exhibited upregulation or downre-

gulation pattern, with an absolute value of jlog2 Fold Change (FC)j
>1 and an adjusted p-value <.01, were considered statistically

significant.

2.2 | Investigating diagnostic and prognostic value
of the candidate common gene

To assess the diagnostic properties of the identified common differen-

tially expressed gene, the gene expression data was extracted from

the OncoDB database (https://oncodb.org/), which provides TCGA

data.19 Subsequently, sensitivity, specificity, and the Area under the

Receiver Operating Characteristic Curve (AUC) were computed to

determine the diagnostic efficacy of the common DEG for distinguish-

ing between tumor tissues and their normal counterparts. This evalua-

tion was performed using the biomarker analysis tools available at

https://analysistools.cancer.gov/biomarkerTools. Additionally, the

prognostic values of the candidate gene were examined thorough sur-

vival analyses using GEPIA2 database pan cancer TCGA data; both

tumor and adjacent normal tissues were utilized to perform the

analysis.
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2.3 | Co-expression analysis and PPI network

In the present study, the LinkedOmics tool20 was used to obtain posi-

tively and negatively correlated genes with the identified common DEGs

in the candidate cancers. In addition, we employed the STRING database

(https://string-db.org) to construct a PPI network for the common DEGs,

which was subsequently visualized using the Cytoscape software (version

3.9.1; https://cytoscape.org). Additionally, the GEPIA2 database was uti-

lized to identify the top genes that exhibit a similar expression pattern to

the common DEGs.18 Subsequently, an intersection analysis was con-

ducted to determine the proteins that interact with common DEGs and

the top 100 genes with a similar expression pattern.

2.4 | Gene set enrichment analysis

To assess the functional annotation and pathway enrichment of the

common DEGs, we conducted a gene enrichment analysis using

the Enrichr database (https://maayanlab.cloud/Enrichr/).21 This invol-

ved evaluating the gene oncology (GO) categories, which encompass

biological processes (BP) and molecular functions (MF), as well as

examining the Kyoto Encyclopedia of Genes and Genomes (KEGG).

The enrichment analyses were conducted by considering the common

DEGs and their associated genes.

2.5 | Genetic alteration

The cBioPortal (https://www.cbioportal.org/) was used to obtain

the genetic alteration data of common DEGs. The cBioPortal is a

comprehensive online platform designed to allow exploration,

visualization, and analysis of multidimensional cancer genomics

data.22 In this study, we utilized the “Cancer Types Summary”
module within cBioPortal to access information on the alteration

frequency, mutation type, and copy number alteration of the

common DEGs across all 33 tumors in the TCGA dataset.

F IGURE 1 Study workflow for pan-cancer analysis of UBE2C. After intersectional analyzing of TCGA cancer types, UBE2C was found as a
gene, which is significantly differentiated in all 28 types of cancer. Then, via various bioinformatics databases, we comprehensively and
systematically studied the roles of UBE2C in all types of cancer.
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Specifically, by selecting the “TCGA Pan Cancer Atlas Studies”
within the “Quick select” section, we were able to query and

identify the genetic alteration characteristics specific to the

common DEGs.

2.6 | Protein expression profiling

To demonstrate the manner, in which mRNA of common DEGs and

protein expression data can vary across diverse classifications of

human cancers the human protein atlas (HPA) database (https://

www.proteinatlas.org) was employed. Moreover, supplementary

immunohistochemistry images of common DEGs encoded proteins

derived from cancerous tissues were also acquired for further investi-

gation. Further, we obtained pan-cancer protein expression of

selected DEGs in tumor tissue from different cancers and in adjacent

normal tissues, the Clinical Proteomic Tumor Analysis Consortium

(CPTAC) module of UALCAN was utilized (http://ualcan.path.uab.

edu/analysis.html).

2.7 | Immune interactions

This study focuses on examining the correlations between the expres-

sion of common DEGs and immune-related indicators pertaining to

immune cells, immunoinhibitory and immunostimulatory factors, and

HLA molecules in the context of human cancers using TISIDB. [40].

2.8 | Transcription factor, miRNA, lncRNA, ceRNA,
and ceRNA network

Bioinformatics online tool hTFtarget (http://bioinfo.life.hust.edu.cn)

has compiled detailed transcription factor (TF)—target regulations

from massive ChIP-Seq data of human TFs.23 In this study, hTFtarget

was utilized to identify TFs of Common DEGs. Tfcancer is an

online tool, which includes 3136 experimentally supported associ-

ations between 364 TFs and 33 TCGA cancers by manually curat-

ing more than 1800 studies.24 We used Tfcancer database to

validate the results from hTFtarget. Detecting of the miRNAs tar-

geting common DEGs was conducted using miRTarBase, an inte-

grated web database for determining miRNA-target interactions.25

Furthermore, to identify lncRNAs associated with the DEGs

miRNAs, the miRNet database, a miRNA-centric network visual

analytics platform (https://www.mirnet.ca/) was utilized. To iden-

tify circRNAs that regulate common DEGs, circBank database26

was utilized. CircRNAs with Tot score >1000 were selected for

further analysis. Using Cytoscape,27 a ceRNA network was estab-

lished, encompassing common DEGs, their TFs, miRNAs targeting

DEGs, and lncRNAs and circRNAs, which act as sponges for the

identified miRNAs. Also, hub nodes of UBE2C ceRNA network

were identified utilizing plug-in Centiscape 2.2.

3 | RESULTS

3.1 | Pan-cancer gene expression analysis
determined UBE2C as a common differentially
expressed gene positively correlated with cancer stage

Out of the 33 cancers in the TCGA datasets, by q-value

cutoff = 0.01 and jLogFCj cutoff >1, cholangiocarcinoma (CHOL),

Mesothelioma (MESO), pheochromocytoma and paraganglioma

(PCPG), sarcoma (SARC), and uveal melanoma (UVM) did not meet

these criteria and were therefore excluded from the subsequent

analysis. The remaining 28 cancers-associated DEGs were

selected for further investigation. Intersectional analysis identi-

fied UBE2C as a common DEG between all 28 types of studied

cancers. Pan-cancer analysis was performed to compare expres-

sion levels of the UBE2C gene between tumor and normal tissues.

By q-value cutoff = 0.01 and jLogFCj cutoff = 1, UBE2C gene was

upregulated in 28 types of cancer (Figure 2A). Also, “Expression
Analysis-Box Plots” module showed that by p-value cutoff = 0.01

and jLogFCj cutoff = 1, among 31 types of cancers, UBE2C was

upregulated in 30 cancers (Supplementary Figure 1). The differen-

tial expression of UBE2C in different tumor types suggested that

UBE2C has various regulatory mechanisms in different tumor

types. Furthermore, UBE2C pan-cancer Stage plot analyzing

was performed. There was a significant correlation between

UBE2C expression level and the pathological stages of cancers

including adrenocortical carcinoma (ACC, p-value = .00035), Breast

Cancer (BRCA, p-value = .00126), Kidney Chromophobe

(KICH, p-value = 9.68e-05), Kidney renal clear cell carcinoma

(KIRC, p-value = 2.92e-15), Kidney renal papillary cell carcinoma

(KIRP, p-value = 1.36e-16), Liver hepatocellular carcinoma (LIHC,

p-value = 1.62e-5), Lung adenocarcinoma (LUAD, p-value = .00245),

Lung squamous cell carcinoma (LUSC, p-value = .442), Pancreatic

adenocarcinoma (PAAD, p-value = .0267), Tenosynovial giant

cell tumor (TGCT, p-value = .0486), and Thyroid carcinoma (THCA,

p-value = .00134) (Figure 2B).

3.2 | UBE2C expression is correlated with poor
prognosis

Pan-cancer prognostic value of UBE2C was investigated

using dataset from GEPIA2. Upregulated UBE2C expression was

significantly correlated with poor prognosis and Overall

survival (OS) of patients with ACC, BRCA, KIRC, KIRP, Low grade

glioma (LGG), LUAD, MESO, PAAD, and Skin cutaneous

melanoma (SKCM) (Figure 3A). Also, upregulated UBE2C expres-

sion was significantly correlated with poor prognosis and

disease free survival (DFS) of patients with ACC, KIRC, KIRP, LGG,

LIHC, MESO, PAAD, Prostate adenocarcinoma (PRAD), THCA,

Uterine corpus endometrial carcinoma (UCEC), and UVM

(Figure 3B).
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F IGURE 2 UBE2C gene expression in different tumors and pathological stages. (A) UBE2C gene expression pan cancer analyzing showed that
UBE2C was upregulated in 28 types of cancer. (B) Using TCGA data, UBE2C expression level was significantly correlated with pathological stages
of cancers including ACC, BRCA, KICH, KIRC, KIRP, LIHC, LUAD, LUSC, PAAD, TGCT, and THCA.
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3.3 | UBE2C plays as a diagnostic factor

To study the diagnostic value of UBE2C in different cancers, expres-

sion levels of UBE2C in cancer and normal patients in different can-

cers were retrieved using OncoDB database. Receiver operating

characteristic (ROC) curve of UBE2C in various cancers showed that

UBE2C can be a diagnostic factor in cervical squamous cell carcinoma

(CESC, AUC = 100%), CHOL (AUC = 100%), glioblastoma (GBM,

AUC = 100%), uterine carcinosarcoma (UCS, AUC = 100%), ACC

(AUC = 93.9%), bladder urothelial carcinoma, (BLCA, AUC = 94.6%),

BRCA (AUC = 97%), COAD (AUC = 97.9%), Esophageal carcinoma

(ESCA, AUC = 95.7%), KICH (AUC = 95.9%), KIRC (AUC = 94.2%),

F IGURE 3 The correlation between
UBE2C gene expression and prognosis of
patients with different tumors. There was
a significant correlation between
upregulated UBE2C expression and
Overall survival (A) and Disease-free
survival (B) of patients with tumors.
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KIRP (AUC = 94%), LGG (AUC = 95.9%), LIHC (AUC = 97.5%), LUAD

(AUC = 97.7%), LUSC (AUC = 99.8%), ovarian serous cystadenocarci-

noma (OV, AUC = 99.8%), PAAD (AUC = 99.2%), rectum adenocarci-

noma (READ, AUC = 98.9%), SKCM (AUC = 90%), stomach

adenocarcinoma (STAD, AUC = 94.5%), TGCT (AUC = 99.2%), and

UCEC (AUC = 97.3%) (Supplementary Figure 2).

3.4 | CDCA3 defined as a UBE2C consistently co-
expressed gene across 30 cancer types

UBE2C co-expressed genes in different types of cancer were

retrieved using LinkedOmics [30]. Furthermore, by intersectional anal-

ysis common genes, which strongly correlated with selected DEGs

(rho >0.6) in all types of cancer were identified. CDCA3 was found as

a UBE2C correlated gene, which is common in 30 types of TCGA can-

cers (Supplementary File 1). By using STRING database, a network of

10-UBE2C binding protein interactions was constructed (Figure 4A).

The network had 11 nodes and 52 edges. Furthermore, top 100 genes

that had similar expression pattern with UBE2C expression were

selected using GEPIA2. Three genes including CDC20, CCNA2, and

CDK1 were found as common genes between UBE2C similar

and interacted genes (Figure 4B).

GO and KEGG pathway enrichment analysis showed that UBE2C

and its interacting genes significantly enriched in 21 Biological pro-

cesses (BPs) and 4 Molecular functions (MFs) and 4 KEGG pathways

(q-value <0.01) (Table 1). The most significant biological process and

molecular function were receptor Anaphase-Promoting Complex-

Dependent Catabolic Process (GO:0031145; q-value = 1.33E-24,

RF = 0.44), and Ubiquitin-Like Protein Transferase Activity

(GO:0019787; q-value = 0.005, RF = 0.0125). Further, the most signifi-

cant KEGG pathway was Cell cycle (q-value = 5.07E-16, RF = 0.065).

3.5 | High burden of missense mutation in UBE2C
is significantly correlated with poor prognosis and
disease-specific survival

To investigate the correlation between UBE2C genetic alterations

among various cancers, the Cbioportal tool was used to identify

genetic alterations in data extracted from TCGA dataset. UBE2C has

the highest mutation frequency in patients with colorectal adenocarci-

noma (�8%). The genetic alteration frequency of UBE2C in uterine

carcinosarcoma is nearly as high. Notably, all patients with UCS, OV,

ESCA, CESC, and head and neck squamous cell carcinoma (HNSC) had

amplification of the UBE2C gene, which showed an alteration fre-

quency of �7%, �4%, �3%, �2%, and �1%, respectively (Figure 5A).

Also, deep deletion was seen among all LAML patients with genetic

alterations in UBE2C, which showed an alteration frequency of nearly

�1%. UBE2C mutation types, sites and case numbers are shown in

Figure 5B. The main type of genetic alteration in UBE2C was mis-

sense mutation. In patients with ESCA and LUSC, UBE2C alteration

was significantly correlated with poor prognosis and Disease-specific

Survival. Also, UBE2C alteration was significantly correlated with poor

prognosis and Overall Survival of patients with SARC (p-value <.05)

(Figure 5C).

3.6 | Protein expression profiling

To study UBE2C protein expression levels in different types of cancer,

we used the CPTAC and HPA databases. High UBE2C protein expres-

sion levels were seen in all cancer types (Figure 6A). Although the

immunohistochemical (IHC) staining results from HPA database for

different cancer types showed strong strain, several cases of gliomas

were weakly stained or negative (Figure 6B). Aberrant protein expres-

sion of UBE2C was detected in 20 types of tumor tissues (Figure 6C).

3.7 | UBE2C expression correlates with immune
signatures across cancers

We studied associations between UBE2C gene expression and

immune-related signatures including immune cells, immunoinhibitors,

immunstimulators and HLA molecules across human cancers through

TISIDB (http://cis.hku.hk/TISIDB/) [40]. There was a strong and sig-

nificant correlation between UBE2C gene expression and all immune

cells in THCA. Most immune cells had significant correlation with

UBE2C gene expression in COAD, GBM, KIRC, LUSC, PAAD, READ,

STAD, and UCEC. Also, in most of the cancers, there was a significant

F IGURE 4 Protein–protein
interaction network and similar and
interacted genes. (A) PPI network of
UBE2C. (B) Intersection analysis of
UBE2C similar and interacted genes.
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correlation between UBE2C gene expression and CD4+ T cell (Act

CD4), effector memory CD8+ T cell (Tem-CD8), type 1 T helper cell

(Th1), type 2 T helper cell (Th2), immature B cell (Imm B), natural killer

cell (NK), CD 56dim natural killer cell (CD56dim), plasmacytoid den-

dritic cell (pDC), immature dendritic cell (iDC), eosinophil, and mast

cell (Figure 7A). Further, almost all immunoinhibitors had significant

TABLE 1 Gene set enrichment
analysis of UBE2C and its interacting
genes.

Biological Process Gene number Rich factor q-value

Anaphase-promoting complex-dependent catabolic

process (GO:0031145)

9 0.44 1.33E-24

Regulation of meiotic cell cycle (GO:0051445) 8 0.4 1.90E-21

Protein K11-linked ubiquitination (GO:0070979) 7 0.24 7.81E-17

Regulation of mitotic cell cycle (GO:0007346) 8 0.06 8.73E-15

Proteasome-mediated ubiquitin-dependent protein

catabolic process (GO:0043161)

9 0.03 7.41E-14

Regulation of cell cycle (GO:0051726) 8 0.03 6.79E-12

Protein polyubiquitination (GO:0000209) 7 0.03 1.13E-10

Regulation of mitotic metaphase/anaphase transition

(GO:0030071)

5 0.1 4.74E-10

Positive regulation of mitotic sister chromatid

separation (GO:1901970)

4 0.27 8.68E-10

Positive regulation of metaphase/anaphase

transition of cell cycle (GO:1902101)

3 0.27 2.15E-07

Positive regulation of mitotic metaphase/anaphase

transition (GO:0045842)

3 0.27 2.15E-07

Positive regulation of mitotic cell cycle phase

transition (GO:1901992)

4 0.06 2.80E-07

Mitotic cell cycle phase transition (GO:0044772) 4 0.04 2.57E-06

Positive regulation of mitotic nuclear division

(GO:0045840)

3 0.09 6.65E-06

Positive regulation of synaptic plasticity

(GO:0031915)

2 0.33 3.19E-05

Positive regulation of synapse maturation

(GO:0090129)

2 0.25 5.24E-05

Positive regulation of ubiquitin protein ligase activity

(GO:1904668)

2 0.25 5.24E-05

Regulation of synapse maturation (GO:0090128) 2 0.2 7.96E-05

Regulation of ubiquitin protein ligase activity

(GO:1904666)

2 0.12 2.27E-04

Positive regulation of ubiquitin-protein transferase

activity (GO:0051443)

2 0.07 5.56E-04

Positive regulation of cellular component

organization (GO:0051130)

2 0.02 0.009298

Molecular function

Ubiquitin-like protein transferase activity

(GO:0019787)

3 0.0125 0.005244

Ubiquitin-protein transferase activity (GO:0004842) 3 0.007282 0.008713

Phosphatase binding (GO:0019902) 2 0.017857 0.008713

Protein phosphatase binding (GO:0019903) 2 0.017391 0.008713

KEGG pathway

Cell cycle 8 0.064516 5.07E-15

Ubiquitin mediated proteolysis 8 0.057143 6.87E-15

Progesterone-mediated oocyte maturation 7 0.07 1.23E-13

Human T-cell leukemia virus 1 infection 8 0.03653 1.31E-13

Oocyte meiosis 7 0.054264 4.58E-13
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correlation with UBE2C expression in COAD and THCA. Also, in most

of the cancers, there was a significant correlation between UBE2C

gene expression and CD96, CD274, CSF1R, KDR, and PDCD1LG2

(Figure 7B). There was a significant correlation between UBE2C

expression and most of the immunostimulators in COAD, LUSC and

THCA. Also, in most of the cancers, there was a significant correlation

between UBE2C gene expression and C10orf54, CXCL12, IL6R,

MICB, PVR, THEM173, and TNFSF13 (Figure 7C). Additionally, the

correlation analysis was performed between UBE2C expressions and

MHC molecules. All MHC molecules had significant correlation with

THCA. In most of the cancers, there was a significant correlation

between UBE2C gene expression and HLA-DMB, HLA-DOA, HLA-

DPA1, HLA-PDB1, HLA-DRA, and HLA-E (Figure 7D).

3.8 | CeRNA network construction

In this study, 314 TFs of UBE2C were identified using hTFtarget.

Among them, 41 TFs were validated in TCGA cancers based on litera-

ture (Supplementary File 2).

Due to large number of miRNAs associated with UBE2C, which

makes it challenging to comprehensively study their interactions with

lncRNAs, we focused on miRNAs validated by experimental studies

and available in the miRTarBase database. Ten miRNAs, including

hsa-miR-196a-5p, hsa-miR-615-3p, hsa-miR-671-5p, hsa-miR-17-5p,

hsa-miR-20a-5p, hsa-miR-381-3p, hsa-miR-24-3p, hsa-miR-193b-3p,

hsa-miR-16-5p, and hsa-miR-140-3p were found as miRNAs associated

with UBE2C.

To identifying potential circular RNAs regulating selected miR-

NAs, circbank database was used. With tot score >1000 cutoff, 21 cir-

cRNAs were selected, including hsa_circ_0052415, hsa_circ_0079934,

hsa_circ_0079934, hsa_circ_0075924, hsa_circ_0017040, hsa_circ_

0059100, hsa_circ_0059101, hsa_circ_0049106, hsa_circ_0049105,

hsa_circ_0049109, hsa_circ_0049110, hsa_circ_0049111, hsa_circ_

0049112, hsa_circ_0049113, hsa_circ_0049104, hsa_circ_0049115, hsa_

circ_0049116, hsa_circ_0049120, hsa_circ_0049099, hsa_circ_0049103,

and hsa_circ_0049108.

Furthermore, to studying lnRNAs regulating selected miRNAs,

miRNet database was used. A total of 316 lncRNAs were identified

(Supplementary File 3). By intersectional analysis of lncRNAs, NEAT1

was found as a common lncRNA regulating all identified miRNAs. Also,

48 lncRNAs were found having interaction with ≥3 selected miRNAs.

Finally, ceRNA network constructed, including UBE2C, 41 TFs,

and 10 shared miRNAs, and 21 circRNAs and 48 lncRNAs (Figure 8).

4 | DISCUSSION

In the current study, pan cancer analysis identified UBE2C as a com-

mon DEG nearly among all types of cancer, which was correlated with

poor prognosis and have a crucial diagnostic value in many cancer

types.

F IGURE 5 Genetic alteration features of UBE2C in various cancers. (A) The alteration frequencies and mutation types of UBE2C in various
cancers in TCGA. UBE2C has the highest mutation frequency in patients with colorectal adenocarcinoma. (B) The alteration frequencies and
mutation sites of UBE2C. The main type of genetic alteration in UBE2C was Missense mutation. (C) The potential correlation between UBE2C
alteration and overall survival and disease-specific survival. UBE2C alteration was significantly correlated between disease-specific survival of
patients with ESCA and LUSC and overall survival of patient with SARC.
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A comprehensive pan-cancer analysis of UBE2C expression in a

wide array of tumors revealed that UBE2C is upregulated in 28 differ-

ent cancers, which is in alignment with earlier findings as stated in

previous reports.16,17 Consistent with our finding, previous studies

reported that the UBE2C mRNA expression was higher in various can-

cers including hepatocellular,28 esophageal squamous cell,29 adreno-

cortical carcinoma,30 gastric,31 breast,32 and lung cancers.33 UBE2C is

a part of the ubiquitin proteasome system, having a key function in

the regulation of cell cycle progression via the degradation of mitotic

cyclins to control the M phase to the G1 phase transition and also

engaging in mitotic spindle checkpoint control.34,35 Upregulated

UBE2C expression disturbs the ubiquitination system required for

protein degradation, leading to aberrant cell proliferation as a com-

mon feature of malignant transformation in a wide range of

malignancies.36–38 Taken together, higher UBE2C gene expression

appeared to be a useful prognostic indicator associated with poor

prognosis and higher frequencies of tumor metastasis and

progression.28–33

Furthermore, we indicated that the expression level of UBE2C

has altered in different pathological stages that positively correlated

with cancer stage and the results showed higher expression of UBE2C

in the late stages of cancer compared to early stages including ACC,

BRCA, KICH, KIRC, KIRP, LIHC, LUAD, LUSC, PAAD, TGCT, and

THCA. Previous studies showed that the UBE2C expression level

F IGURE 6 Protein expression of UBE2C in
different types of cancer. (A) UBE2C protein level
was upregulated in breast cancer, colon cancer,
ovarian cancer, clear cell renal cell carcinoma,
UCEC, lung cancer, PAAD, head and neck cancer,
glioblastoma, and liver cancer utilizing CPTAC
dataset. (B) Although the immunohistochemical
staining results from HPA database for different
cancer types showed strong strain, several cases of

gliomas were weakly stained or negative.
(C) Pathological section images of cancer types
showed upregulation of UBE2C in 20 types of
cancer.
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involved in cancer progression and invasion.16,30,39,40 As well, the

result showed that significant high protein expression levels of UBE2C

protein in 20 different cancer type increase. However, several sam-

ples of gliomas were weakly stained or negative. The variation in

UBE2C expression across different tumor types indicates that UBE2C

exhibits diverse regulatory mechanisms in distinct types of tumors

and is regarded as an oncogene that could be targeted for therapeutic

purposes.

Furthermore, the correlation of UBE2C expression with clinical

outcomes confirmed that UBE2C overexpression results in poor prog-

nosis, worse overall survival, and disease-free survival in many can-

cers. These results were in agreement with previous findings in

adrenocortical and oral squamous cell carcinoma.30,40 Recent studies

showed that the high expression of UBE2C has correlation with poor

OS and DFS of cancer patients.16,30,39,40 Similarly, according to our

study, the high expression of UBE2C was significantly correlated with

poor prognosis and shorter OS of patients with ACC, BRCA, KIRC,

KIRP, LGG, LUAD, MESO, PAAD, and SKCM. Also, upregulated

UBE2C expression leads to worse DFS prognosis of patients with

ACC, KIRC, KIRP, LGG, LIHC, MESO, PAAD, PRAD, THCA, UCEC, and

UVM.16,17,41

Here, we investigated the gene expression profiles of UBE2C in

both healthy individuals and cancer patients to evaluate its diagnostic

value. Significantly increased UBE2C expression level in various tumor

types, including CESC, CHOL, GBM, and UCS tumors (with

AUC = 100%) or in ACC, BLCA, BRCA, COAD, ESCA, KICH, KIRC,

KIRP, LGG, LIHC, LUAD, LUSC, OV, PAAD, READ, SKCM, STAD,

TGCT, and UCEC tumors (with AUC ≥90%) suggest that assessing

UBE2C gene expression could serve as a novel biomarker for tumor

staging and a promising diagnostic tool prior to symptoms manifesta-

tion. The diagnostic value of UBE2C has been previously reported in

patients with hepatocellular carcinoma (HCC) and liver cancer.42,43

F IGURE 7 Correlation between UBE2C expression and immune-related signatures. There were strong correlations between UBE2C
expression and immune cells (A), immunoinhibitors (B), immunstimulators (C), and HLA molecules (D) across human cancers.
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Consistently, a recent study reported that detecting of UBE2C

expression level through IHC sections could be an indicator of poly-

ploidy in cancer tissue, allowing discrimination of aggressive subsets

of HCC. Thus, UBE2C overexpression is associated with histological

diagnosis of polyploidy with the highest sensitivity in HCC and sug-

gesting its potential as a target for the treatment of aggressive HCC

subsets.44 Furthermore, another study revealed a positive correlation

between UBE2C expression levels and tumor stage, local lymph node

metastasis, and FIGO stages in endometrial cancer (EC) through IHC

examinations. These findings indicated that UBE2C overexpression

plays an essential role in diagnosis of EC progression and metastasis,

making it a prognostic factor in EC patients.45 Overall, our study and

previous research highlight the significance of UBE2C as a diagnostic

tool for early detection and a potential therapeutic target in various

cancers.

Based on our analysis, the highest genetic alteration frequency of

UBE2C occurs in colorectal adenocarcinoma and uterine carcinoma,

respectively. Likewise, our finding showed that the missense mutation

is the major type of UBE2C mutation that happens in COAD, UCEC,

bladder carcinoma and sarcoma. In terms of deep deletion, it was

dominant alteration among LAML patients. In addition, the OS and

DFS were examined and the result showed that UBE2C alteration

was related to OS of ESCA and LUSC and DFS of SARC patients.

Another study confirmed this in line with us and reported that in

9 cancers including KIRP, ACC, UCEC, MESO, LGG, SARC, COAD,

LIHC and HNSC, the mutation in UBE2C is related to poor OS.41

Intersectional analysis revealed CDCA3 as an interesting gene,

consistently correlated across 33 cancer types. CDCA3 correlation

with UBE2C across all TCGA cancers highlights its potential signifi-

cance in diverse contexts. In a recent investigation led by Song et al.

in 2021, associated with ovarian carcinoma a collection of 14 DEGs

was pinpointed.46 Among these, nine genes, including CDCA3 and

UBE2C, were observed to be upregulated and demonstrated signifi-

cant enrichment in cell cycle regulation as evidenced by gene ontol-

ogy analysis.46 Additionally, when using Kaplan–Meier survival

analysis, it became clear that higher levels of CDCA3 and UBE2C

together were linked to poorer survival outcomes for patients, regard-

less of the stage of the tumor or how advanced the tumor appeared

under the microscope.46 In a separate 2023 study focusing on ACC,

20 oncogenes, such as CDCA3 and UBE2C, were identified by analyz-

ing TCGA and GTEx datasets using ACLBI Web-based Tools.30 This

analysis revealed that these 20 oncogenes exhibited elevated expres-

sion in tumor tissues and allowed for the investigation of expression

differences between tumor and normal tissues.30 Notably, this exami-

nation singled out UBE2C as a significant DEG between tumor and

normal tissues.30

F IGURE 8 The ceRNA network of UBE2C. The ceRNA network includes UBE2C, its 41 TFs, 10 shared miRNAs, and 21 circRNAs and
48 lncRNAs.

12 of 16 JALALI ET AL.



We further defined the PPI network of UBE2C; a network con-

sisted 10 nodes, including CCNA2, ANAPC2, CDC16, ANAPC10,

UBA1, CDC20, ANAPC11, CDK1, CDC27, and CDC23 and 52 edges.

Among the 100 genes showing comparable expression patterns and

the 11 interacted genes, we identified three genes, CDC20, CCNA2,

and CDK1, that were shared with UBE2C. Interestingly, in an inde-

pendent study, investigators made a noteworthy discovery using

ACLBI Web-based Tools: UBE2C expression displays a positive corre-

lation with the expressions of CDC20, CDK1, and CCNA2.30 This

observation signifies the heightened cell cycle advancement charac-

terizing cases of ACC featuring elevated UBE2C expression.30 Illus-

trating another instance of UBE2C and CDC20 co-expression, Bruno

S et al. explored Chronic Lymphocytic Leukemia (CLL), a hematological

malignancy where CDC20 has been implicated in the high-risk cate-

gory. Their investigation revealed heightened expression of cell cycle-

related genes, notably UBE2C and CDC20.47

Remarkably, UBE2C enrichment analyses yielded significant

enrichments in 29 gene ontology terms and pathways. The most nota-

ble biological process observed was the receptor Anaphase-Promoting

Complex (APC)-Dependent Catabolic Process. The activation of the

APC is facilitated by the regulatory subunit Cdc20 (APC (Cdc20)),

which collaborates with UBE2C to direct securin, mitotic cyclins, and

other regulatory proteins of the cell cycle for degradation via the pro-

teasome pathway.48 According to our findings, the most prominent

enriched molecular function is Ubiquitin-Like Protein Transferase.

Furthermore, the Cell Cycle emerged as the most notably significant

KEGG pathway. In a research endeavor led by Chen et al., a bioinfor-

matics assessment highlighted the significant involvement of UBE2C

in renal cell carcinoma (RCC). They inferred that UBE2C, identified as

one of the DEGs, serves as a pivotal element in the cell cycle process,

thereby likely regulating the cell cycle pathway in RCC.49 In this study,

there was a significant correlation between UBE2C expression and

most of the immune cells by pan-cancer analysis. Correspondingly,

there was a strong and significant correlation between UBE2C gene

expression and all immune cells in THCA. Previous studies have eluci-

dated the dual role of UBE2C in thyroid cancer (THCA) as both a

tumor suppressor gene and an oncogene. Inhibition of THCA cell pro-

liferation and induction of apoptosis were observed upon suppression

of UBE2C, providing evidence for its oncogenic role. However, the

knockdown of UBE2C in THCA cells resulted in increased migration

and invasion, upregulation of migration-related proteins, and

increased resistance to sorafenib, suggesting its role as a suppressor

gene in THCA.50

UBE2C expression has been found to be positively associated

with immune checkpoint-related genes, including CD274, CTLA4,

HAVCR2, LAG3, PDCD1, PDCD1LG2, SIGLEC15, and TIGIT in vari-

ous cancers.40,51 Moreover, most of the immune-related markers and

metabolism-related pathways were associated with UBE2C expres-

sion level in THCA.50 In hepatocellular carcinoma, UBE2C was found

to be positively correlated with the infiltration of regulatory T cells

and T follicular helper cells.52 In renal cell carcinoma, UBE2C is

strongly correlated with the infiltration of various immune cells,

including M0 macrophages, regulatory T cells, and CD4+ memory T

cells in RCC. These findings suggest that UBE2C may play a role in

modulating the immune microenvironment in RCC, and its expression

is associated with prognostic significance and tumor progression.53 In

adrenocortical carcinoma, UBE2C expression is positively linked with

T helper Th1 and Th2 cells and negatively correlated with Treg, M2

macrophages.30 Although UBE2C overexpression has been linked to

immune cell infiltration in various cancer types, it may differ depend-

ing on the cancer type and require further investigation.50,52,54 Acting

as an oncogene in these cancers, UBE2C plays a crucial role in both

cancer development and therapy, suggesting its potential as an effec-

tive therapeutic target for pan-cancer. Moreover, studies have

highlighted the significance of TMB (tumor mutational burden) as a

novel biomarker predicting immunotherapeutic response and its asso-

ciation with prognosis in 13 different cancer types.51 Variations in

prognosis among cancers may be attributed to tumor heterogeneity.

Notably, the expression level of UBE2C is closely linked to TMB. A

study has indicated that TMB serves as a valuable biomarker for

selecting immune checkpoint blockade (ICB) across various cancer

types.55 Consequently, the association of UBE2C with immunother-

apy suggests its potential as an immunotherapeutic target in the con-

text of these 20 cancer types. Furthermore, UBE2C has been

identified as a potential diagnostic and therapeutic biomarker, as well

as a prognostic signature for various cancers. The overexpression of

UBE2C has been associated with tumor progression51,56 and poor

prognosis in different cancer types, making it a potential target for

immunotherapy. The role of UBE2C in the aggressive progression of

various cancers, including tongue squamous cell carcinoma, renal cell

carcinoma, thyroid carcinoma, and glioma, has been well-documen-

ted.50 These studies provide strong evidence for the significant

involvement of UBE2C in the regulation of the immune response and

its potential as a therapeutic target in cancer.

Based on the UBE2C ceRNA network, we identified lncRNAs and

circRNAs as partners of UBE2C that competitively bind to the associ-

ated miRNAs, affecting miRNA-mRNA interactions. We identified

10 miRNAs as regulatory mediators that could target UBE2C and act

as crucial determinants of cancer progression. The functions of these

miRNAs depend on specific tumor types. It was reported that

miR-17-5p promotes proliferation and metastasis of nasopharyngeal

carcinoma via targeting p21.57 However, other miRNAs, including

miR-615-3p and miR-196a-5p, can act as tumor promotors or sup-

pressors in various cancers.58–61 Interestingly, researchers found miR-

671-5p and miR-381-3p can target FGFR2 to suppress cancer by

blocking proliferation and progression in osteosarcoma and esopha-

geal squamous cell carcinoma.62–64 These data suggest that further

in-depth studies are required to explain the observed heterogeneity

according to the type and stage of each cancer.

Given that lncRNAs and circRNAs act as miRNA sponges that hin-

der binding of miRNAs to their corresponding mRNAs,65 we aimed to

assess altered transcription patterns in tumors through the evaluation

of UBE2C upstream regulators in a ceRNA network. In our study,

21 circRNAs and 128 lncRNAs were identified as selected miRNA reg-

ulators, among which the lncRNA nuclear enriched abundant tran-

script 1 (NEAT1) has been identified as a common regulator of all
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10 selected miRNAs. NEAT1-miRNA regulatory networks play crucial

roles in the regulation of tumorigenesis, in which NEAT1 may func-

tion either as an oncogene or a tumor suppressor gene.66 There is

accumulating evidence that NEAT1 facilitates tumor cell growth,

migration, and invasion in colorectal cancer via targeting miR-196a-

5p or miR-216b or in thyroid carcinoma by regulating miRNA-214

expression.67–69 Other researchers have confirmed the oncogenic

role of NEAT1 in other tumors, including breast, lung, hepatocellu-

lar, ovarian, and prostate cancers.70–73 In addition, higher levels of

NEAT1 have been shown to be correlated with poor clinical out-

comes74 and reduced chemotherapy response in patients.75 How-

ever, NEAT1 has been demonstrated to act as a protective factor in

acute myeloid leukemia (AML).76 Therefore, a detailed elucidation

of NEAT1-miRNA regulatory pathways and the impact of their

interactions on cancer progression will shed light on the develop-

ment of novel therapeutic approaches via targeting these potential

biomarkers.

5 | CONCLUSION

In summary, the present study demonstrates that UBE2C is a differen-

tial expressed gene in 28 types of cancer, playing a strong prognostic

role in OS and DRF of patients with most of the cancers. Also, by

evaluating diagnostic value of UBE2C and its correlation with differ-

ent immune-related signatures, we conclude that UBE2C is be a ther-

anostic gene, which may serve as a reliable biomarker in diagnosing

cancers, improving treatment responses, and increasing the overall

survival of cancer patients and can be a promising gene to be target

by cancer drugs in the future.

AUTHOR CONTRIBUTIONS

Pooya Jalali: Methodology (lead); writing – original draft (equal);

writing – review and editing. Amir Samii: Formal analysis (equal);

writing – original draft (equal). Malihe Rezaee: Writing – original draft

(equal). Arvin Shahmoradi: Writing – original draft. Fatemeh Pashizeh:

Writing – original draft. Zahra Salehi: Investigation (lead); methodol-

ogy (lead); supervision (lead); writing – review and editing.

ACKNOWLEDGMENTS

The authors have nothing to report.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The in silico analysis conducted in this study, as well as the datasets

presented, are accessible through online repositories. The names of

these repositories, along with the accession numbers, are provided in

the article.

ETHICS STATEMENT

Not applicable.

ORCID

Zahra Salehi https://orcid.org/0000-0002-0839-2729

REFERENCES

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLO-

BOCAN estimates of incidence and mortality worldwide for 36 can-

cers in 185 countries. CA Cancer J Clin. 2021;71(3):209-249.

2. Sadikovic B, Al-Romaih K, Squire JA, Zielenska M. Cause and conse-

quences of genetic and epigenetic alterations in human cancer. Curr

Genomics. 2008;9(6):394-408.

3. Wang Z, Gerstein M, Snyder M. RNA-Seq: a revolutionary tool for

transcriptomics. Nat Rev Genet. 2009;10(1):57-63.

4. Wilhelm BT, Landry J-R. RNA-Seq—quantitative measurement of

expression through massively parallel RNA-sequencing. Methods.

2009;48(3):249-257.

5. Singh RR, Patel KP, Routbort MJ, et al. Clinical validation of a next-

generation sequencing screen for mutational hotspots in 46 cancer-

related genes. J Mol Diagn. 2013;15(5):607-622.

6. Serratì S, De Summa S, Pilato B, et al. Next-generation sequencing:

advances and applications in cancer diagnosis. Onco Targets Ther.

2016;9:7355-7365.

7. Han S-W, Kim H-P, Shin J-Y, et al. Targeted sequencing of cancer-

related genes in colorectal cancer using next-generation sequencing.

PloS One. 2013;8(5):e64271.

8. Cai H, Jing C, Chang X, et al. Mutational landscape of gastric cancer

and clinical application of genomic profiling based on target next-

generation sequencing. J Transl Med. 2019;17(1):1-12.

9. Suh KJ, Kim SH, Kim YJ, et al. Clinical application of next-generation

sequencing in patients with breast cancer: real-world data. J Breast

Cancer. 2022;25(5):366-378.

10. Han L, Yuan Y, Zheng S, et al. The Pan-cancer analysis of pseudogene

expression reveals biologically and clinically relevant tumour sub-

types. Nat Commun. 2014;5(1):3963.

11. Priestley P, Baber J, Lolkema MP, et al. Pan-cancer whole-genome ana-

lyses of metastatic solid tumours. Nature. 2019;575(7781):210-216.

12. Schneider G, Schmidt-Supprian M, Rad R, Saur D. Tissue-specific

tumorigenesis: context matters. Nat Rev Cancer. 2017;17(4):239-253.

13. Wei C, Wang B, Peng D, et al. Pan-cancer analysis shows that

ALKBH5 is a potential prognostic and immunotherapeutic biomarker

for multiple cancer types including gliomas. Front Immunol. 2022;13:

849592.

14. Liu T, Yang K, Chen J, Qi L, Zhou X, Wang P. Comprehensive Pan-

cancer analysis of KIF18A as a marker for prognosis and immunity.

Biomolecules. 2023;13(2):326.

15. Jiang ZH, Shen X, Wei Y, et al. A Pan-cancer analysis reveals the prog-

nostic and immunotherapeutic value of Stanniocalcin-2 (STC2). Front

Genet. 2022;13:927046.

16. Dastsooz H, Cereda M, Donna D, Oliviero S. A comprehensive bioin-

formatics analysis of UBE2C in cancers. Int J Mol Sci. 2019;20(9):

2228.

17. Yuan L, Yang Z, Zhao J, et al. Pan-cancer bioinformatics analysis of

gene Ube2c. Front Genet. 2022;13:893358.

18. Tang Z, Kang B, Li C, Chen T, Zhang Z. GEPIA2: an enhanced web

server for large-scale expression profiling and interactive analysis.

Nucleic Acids Res. 2019;47(W1):W556-W560.

19. Tang G, Cho M, Wang X. OncoDB: an interactive online database for

analysis of gene expression and viral infection in cancer. Nucleic Acids

Res. 2022;50(D1):D1334-D1339.

20. Vasaikar SV, Straub P, Wang J, Zhang B. LinkedOmics: analyzing

multi-omics data within and across 32 cancer types. Nucleic Acids Res.

2018;46(D1):D956-D963.

21. Kuleshov MV, Jones MR, Rouillard AD, et al. Enrichr: a comprehen-

sive gene set enrichment analysis web server 2016 update. Nucleic

Acids Res. 2016;44(W1):W90-W97.

14 of 16 JALALI ET AL.

https://orcid.org/0000-0002-0839-2729
https://orcid.org/0000-0002-0839-2729


22. Gao J, Aksoy BA, Dogrusoz U, et al. Integrative analysis of complex

cancer genomics and clinical profiles using the cBioPortal. Sci Signal.

2013;6(269):2004088.

23. Zhang Q, Liu W, Zhang H-M, et al. hTFtarget: a comprehensive data-

base for regulations of human transcription factors and their targets.

Genomics Proteomics Bioinformatics. 2020;18(2):120-128.

24. Huang Q, Tan Z, Li Y, et al. Tfcancer: a manually curated database of

transcription factors associated with human cancers. Bioinformatics.

2021;37(22):4288-4290.

25. Huang H-Y, Lin Y-C-D, Cui S, et al. miRTarBase update 2022: an

informative resource for experimentally validated miRNA–target
interactions. Nucleic Acids Res. 2022;50(D1):D222-D230.

26. Liu M, Wang Q, Shen J, Yang BB, Ding X. Circbank: a comprehensive

database for circRNA with standard nomenclature. RNA Biol. 2019;

16(7):899-905.

27. Shannon P, Markiel A, Ozier O, et al. Cytoscape: a software environ-

ment for integrated models of biomolecular interaction networks.

Genome Res. 2003;13(11):2498-2504.

28. Ieta K, Ojima E, Tanaka F, et al. Identification of overexpressed genes

in hepatocellular carcinoma, with special reference to ubiquitin-

conjugating enzyme E2C gene expression. Int J Cancer. 2007;121(1):

33-38.

29. Li R, Pang X-F, Huang Z-G, et al. Overexpression of UBE2C in esoph-

ageal squamous cell carcinoma tissues and molecular analysis. BMC

Cancer. 2021;21(1):996.

30. Huang R, Guo L, Chen C, et al. System analysis identifies UBE2C as a

novel oncogene target for adrenocortical carcinoma. PloS One. 2023;

18(8):e0289418.

31. Zhang H, Zhao G, Ke B, et al. Overexpression of UBE2C correlates

with poor prognosis in gastric cancer patients. Eur Rev Med Pharmacol

Sci. 2018;22(6):1665-1671.

32. Qin T, Huang G, Chi L, et al. Exceptionally high UBE2C expression is a

unique phenomenon in basal-like type breast cancer and is regulated

by BRCA1. Biomed Pharmacother. 2017;95:649-655.

33. Wang Y, Shi F, Tao R, et al. The relationship between UBE2C and

AGGF1 overexpression and tumor angiogenesis in non-small cell lung

cancer. Cancer Management and Research. 2021;13:5919-5930.

34. Lin Y, Hwang WC, Basavappa R. Structural and functional analysis of

the human mitotic-specific ubiquitin-conjugating enzyme, UbcH10.

J Biol Chem. 2002;277(24):21913-21921.

35. Reddy SK, Rape M, Margansky WA, Kirschner MW. Ubiquitination by

the anaphase-promoting complex drives spindle checkpoint inactiva-

tion. Nature. 2007;446(7138):921-925.

36. Laurell C, Velázquez-Fernández D, Lindsten K, et al. Transcriptional

profiling enables molecular classification of adrenocortical tumours.

Eur J Endocrinol. 2009;161(1):141-152.

37. Parris TZ, Danielsson A, Nemes S, et al. Clinical implications of gene

dosage and gene expression patterns in diploid breast carcinoma. Clin

Cancer Res. 2010;16(15):3860-3874.

38. Bredel M, Bredel C, Juric D, et al. Functional network analysis reveals

extended gliomagenesis pathway maps and three novel MYC-interacting

genes in human gliomas. Cancer Res. 2005;65(19):8679-8689.

39. Xiong Y, Lu J, Fang Q, et al. UBE2C functions as a potential oncogene

by enhancing cell proliferation, migration, invasion, and drug resis-

tance in hepatocellular carcinoma cells. Biosci Rep. 2019;39(4):

BSR20182384.

40. Liu P-F, Chen C-F, Shu C-W, et al. UBE2C is a potential biomarker for

tumorigenesis and prognosis in tongue squamous cell carcinoma.

Diagnostics. 2020;10(9):674.

41. Ge Z, Leighton JS, Wang Y, et al. Integrated genomic analysis of the

ubiquitin pathway across cancer types. Cell Rep. 2018;23(1):213-

226.e3.

42. Li X, Ma Z, Mei L. Comprehensive analysis of UBE2C expression and

its potential roles and mechanisms in hepatocellular carcinoma. Aging.

2023;15(15):7397-7407.

43. Gao S, Gang J, Yu M, Xin G, Tan H. Computational analysis for identi-

fication of early diagnostic biomarkers and prognostic biomarkers of

liver cancer based on GEO and TCGA databases and studies on path-

ways and biological functions affecting the survival time of liver can-

cer. BMC Cancer. 2021;21(1):791.

44. Matsuura T, Ueda Y, Harada Y, et al. Histological diagnosis of poly-

ploidy discriminates an aggressive subset of hepatocellular carcino-

mas with poor prognosis. Br J Cancer. 2023;129(8):1251-1260.

45. Zhang Y, Li X, Gong Y, et al. Aberrant expression of UBE2C in endo-

metrial cancer and its correlation to epithelial mesenchymal transi-

tion. Medicine (Baltimore). 2023;102(20):e33834.

46. Song C, Kim K-B, Lee J-H, Kim S. Bioinformatic analysis for influential

core gene identification and prognostic significance in advanced

serous ovarian carcinoma. Medicina. 2021;57(9):933.

47. Bruno S, Luserna G, di Rorà A, et al. CDC20 in and out of mitosis: a

prognostic factor and therapeutic target in hematological malignan-

cies. J Exp Clin Cancer Res. 2022;41(1):159.

48. Wäsch R, Engelbert D. Anaphase-promoting complex-dependent pro-

teolysis of cell cycle regulators and genomic instability of cancer cells.

Oncogene. 2005;24(1):1-10.

49. Chen Z, Wang L. The clinical significance of UBE2C gene in progres-

sion of renal cell carcinoma. Eur J Histochem. 2021;65(2).

50. Xiang C, Yan H-c. Ubiquitin conjugating enzyme E2 C (UBE2C) may

play a dual role involved in the progression of thyroid carcinoma. Cell

death. Discovery. 2022;8(1):130.

51. Huang GZ, Chen ZQ, Wu J, et al. Pan-cancer analyses of the tumor

microenvironment reveal that ubiquitin-conjugating enzyme E2C

might Be a potential immunotherapy target. J Immunol Res. 2021;

2021:9250207-.

52. Domentean S, Paisana E, Cascão R, Faria CC. Role of UBE2C in brain

cancer invasion and dissemination. Int J Mol Sci. 2023;24(21):15792.

53. Liu J, Xu J, Zhang T, et al. Decoding the immune microenvironment of

clear cell renal cell carcinoma by single-cell profiling to aid immuno-

therapy. Front Immunol. 2022;13:791158.

54. Li J, Li Z, Zhao P. Diagnosis and prognosis of thyroid cancer by

immune-related genes. Am J Clin Oncol. 2024;47(1):1-10.

55. Chan TA, Yarchoan M, Jaffee E, et al. Development of tumor muta-

tion burden as an immunotherapy biomarker: utility for the oncology

clinic. Ann Oncol. 2019;30(1):44-56.

56. Zhang X, Liu X, Xiong R, An HX. Identification and validation of

ubiquitin-proteasome system related genes as a prognostic signature

for papillary renal cell carcinoma. Aging. 2022;14(23):9599-9616.

57. Chen C, Lu Z, Yang J, et al. MiR-17-5p promotes cancer cell prolifera-

tion and tumorigenesis in nasopharyngeal carcinoma by targeting

p21. Cancer Med. 2016;5(12):3489-3499.

58. Wang J, Liu L, Sun Y, et al. miR-615-3p promotes proliferation and

migration and inhibits apoptosis through its potential target CELF2 in

gastric cancer. Biomed Pharmacother. 2018;101:406-413.

59. Liu J, Jia Y, Jia L, Li T, Yang L, Zhang G. MicroRNA 615-3p inhibits the

tumor growth and metastasis of NSCLC via inhibiting IGF2. Oncol

Res. 2019;27(2):269-279.

60. Xin H, Wang C, Liu Z. miR-196a-5p promotes metastasis of colorectal

cancer via targeting IκBα. BMC Cancer. 2019;19(1):30.

61. Huang G, Li H, Wang J, et al. Combination of tumor suppressor miR-

20b-5p, miR-30a-5p, and miR-196a-5p as a serum diagnostic panel

for renal cell carcinoma. Pathol Res Pract. 2020;216(11):153152.

62. Xin C, Lu S, Li Y, et al. miR-671-5p inhibits tumor proliferation by

blocking cell cycle in osteosarcoma. DNA Cell Biol. 2019;38(9):996-

1004.

63. Li X, Nie C, Tian B, et al. miR-671-5p blocks the progression of human

esophageal squamous cell carcinoma by suppressing FGFR2. Int J Biol

Sci. 2019;15(9):1892-1904.

64. Yang X, Ruan H, Hu X, Cao A, Song L. miR-381-3p suppresses the

proliferation of oral squamous cell carcinoma cells by directly target-

ing FGFR2. Am J Cancer Res. 2017;7(4):913-922.

JALALI ET AL. 15 of 16



65. Panda AC. Circular RNAs act as miRNA sponges. Adv Exp Med Biol.

2018;1087(2018):67-79.

66. Zhou H, Wang Y, Liu Z, Zhang Z, Xiong L, Wen Y. Recent advances of

NEAT1-miRNA interactions in cancer. Acta Biochim Biophys Sin

(Shanghai). 2022;54(2):153-162.

67. Zhong F, Zhang W, Cao Y, et al. LncRNA NEAT1 promotes colorectal

cancer cell proliferation and migration via regulating glial cell-derived

neurotrophic factor by sponging miR-196a-5p. Acta Biochim Biophys

Sin. 2018;50(12):1190-1199.

68. Zhu Y, Wang X, Zheng L, Li D, Liu Z, Teng L. The lncRNA NEAT1

inhibits miRNA-216b and promotes colorectal cancer progression by

indirectly activating YY1. J Oncol. 2022;2022:8130132.

69. Li J-H, Zhang S-Q, Qiu X-G, Zhang S-J, Zheng S-H, Zhang D-H. Long

non-coding RNA NEAT1 promotes malignant progression of thyroid

carcinoma by regulating miRNA-214. Int J Oncol. 2017;50(2):708-716.

70. Klec C, Prinz F, Pichler M. Involvement of the long noncoding RNA

NEAT 1 in carcinogenesis. Mol Oncol. 2019;13(1):46-60.

71. Fang L, Sun J, Pan Z, et al. Long non-coding RNA NEAT1 promotes

hepatocellular carcinoma cell proliferation through the regulation of

miR-129-5p-VCP-IκB. American journal of physiology-gastrointestinal

and liver. Phys Ther. 2017;313(2):G150-G156.

72. Xiong W, Huang C, Deng H, et al. Oncogenic non-coding RNA NEAT1

promotes the prostate cancer cell growth through the SRC3/IG-

F1R/AKT pathway. Int J Biochem Cell Biol. 2018;94:125-132.

73. Liu Y, Wang Y, Fu X, Lu Z. Long non-coding RNA NEAT 1 promoted

ovarian cancer cells' metastasis through regulation of miR-382-3p/ROCK

1 axial. Cancer Sci. 2018;109(7):2188-2198.

74. Yu H, Peng S, Chen X, Han S, Luo J. Long non-coding RNA NEAT1

serves as a novel biomarker for treatment response and survival pro-

files via microRNA-125a in multiple myeloma. J Clin Lab Anal. 2020;

34(9):e23399.

75. Wang X, Jiang G, Ren W, Wang B, Yang C, Li M. LncRNA NEAT1 reg-

ulates 5-Fu sensitivity, apoptosis and invasion in colorectal cancer

through the MiR-150-5p/CPSF4 Axis. Onco Targets Ther. 2020;13:

6373-6383.

76. Feng S, Liu N, Chen X, Liu Y, An J. Long non-coding RNA NEAT1/-

miR-338-3p axis impedes the progression of acute myeloid leukemia

via regulating CREBRF. Cancer Cell Int. 2020;20(1):112.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Jalali P, Samii A, Rezaee M,

Shahmoradi A, Pashizeh F, Salehi Z. UBE2C: A pan-cancer

diagnostic and prognostic biomarker revealed through

bioinformatics analysis. Cancer Reports. 2024;7(4):e2032.

doi:10.1002/cnr2.2032

16 of 16 JALALI ET AL.

info:doi/10.1002/cnr2.2032

	UBE2C: A pan-cancer diagnostic and prognostic biomarker revealed through bioinformatics analysis
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Identification of differentially expressed genes
	2.2  Investigating diagnostic and prognostic value of the candidate common gene
	2.3  Co-expression analysis and PPI network
	2.4  Gene set enrichment analysis
	2.5  Genetic alteration
	2.6  Protein expression profiling
	2.7  Immune interactions
	2.8  Transcription factor, miRNA, lncRNA, ceRNA, and ceRNA network

	3  RESULTS
	3.1  Pan-cancer gene expression analysis determined UBE2C as a common differentially expressed gene positively correlated w...
	3.2  UBE2C expression is correlated with poor prognosis
	3.3  UBE2C plays as a diagnostic factor
	3.4  CDCA3 defined as a UBE2C consistently co-expressed gene across 30 cancer types
	3.5  High burden of missense mutation in UBE2C is significantly correlated with poor prognosis and disease-specific survival
	3.6  Protein expression profiling
	3.7  UBE2C expression correlates with immune signatures across cancers
	3.8  CeRNA network construction

	4  DISCUSSION
	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


