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Abstract
Background  Ubiquitin-conjugating enzymes E2 (UBE2) have been reported in the microenvironment of
various malignant tumors, but their correlation with ovarian cancer remains elusive.

Methods: The Oncomine, GEPIA, Kaplan-Meier Plotter, cBioPortal, and STRING databases were used to
systematically analyze the expression pattern, prognostic value, genetic variation, and biological function
of 12 members of the UBE2 gene family in ovarian cancer. UBE2T exhibited the greatest correlation with
ovarian cancer and was thus further examined. Gene set enrichment analysis (GSEA), as well as analyses
of function and pathway enrichment, somatic mutations, copy number variation, and methylation were
performed, and the correlation with immune cell in�ltration was examined to explore the mechanism
underlying aberrant UBE2T expression. Finally, the expression and prognostic value of UBE2T in ovarian
cancer were veri�ed by immunohistochemical evaluation of 131 clinical ovarian samples and the Gene
Expression Omnibus (GEO) database (GSE51088, GSE73614, and GSE63885 datasets) analysis.

Results: The mRNA levels of UBE2C , UBE2N , UBE2S , and UBE2T were signi�cantly upregulated in
ovarian cancer compared with those in normal ovarian tissue. In patients with ovarian serous carcinoma,
UBE2A , UBE2B , UBE2C , UBE2G , and UBE2T upregulation and UBE2R2 downregulation were associated
with poor overall survival. Moreover, UBE2A , UBE2N , and UBE2T upregulation and UBE2G and
UBE2R2 downregulation were associated with poor progression-free survival. Immunohistochemistry
revealed that UBE2T was signi�cantly upregulated in ovarian malignant tumors compared with that in
borderline tumors, benign tumors, and normal ovarian tissues, and its high expression was associated
with poor prognosis. The Cox model showed that UBE2T upregulation was an independent risk factor
affecting the prognosis of ovarian cancer (hazard ratio: 4.095, P= 0.029). The above results were veri�ed
in the GEO database. In addition, UBE2T was associated with speci�c immune cells and mainly involved
in cell cycle-related events. Genomic analysis showed that TP53 and TTN mutations were associated
with UBE2T expression. Gene copy number ampli�cation and hypomethylation may be responsible for
UBE2T upregulation in ovarian cancer.

Conclusions: UBE2 family members may play a role in the development of ovarian cancer. Speci�cally,
UBE2T could serve as a new prognostic marker and therapeutic target for this disease.

Background
Ovarian cancer (OC) is the most deadly malignancy of the female reproductive system and the �fth
leading cause of cancer-related death among women worldwide[1]. More than 70% of OC patients are
diagnosed with advanced disease due to lack of typical clinical symptoms and effective diagnostic
methods, which explains the high mortality rate of this disease. Despite major advances in surgical
techniques, chemotherapy, and immunotherapy, the current treatments are still unsatisfactory, as the �ve-
year overall survival (OS) rate is approximately 30%[2]. Hence, the identi�cation of biomarkers with high
sensitivity and speci�city, as well as the comprehension of their role in OC, are urgently needed.
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The tumor microenvironment consists of multiple cellular and non-cellular components that support
tumor growth and suppress antitumor response. The role of this system in tumor progression and its
relevance for cancer immunotherapy have been extensively demonstrated[3]. Our previous analysis of
genome-wide gene expression changes in HE4-transfected OC cells showed that ubiquitination is strongly
involved in the development of malignant behavior. Recent �ndings have also revealed that
ubiquitination-related enzymes are important components of the tumor microenvironment. These
enzymes include ubiquitin-activating (UBE1), ubiquitin-conjugating (UBE2), and ubiquitin-ligating (UBE3)
enzymes, which facilitate ubiquitination and lead to proteasome-mediated protein degradation[4]. The
UBE2 family is composed of 40 members, which are considered as pivotal factors in the ubiquitination
cascade[5]. Some studies have reported that aberrant expression of UBE2s in tumors has an impact on
tumor prognosis, suggesting that UBE2s are informative tumor markers for early diagnosis and prediction
of prognosis[6-8]. However, the biological role and action mechanism of these enzymes in OC have not
been fully elucidated. UBE2T, a member of the UBE2 family, was the �rst to be de�ned as a key factor in
the Fanconi anemia pathway[9]. Several studies have con�rmed that UBE2T plays a carcinogenic role in
various types of cancer, including hepatocellular carcinoma, as well as lung, breast, stomach, bladder,
and prostate cancer, but its expression level and prognostic value in OC are still unclear[10-15].

In this study, we selected 12 gene members of the UBE2 family with a possible relationship with OC, and
used bioinformatics analysis to evaluate their expression and prognostic value. UBE2T exhibited the
greatest correlation with OC, which was veri�ed by immunohistochemistry (IHC) and GEO database
analysis. Moreover, the molecular function of UBE2T was explored. Our study provided valuable hints for
the design of a new targeted therapy for OC.

Methods
Oncomine database analysis

Oncomine (http://www. oncomine. org) is a web-based gene chip data-mining platform consisting of
microarray databases covering 19 types of human cancer. It includes 715 tumor microarrays, as well as
86,733 cancer and normal tissue samples[16]. Oncomine can be used to identify genes with differential
expression in cancers and their respective normal tissues. We used Oncomine to analyze the mRNA
expression of UBE2s in different types of cancer. The standardized normalization and parameters were
as follows: P value <0.01, fold change >2, and gene ranking in the top 10%.

GEPIA dataset analysis

Gene Expression Pro�ling Interactive Analysis (GEPIA) (http://gepia.cancer-pku. cn/) is a database of
RNA sequencing expression data from The Cancer Genome Atlas (TCGA) and Genotype-tissue Expression
dataset (GTEx) projects, including 33 tumor types, 9,736 tumor samples, and 8,587 normal samples[17].
In this study, we used GEPIA to verify the differential expression of UBE2s in OC and normal ovarian
tissues. In addition, the database was used to evaluate the correlations between different UBE2 members.
P<0.05 indicated statistically signi�cant differences.

http://www.oncomine.org/
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GEO dataset acquirement

Three distinct OC-related datasets (GSE51088, GSE73614, and GSE63885) and the corresponding clinical
information were retrieved from the GEO database (https://www.ncbi.nlm.nih.gov/geo/). GSE51088,
based on the GPL7264 platform (Agilent-012097 Human 1A Microarray (V2) G4110B), contained 140
epithelial ovarian malignant tumor samples, 12 borderline ovarian tumor samples, 5 benign ovarian
tumor samples, and 15 normal ovarian samples[18]. GSE73614, obtained with the GPL6480 platform
(Agilent-014850 Whole Human Genome Microarray 4x44K G4112F), contained 107 epithelial ovarian
cancer (EOC) samples[19]. GSE63885, based on the GPL570 platform (HG-U133_Plus_2; Affymetrix
Human Genome U133 Plus 2.0 Array), contained 70 serous and 5 nonserous OC samples with complete
clinical data[20]. All gene expression data were subjected to log2 transformation. 

TCGA data extraction and analysis

Somatic mutations data corresponding to UBE2T high-low expression samples were downloaded from
the TCGA-OV database. Data regarding OC-related gene copy number variations were downloaded from
the cBioPortal (http://www.cbioportal.org/), and the samples were divided into four groups according to
the copy number as follows: single deletions, diploid normal copy, low-ampli�cation and high-
ampli�cation. Wilcoxon test was used to compare the expression of UBE2T between two groups. UBE2
genetic variations in ovarian serous cystadenocarcinoma (such as ampli�cations, deep deletions,
fusions, and mutations) were also analyzed in the cBioPortal database. OC methylation data were
obtained from the Xena browser (https://xenabrowser.net/datapages/). Pearson correlation analysis was
applied to evaluate the correlation between the methylation level and the expression of UBE2T.

Kaplan-Meier plotter analysis

The Kaplan-Meier plotter (http://kmplot. com/analysis) contains information on 54,675 genes and 10,188
cancer samples, including breast (n=6234), lung (n=3452), ovarian (n=2190), and gastric (n=1440)
cancer. This tool is used to verify the impact of biomarker genes identi�ed from GEO, TCGA, and the
Cancer Biomedical Informatics Grid project on survival [21]. In this study, the Kaplan-Meier plotter was
used to evaluate the prognostic value of different UBE2 members. OC patients were separated into a high-
expression or a low-expression group, the best cutoff values were determined by algorithms embedded in
KM plotter. The relevant hazard ratios (HRs), 95% con�dence intervals (CIs), and log-rank P values were
calculated.

String protein network analysis

The Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) database (https://string-db.
org/) is an effective tool for the analysis of functional associations between proteins. It contains
information on 9.64 million proteins and 13.8 million interactions in 2,031 species[22]. We used the
STRING database to predict the upstream and downstream regulatory proteins of UBE2s and the
regulatory relations between these proteins in Homo sapiens. Interactions with a combined score >0.7

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE19188
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE33532
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE33479
https://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE33532
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL6480
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE33479
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(high con�dence) were considered signi�cant. This information was used to construct a protein-protein
interaction (PPI) network, and the Gene Ontology (GO) biological process and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment were analyzed by ClueGO and CluePedia plug-ins in
Cytoscape3.2.1.

Metascape enrichment and GSEA analysis

The Metascape resource (http://metascape.org/gp/index. html) was utilized to predict the potential
biological functions of target genes[23]. We used the cBioPortal database to identify genes that were co-
expressed with UBE2T. The co-expressed genes with Spearman’s correlation coe�cient ≥0.35 or <−0.35
were imported into Metascape for GO and KEGG pathway enrichment analysis. In the TCGA-OV database,
379 OC cases were divided into a high- and a low-expression group according to the median expression
value of UBE2T. GSEA 3.0 software was used to identify the potential hallmark between the two
expression groups by using default weighted enrichment statistics. “h.all.v6.2.symbols.gmt” was set as
gene set database, and gene permutations were set to 1000.

TISIDB immune analysis

The tumor-immune system interactions (TISIDB) database (http://cis. hku. hk/TISIDB) explores the
function of genes and their role in tumor-immune interactions, and contains data on 998 genes related to
antitumor immunity in 30 TCGA cancer types[24]. We employed the TISIDB database to predict
correlations between UBE2T expression and tumor immune in�ltrating cells, immune modulators, and
major histocompatibility complex (MHC) molecules in OC.

Participants and specimens

A total of 131 ovarian para�n-embedded tissue samples, surgically removed from inpatients at the
Shengjing Hospital of China Medical University from 2008 to 2014, were collected. Pathological
diagnosis was con�rmed by two pathologists from the Department of Pathology. All patients were
divided into 4 groups, including 86 cases of ovarian epithelial malignant tumors (all cases were primary
OC and none of the patients received chemotherapy or hormone treatment before surgery; clinical
information on all patients was complete), 20 cases of ovarian epithelial borderline tumors, 15 ovarian
epithelial benign tumors, and 10 normal ovarian tissues. The median ages of patients in the above 4
groups were 53 (19-78), 44 (26-87), 46 (28-67), and 43 (32-62) years, respectively. The age differences
between groups were not statistically signi�cant (P>0.05). The study was approved by the Clinical
Research Ethics Committee of Shengjing Hospital of China Medical University, and all patients signed an
informed consent.

Immunohistochemistry

The rabbit anti-human polyclonal antibody against UBE2T (10105-2-AP, 1:75) was purchased from
Proteintech (Chicago, IL, USA), and the Streptavidin-peroxidase (SP) immunohistochemistry kit was
purchased from Zsbio (Beijing, China). Ovarian tissues were �xed in 10% formalin, and 5-μm thick
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para�n sections were prepared. The SP method was used to detect the expression of UBE2T. The
presence of brownish-yellow staining on the cell membrane and in the cytoplasm was indicative of
UBE2T positivity. A lung cancer sample was used as a positive control and phosphate-buffered saline
was used instead of the antibody as a negative control. The staining intensity was classi�ed as negative,
light-yellow, brownish-yellow, and dark-brown, and scored 0, 1, 2, and 3, respectively. Based on the
percentage of positive cells, the following categories were created:<5%, 5%-25%, 26%-50%, 51-75%, and
>75%, which scored 0, 1, 2, 3, and 4, respectively. The �nal score was the product of the cell staining
intensity score and the positive cell rate score: 0–2 was negative (-), 3–4 weakly positive (+), 5–8
moderately positive (++), and 9–12 strongly positive (+++). Negativity and weak positivity were
considered indicative of low expression, whereas moderate and strong positivity corresponded to high
expression. To minimize the errors, each tissue section was independently reviewed by two observers.
Inconsistent results were reviewed by a third observer.

Statistical analysis

SPSS 22.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis, GraphPad Prism 8.0
(La Jolla, CA, USA) and "survminer" R package were employed to generate �gures. Chi squared and
Fisher’s exact tests were used to analyze counting data, while Student’s t-test was used to analyze
measurement data. Kaplan-Meier survival analysis and log-rank tests of the GEO database (GSE63885
and GSE73614) were used to assess the in�uence of UBE2T on OC prognosis, and the GSE51088 dataset
was used to compare the expression of UBE2T in different groups. Univariate and multivariate analyses
were based on Cox proportional hazard regression models. P values <0.05 were de�ned as indicative of
statistical signi�cance. The patients with malignant OC were followed up, and inpatient data and
telephone contacts were available. The last date of follow-up was November 30, 2019, and OS was
de�ned as the time interval between the date of surgery and the date of death or follow-up endpoint.

Results
Expression levels of UBE2 family members in patients with ovarian cancer

We selected 12 gene members of the UBE2 family based on their possible association with OC, and used
the Oncomine database to analyze their mRNA expression levels in different cancer and normal tissue
samples (Fig. 1a and Table 1). The database contained a total of 433, 467, 450, 299, 439, 452, 409, 444,
314, 392, 299, and 443 analyses for UBE2A, UBE2B, UBE2C, UBE2F, UBE2G, UBE2I, UBE2M, UBE2N,
UBE2R2, UBE2S, UBE2T, and UBE2V2, respectively. Oncomine analysis revealed that the mRNA
expression of UBE2C, UBE2M, UBE2N, UBE2S, UBE2T, and UBE2V2 was upregulated in patients with OC.
UBE2C mRNA levels were signi�cantly higher in 8 OC datasets: in Yoshihara’s dataset[25], UBE2C was
signi�cantly upregulated in 43 cases of ovarian serous adenocarcinoma compared with that in 10 normal
tissue samples (P=5.73E-13, fold change=12.955); in Lu’s dataset[26], UBE2C was overexpressed in
ovarian serous adenocarcinoma, endometrioid adenocarcinoma, and clear cell adenocarcinoma
(P=1.39E-7, fold change=2.358; P=1.43E-4, fold change=2.298; P=0.001; fold change=2.156); in the TCGA,
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 Adib’ s,  and Welsh’ s dataset[27, 28], UBE2C was highly expressed in ovarian serous carcinoma
compared with that in normal tissues. (P=2.24E-7, fold change=10.184; P=0.004, fold change=3.828;
P=8.50E-8; fold change=4.020, respectively). Similar results were reported by Bonome et al. in ovarian
carcinoma (P=2.50E-10, fold change=4.182)[29]. Moreover, in Bonome’s dataset[29], UBE2M (P=1.63E-7,
fold change=2.479), UBE2N (P=6.86E-10, fold change=2.111), and UBE2S (P=5.22E-11, fold
change=3.855) were upregulated in OC. In the TCGA dataset, UBE2S (P=1.53E-5, fold change=3.267) and
UBE2V2 (P=7.04E-8, fold change=2.031) were upregulated in ovarian serous cystadenocarcinoma.
Signi�cant UBE2T overexpression compared with that in normal tissues was found in Yoshihara’s dataset
(ovarian serous adenocarcinoma; P=4.30E-8, fold change=8.877)[25], and in Lu’s dataset (ovarian serous
adenocarcinoma and endometrioid adenocarcinoma; P=3.64E-8, fold change=2.751 and P=2.19E-6, fold
change=2.814, respectively)[26] In addition, the mRNA levels of UBE2B, UBE2G, and UBE2I were reduced
in patients with OC. In Bonome’s dataset[29], UBE2B (P=2.98E-9, fold change=−2.405), UBE2G (P=6.86E-
10, fold change=−2.111), and UBE2I (P=8.72E-8, fold change=−3.355) were downregulated in ovarian
carcinoma compared with those in ovarian surface epithelium. A similar trend was found for UBE2I in
Welsh’s [28] and TCGA datasets: the mRNA levels of UBE2I in ovarian serous surface papillary carcinoma
(P=8.10E-5, fold change=−3.672) and ovarian serous cystadenocarcinoma (P=2.93E-7, fold
change=−2.884) were signi�cantly lower than those in normal tissues. Moreover, Oncomine analysis
showed that the mRNA expression of UBE2A, UBE2F, and UBE2R2 was not signi�cantly different between
OC and normal tissues.

Next, we used the GEPIA database to compare the mRNA levels of different UBE2s in OC and normal
ovarian tissues (Fig. 1b). The results indicated that the expression levels of UBE2C, UBE2F, UBE2N,
UBE2S, and UBE2T were signi�cantly higher in OC tissues than in normal ovarian tissues, whereas those
of UBE2A, UBE2B, UBE2G, UBE2I, UBE2M, UBE2R2, and UBE2V2 were not signi�cantly different between
the two groups. Combined analysis of the GEPIA and Oncomine databases revealed that the expression
of UBE2C, UBE2N, UBE2S, and UBE2T was upregulated in OC compared with that in normal tissues.

Table 1 UBE2 expression in different types of ovarian cancer and normal ovarian tissues (Oncomine)
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Gene Dataset Tumor (cases) Normal (cases) Fold change t-test P-value
UBE2B Bonome Ovarian Carcinoma (185) Ovarian Surface Epithelium (10) -2.405 -14.212 2.98E-9
UBE2C Yoshihara Ovarian Serous Adenocarcinoma (43)  Peritoneum (10) 12.955 14.201 5.73E-13
  Lu Ovarian Serous Adenocarcinoma (20) Ovarian Surface Epithelium (5) 2.358 8.107 1.39E-7
  Lu  Ovarian Endometrioid Adenocarcinoma (9) Ovarian Surface Epithelium (5) 2.298 5.260 1.43E-4
  Lu Ovarian Clear Cell Adenocarcinoma (7) Ovarian Surface Epithelium (5) 2.156 4.314 0.001
  TCGA Ovarian Serous Cystadenocarcinoma (586) Ovary (8) 10.184 16.188 2.24E-7
  Adib  Ovarian Serous Adenocarcinoma (6) Ovary (4) 3.828 4.280 0.004
  Welsh Ovarian Serous Surface Papillary Carcinoma (28) Ovary (4) 4.020 13.503 8.50E-8
  Bonome Ovarian Carcinoma (185) Ovarian Surface Epithelium (10) 4.182 15.168 2.50E-10
UBE2G Bonome Ovarian Carcinoma (185)  Ovarian Surface Epithelium (10) -2.410 -14.317 6.69E-11
UBE2I TCGA  Ovarian Serous Cystadenocarcinoma (586)  Ovary (8) -2.884 -12.936 2.93E-7
  Welsh Ovarian Serous Surface Papillary Carcinoma (28) Ovary (4) -3.672 -4.312 8.10E-5
  Bonome  Ovarian Carcinoma (185) Ovarian Surface Epithelium (10) -3.355 -12.246 8.72E-8
UBE2M Bonome Ovarian Carcinoma (185) Ovarian Surface Epithelium (10) 2.479 9.829 1.63E-7
UBE2N Bonome Ovarian Carcinoma (185) Ovarian Surface Epithelium (10) 2.111 12.184 6.86E-10
UBE2S Bonome Ovarian Carcinoma (185) Ovarian Surface Epithelium (10) 3.855 14.375 5.22E-11
  TCGA Ovarian Serous Cystadenocarcinoma (586) Ovary (8) 3.267 8.944 1.53E-5
UBE2T Lu  Ovarian Endometrioid Adenocarcinoma (9) Ovarian Surface Epithelium (5) 2.814 8.153 2.19E-6
  Lu Ovarian Serous Adenocarcinoma (20) Ovarian Surface Epithelium (5) 2.751 7.789 3.64E-8
  Yoshihara Ovarian Serous Adenocarcinoma (43)  Peritoneum (10) 8.877 10.048 4.30E-8
UBE2V2 TCGA Ovarian Serous Cystadenocarcinoma (586)  Ovary (8) 2.031 14.981 7.04E-8

 

Genetic alterations of UBE2 family members in patients with OC

Genetic alterations of UBE2 members were analyzed by using the cBioPortal database. A total of 1680
cases from three datasets (489 cases from TCGA, Nature 2011; 585 cases from TCGA, PanCancer Atlas;
and 606 cases from TCGA, Provisional) of ovarian serous cystadenocarcinoma were analyzed (Fig. 2a,b).
The alteration rates were 28.47%, 19.86%, and 13.5%, in the 3 OC datasets, respectively. Twelve UBE2
genes showed various levels of genetic alteration. In all three datasets, only gene ampli�cation was
observed for UBE2C and UBE2V2; UBE2C exhibited the highest rate of ampli�cation (6.35% in TCGA),
while the rate of UBE2V2 ampli�cation was 4.46% in TCGA. Most genetic variations in UBE2 family genes
were ampli�cations and deep deletions, while mutations were found in UBE2A (0.17% in TCGA), UBE2M
(0.17% in TCGA and TCGA pub), and UBE2T (0.17% in TCGA PanCan), and multiple alterations were
found in UBE2A and UBE2I (both 0.17% in TCGA PanCan). In addition to gene ampli�cation and deep
deletions, UBE2G variations included gene fusions (1.37% in TCGA). The Kaplan-Meier curve indicated
that there was no signi�cant difference in OS and disease-free survival (DFS) regardless of the presence
of alterations in one of the query genes (P values, 0.804 and 0.393, respectively, Fig. 2c,d)

Prognostic value of UBE2 genes in patients with ovarian cancer

Kaplan-Meier plotter analysis was applied to assess the relationship between the mRNA expression of
individual UBE2 members and progression-free survival (PFS) in 1436 clinical OC patients (Fig. 3). We
found that the mRNA levels of UBE2A, UBE2B, UBE2C, UBE2G, UBE2N, UBE2R2, and UBE2T were
associated with OC prognosis, while those of the remaining members were not. Increased mRNA levels of
UBE2A, UBE2B, UBE2C, UBE2N, and UBE2T, and decreased mRNA levels of UBE2G and UBE2R2 were
signi�cantly associated with poor prognosis. 
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Ovarian serous tumors represent the most common histological subtype among ovarian tumors. The
prognostic value of UBE2 genes with expression levels signi�cantly correlated with OC prognosis was
further investigated in ovarian serous tumors. Increased mRNA levels of UBE2A (Fig. 4a), UBE2B (Fig. 4b),
UBE2C (Fig. 4c), UBE2G (Fig. 4d), and UBE2T (Fig. 4g) were signi�cantly correlated with poor OS in
patients with ovarian serous tumors. Interestingly, increased expression of UBE2A (Fig. 5a) and UBE2G
(Fig. 5d) was associated with shorter OS but longer PFS. Moreover, UBE2N (Fig. 5e) and UBE2T (Fig. 5g)
upregulation was signi�cantly correlated with poor PFS in patients with ovarian serous tumors, while
UBE2R2 downregulation (Fig. 4f, 5f) was correlated with poor OS and PFS. Based on the above results, in
patients with ovarian serous tumors, the expression levels of UBE2R2 and UBE2T were predictors of
favorable and poor prognosis, respectively.

By integrating the results of Oncomine, GEPIA, and KM plotter, we observed that UBE2T was signi�cantly
upregulated in ovarian cancer compared to normal tissues, and that high UBE2T mRNA expression was
signi�cantly correlated with shorter OS and PFS in patients with ovarian serous tumors. Moreover, we
assessed the prognostic value of UBE2T in relation to the pathological grade, FIGO stage, and TP53
status of ovarian serous tumors. Increased expression of UBE2T was correlated with poor OS in patients
with tumors of all FIGO stages (P<0.05, Fig. 6c,d). Moreover, UBE2T upregulation predicted poor OS in
patients with both mutated and wild-type TP53 (P<0.05, Fig. 6e,f). Although among patients with
well/moderate and poor differentiation, those with high UBE2T expression tended to have shorter OS
compared to patients with low UBE2T expression, the difference was not statistically signi�cant (P>0.05,
Fig. 6a,b).

Analysis of the interactions between UBE2 family members

Spearman’s correlation coe�cients were calculated by using the GEPIA platform to investigate the
relationships between the expression levels of different UBE2 members in OC (Fig. 6g). The coe�cients
ranged from 0.013 (UBE2B vs. UBE2M) to 0.67 (UBE2C vs. UBE2S). The results indicated a moderate
positive correlation between the expression levels of UBE2A, UBE2N, UBE2S, UBE2T, and UBE2V2
(0.3<r≤0.7), and a low positive correlation between the expression levels of UBE2C, UBE2F, UBE2M, and
UBE2R2 (0<r≤0.3). However, UBE2B showed a weakly positive correlation with other UBE2 genes, in
addition to a weakly negative correlation with UBE2C (r=-0.017).

A protein-protein interaction (PPI) network consisting of 12 UBE2 family members and 20 UBE2-
interacting proteins was visualized by using Cytoscape (PPI enrichment P value <1.0E−16). Among 32
nodes, the most signi�cant 10 proteins were UBA2, UBC, NEDD8, RAD18, SUMO1/2, RANBP2, RABGAP1,
ANAPC11, and CDC20. Biological process analysis showed that UBE2 proteins were mainly involved in
anaphase-promoting complex-dependent catabolic processes, protein neddylation, protein sumoylation,
postreplication repair, and positive regulation of ubiquitin protein ligase activity (Fig. 6h). Pathway
analysis showed that the UBE2 enzymes were mainly implicated in ubiquitin-mediated proteolysis, cell
cycle, oocyte meiosis, and progesterone-mediated oocyte maturation (Fig. 6i, Additional �le 1).

Molecular mechanisms related to UBE2T expression in ovarian cancer
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A total of 536 genes were obtained from the cBioPortal database, based on Spearman’s correlation
coe�cients higher than 0.35 between their expression and that of UBE2T. Information about the co-
expressed genes is shown in Additional �le 2. The Metascape portal was used, and P<0.01 was set as the
threshold value to screen the top GO annotations and KEGG pathway results regarding UBE2T and its
interactors. The top 20 GO enrichment items were classi�ed into three functional groups: biological
process (BP, 13 items), molecular function (MF, 1 items), and cellular component (CC, 6 items) (Fig. 7a).
Regarding the BP, the genes co-expressed with UBE2T were mainly involved in cell division, cell cycle
phase transition, DNA replication, DNA repair, and DNA conformation changes. Based on the MF, the
identi�ed genes were mainly associated with catalytic activity, acting on DNA. In terms of CC, the genes
were enriched in the following categories: chromosomal region, nuclear chromosome, spindle,
microtubule organizing center, and replication fork. The top 14 KEGG pathways for genes that were co-
expressed with UBE2T are shown in Fig. 7b. Among these, cell cycle signaling, DNA replication,
spliceosome, Fanconi anemia, and p53 signaling pathways were found to be involved in OC
tumorigenesis and progression. To further determine the relationship between the enriched terms, a
similarity network was constructed, where terms with a similarity >0.3 were connected by edges. The
network was visualized by using Cytoscape. Each node represented an enriched term and was colored
according to its cluster (Fig. 7c), and P-value (Fig. 7d). In patients with high UBE2T expression,
signi�cantly upregulated gene sets with nominal P<0.05 and FDR<0.25 included
“HALLMARK_E2F_TARGETS” and “HALLMARK_G2M_ CHECKPOINT”. The enrichment plots are shown in
Fig. 7e.

The presence of somatic mutations was investigated in cases with high and low UBE2T expression. TP53
and TTN were the top two mutated genes in both groups, and a high frequency of mutations in DST,
CSMD1, MUC17, and NEB genes was speci�cally found in patients with high UBE2T expression. Moreover,
mutations in TOP2A, VPS13B, NF1, AHNAK, and FLG2 were signi�cantly enriched in patients with low
UBE2T expression (Fig. 7f,g). KEGG pathway analysis further demonstrated that in patients with high
UBE2T expression the mutations mainly affected focal adhesion, calcium signaling, and ECM-receptor
interactions (Fig. 7h). To explore the cause of UBE2T upregulation in OC, we analyzed its correlation with
gene copy number and methylation level. We found that UBE2T expression increased with the copy
number. Therefore, the high level of UBE2T could be partially attributed to gene ampli�cation (Fig. 7i).
The expression of UBE2T was negatively correlated with the methylation level, as hypomethylation was
associated with high UBE2T expression (Pearson’ s (372)=-0.125, P=0.0162, Fig. 7j).

Correlation between immune factors and UBE2T expression in ovarian cancer

Recently, immunotherapy has received increasing attention, becoming a new treatment strategy for
ovarian cancer. We further explored the correlation between immune factors, including tumor-in�ltrating
lymphocytes (TILs) and immune modulators, and UBE2T expression in OC by using the TISIDB database.
Immune modulators can be further classi�ed into immune inhibitors, immune stimulators, and MHC
molecules. TILs with the highest correlation with UBE2T expression included act_CD4 cells (Spearman:
rho=0.331, P=3.57e-09), eosinophils (Spearman: rho=-0.424, P<2.2E-16), neutrophils (Spearman:
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rho=-0.274, P=1.23E-06), and memory B cells (Spearman: rho=-0.271, P=1.61E-06) (Fig. 8b). Immune
inhibitors with the highest correlation with UBE2T expression included CSF1R (Spearman: rho=-0.345,
P=6.53E-10), TGFB1 (Spearman: rho=-0.257, P=5.53E-06), KDR (Spearman: rho=-0.228, P=5.95E-05), and
CD160 (Spearman: rho=-0.155, P=0.0064) (Fig. 8d). Immune stimulators with the strongest correlation
with UBE2T expression included C10orf54 (Spearman: rho=-0.336, P=1.87E-09), NTSE (Spearman:
rho=-0.308, P=4.13E-08), TNFSF14 (Spearman: rho=-0.298, P=1.23E-07), and TNFSF15 (Spearman:
rho=-0.257, P=5.37E-06) (Fig. 8f). MHC molecules most strongly correlated with UBE2T expression
included HLA-E (Spearman: rho=-0.173, P=0.00245), HLA-DOA (Spearman: rho=-0.171, P=0.00265), HLA-
DQB1 (Spearman: rho=-0.129, P=0.0236), and HLA-DQA1 (Spearman: rho=-0.121, P=0.0341) (Fig. 8h).
Therefore, UBE2T may affect the immune activity in the OC microenvironment by regulating the above
immune factors.

UBE2T expression in different ovarian tissues

IHC staining demonstrated that UBE2T was mainly localized in the cytoplasm and the plasma
membrane. The rates of positive and highly positive expression of UBE2T in ovarian epithelial malignant
tumors (89.53% and 72.09%, respectively) were signi�cantly higher than in ovarian epithelial borderline
tumors (55.00% and 25.00%, respectively), ovarian epithelial benign tumors (26.37% and 13.34%,
respectively), and normal ovarian tissues (20.00% and 10.00%, respectively, Fig. 9b,c). Consistently,
GSE51088 analysis results showed a signi�cant upregulation of UBE2T in malignant tumors compared
to borderline tumors, benign tumors, and normal ovary (Fig. 9d).

Relationship between UBE2T expression and clinicopathological features of epithelial ovarian cancer

According to the median expression value of UBE2T, OC patients in GSE datasets were divided into a
high-expression and a low-expression group. We found a signi�cantly higher expression of UBE2T in
FIGO stage III–IV patients than in FIGO stage I–II patients in both clinical samples (85.11% vs. 56.41 %,
P=0.003) and GSE73614 (61.02% vs. 37.50 %, P=0.016). However, although UBE2T expression did not
signi�cantly correlate with age, stage of differentiation, presence of lymph node metastasis or pathologic
subtype in our clinical samples, it was strongly associated with the pathological subtype of OC in
GSE73614 (P=0.001, Table 2, 3). UBE2T displayed the highest high positive rate in serous carcinoma
(100%) and the lowest high positive rate in clear cell carcinoma (27.03%).

Table 2 Correlation between UBE2T expression and clinicopathological features in ovarian cancer clinical samples
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Characteristics  Cases Low    High   High positive rate Chi square Value
   (n=86) − + ++ +++  (%)  (P value)
Age (years)              0.031 (0.861)

60 67 9 10 26 22 71.64  
≥60 19 0 5 7 7 73.68  

FIGO Stage             8.724 (0.003*)
I-II 39 7 10 11 11 56.41  

  III-IV 47 2 5 22 18 85.11  
Differentiation             1.939 (0.164)

Well-moderately 47 7 9 21 10 65.96  
Poorly-undifferentiated  39 2 6 12 19 79.48  

Lymph node metastasis             1.418 (0.492)
No 57 6 12 19 20 68.42  
Yes 22 2 2 10 8 81.82  
No lymphadenectomy 7 1 1 4 1 71.43  

Pathological subtype             7.963 (0.093)
Mucinous 6 2 2 2 0 33.33  
Endometrioid 7 1 2 3 1 57.14  
Serous 57 5 10 23 19 73.68  
Poorly differentiated adenocarcinoma 10 1 1 3 5 80.00  
Clear cell carcinoma 6 0 0 2 4 100.00  

 

 

Table 3 Correlation between UBE2T expression and clinicopathological features in ovarian cancer patients of the GSE73614 dataset

Characteristics  Cases
 (n=107)

UBE2T expression
Low     High

High positive rate
 (%)

Chi square Value
 (P value)

Age (years)          0.231 (0.631)
60 52 27 25 48.08  

≥60 55 26 29 52.73  
FIGO Stage         5.856 (0.016*)

I-II 48 30 18 37.50  
  III-IV 59 23 36 61.02  
Differentiation         3.645 (0.162)
  Moderately 29 17 12 41.37  

Poorly 69 34 35 50.72  
Undifferentiated 9 2 7 77.78  

Pathological subtype         14.772 (0.001*)
  Clear cell carcinoma 37 27 10 27.03  

Endometrioid 66 26 40 60.61  
  Serous 4 0 4 100  

 

Relationship between UBE2T expression and prognosis in patients with epithelial ovarian cancer

During the follow-up period, of 86 patients with epithelial ovarian cancer, 32 died (37.20%) and 12 were
lost to follow-up (13.95%). The 5-year OS rate was 69.7% and the mean survival time 89.7 months (95%
con�dence interval (CI): 80.6 98.8 months). Kaplan-Meier survival analysis revealed that in patients with
high UBE2T expression the mean OS was signi�cantly lower than that in those with low UBE2T
expression (P=0.00093, Fig. 9e). Univariate Cox regression analysis indicated that the OS of OC patients
was markedly correlated with UBE2T expression, FIGO stage, and differentiation status (HR 6.462, 4.029,
and 0.372, respectively, all P<0.05). Multivariate analysis showed that high UBE2T expression, advanced
stage, and poorly differentiated or undifferentiated status were independent risk factors in patients with
OC (HR: 4.095, 3.210, and 0.422, respectively, all P<0.05, Table 4). Furthermore, high UBE2T expression
was con�rmed to be a predictor of poor OS in the GSE73614 (P=0.035, Fig. 9f) and GSE63885 (P=0.03,
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Fig. 9g) datasets. Moreover, application of the Cox regression model to the GSE63885 dataset con�rmed
high UBE2T expression as an independent risk factor for OS in OC patients (HR=1.717, P=0.031, Table 5).

Table 4 Univariate and multivariate analyses of overall survival in ovarian cancer clinical samples

Variable Univariate analysis    Multivariate analysis  
  HR (95% CI)  P value  HR (95% CI)  P value
Age        

60 vs. ≥60 1.345 (0.604-2.995) 0.469    
UBE2T expression        

High vs. low  6.462 (1.875-22.266) 0.003 4.095 (1.154-14.533) 0.029
FIGO Stage        

I-II vs. III-IV 4.029 (1.733-9.367) 0.001 3.210 (1.348-7.640) 0.008
Differentiation        

Poorly-undifferentiated vs. well-moderately 0.372 (0.179-0.772) 0.008 0.422 (0.201-0.884) 0.022
Pathological subtype        
  Serous vs. nonserous 1.177 (0.575-2.409) 0.656    
Lymph node metastasis        
  Yes vs. no 1.964 (0.959-4.022) 0.065    

             

 

Table 5 Univariate and multivariate analyses of overall survival in ovarian cancer patients of the GSE63885 dataset

Variable Univariate analysis    Multivariate analysis  

  HR (95% CI)  P value  HR (95% CI)  P value
UBE2T expression        

High vs. low  1.711 (1.048-2.793) 0.032 1.717 (1.052-2.803) 0.031
FIGO Stage        

II-III vs. IV 2.214 (1.093-4.485) 0.027 2.226 (1.102-4.495) 0.026
Differentiation        

Poorly-undifferentiated vs. moderately 2.321 (1.040-5.178) 0.04    
Pathological subtype 1.293 (0.517-3.233) 0.582    
  Serous vs. nonserous        

Discussion
E2-conjugating enzymes play a central role in the formation and progression of various tumors[30].
Although the role of some UBE2 members in OC has been con�rmed, to our knowledge, no studies have
comprehensively analyzed the prognostic value and functional mechanism of the UBE2 family in OC. In
this study, a systematic bioinformatics analysis was conducted to evaluate the potential role of UBE2
family genes as biomarkers of OC.

UBE2A and UBE2B are two RAD6 homologs originally identi�ed in yeast and required for DNA repair[31].
They are both upregulated in OC compared to normal ovarian tissues, and their high expression is
associated with poor prognosis in OC patients[6]. Downregulation of RAD6 was previously found to
reduce the expression of the cancer stem cell markers, ALDH1A1 and SOX2, and to increase the sensitivity
of OC cells to carboplatin[32]. UBE2C is a key regulator of cell cycle progression and mitosis[33]. It is
highly expressed in epithelial ovarian cancer (EOC), especially in high-grade serous adenocarcinoma, and
its high expression is an independent risk factor affecting the prognosis of EOC patients[34]. Another
study showed that blocking UBE2C expression by RNA interference inhibits the growth of OC cell
lines[35]. Two neddylation conjugating E2 enzymes, UBE2M and UBE2F, were found to play essential
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roles in paclitaxel (PTX)-induced cytotoxicity and tubulin polymerization in OC cell lines. A recent study
reported that UBE2M and UBE2F knockdown impairs protein neddylation and reduces the antitumor
activity of PTX in OC, suggesting new research directions on PTX chemoresistance [36]. The results of
our bioinformatics analyses were consistent with previous reports. Kaplan-Meier plotter analysis showed
that increased UBE2A and UBE2B expression was associated with poor PFS in OC patients and poor OS
in patients with serous ovarian cancer. UBE2C expression was signi�cantly higher in OC compared to
normal tissues, and predicted poor prognosis. Although UBE2F and UBE2M were signi�cantly more
expressed in OC compared to normal tissues, their levels had no correlation with prognosis.

UBE2I and UBE2N are involved in DNA repair and cell apoptosis[37, 38]. UBE2I expression was higher in
OC than in normal tissues, and correlated with clinicopathologic parameters. Moreover, UBE2I expression
level was higher in ovarian serous carcinoma compared to ovarian myxoid carcinoma, endometrioid
carcinoma, and clear cell carcinoma, and in advanced or poorly differentiated EOC compared to early or
well-differentiated EOC. Guo et al. reached similar conclusions, suggesting that UBE2I may be involved in
the progression and histopathological differentiation of OC[39, 40]. The downregulation of UBE2N in OC
may be related to the acquisition of resistance to PTX through the DNMT1-CHFR-Aurora A pathway. Thus,
UBE2N is a potential target of drugs aiming at reversing PTX resistance in patients with OC[41]. UBE2R2
plays a role in the ubiquitin-proteasome pathway[42], and the combination of UBE2R2-SMYD3-p53
signi�cantly promotes p53 ubiquitination and degradation, thereby inducing EOC progression and
metastasis[43]. However, some of our data were inconsistent with previous results. Oncomine analysis
showed that UBE2I and UBE2N were signi�cantly downregulated and upregulated in OC, respectively.
UBE2N overexpression was associated with poor PFS in OC patients, while UBE2R2 downregulation
correlated with poor OS and PFS in patients with ovarian serous tumors. We attribute these contradictory
�ndings to background heterogeneity between different databases, as well as to the limited number of
samples.

Currently, little is known about the biological function of UBE2G, and even less about its role in tumors.
Previous studies found that UBE2G is strongly expressed in the skeletal muscle and participates in the
degradation of muscle-speci�c proteins[44]. Our �ndings demonstrated that the expression level of
UBE2G in OC was signi�cantly lower than in normal ovarian tissues, and that this downregulation was
associated with poor PFS in OC patients, suggesting a tumor-suppressive role of this protein in OC. This
possibility needs to be veri�ed by further experiments.

Although there are few studies on the roles of UBE2S and UBE2V2 in OC, both genes are involved in the
occurrence and progression of other tumors. UBE2S was reported to be aberrantly expressed in some
gynecological tumors, including breast, cervical, and endometrial cancer, and its knockdown inhibits the
proliferation of cancer cells and promotes apoptosis[45-47]. UBE2V2 overexpression seems to be
involved in the pathogenesis of gastric cancer, and is signi�cantly associated with poor prognosis in ER-
positive/HER2-negative breast cancer[48, 49]. The current study demonstrated that both UBE2V2 and
UBE2S were signi�cantly upregulated in OC compared to normal tissues. However, there was no obvious
correlation between their expression levels and prognosis.
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UBE2T, also known as FANCT or HSPC150, is essential for FANCD2 monoubiquitination. It combines with
a speci�c ubiquitin E3 ligase to degrade speci�c substrates, contributing to DNA repair in the Fanconi
anemia pathway and playing a key role in cell proliferation and the maintenance of genomic stability[50].
Recently, UBE2T expression has been reported to be signi�cantly upregulated in hepatocellular
carcinoma[10], renal cell carcinoma[51], prostate cancer[15], breast cancer, and lung adenocarcinoma[52],
and its high expression is associated with poor prognosis in patients. Consistently, after integrating the
data on gene expression and prognostic value obtained from different databases, we found that UBE2T
was signi�cantly overexpressed in OC compared to normal ovarian tissues, and that its high expression
was associated with poor prognosis in both OC and serous ovarian cancer.

Various studies have shown that speci�c genetic alterations are related to cancer prognosis and potential
predictors of cancer metastasis[53, 54]. To verify the correlation between alterations in UBE2 genes and
OC, the cBioPortal database was analyzed, revealing an overall rate of genetic alterations ranging from
13.5% to 28.47% in the OC dataset, and a percentage of individual gene alterations ranging from 0.9% to
4%. However, alterations in single UBE2 genes had no signi�cant impact on OS or DFS, suggesting that
these changes did not directly affect OC prognosis.

Since UBE2T displayed the greatest correlation with OC among UBE2 family members, its clinical effects
in OC were further investigated. IHC staining and GEO database analysis con�rmed that UBE2T
expression was signi�cantly increased in ovarian epithelial malignant tumors compared to ovarian
epithelial borderline tumors, benign tumor, and normal tissues. The expression level of UBE2T in FIGO
stage III-IV tumors was signi�cantly higher than in FIGO stage I-II tumors, suggesting that UBE2T may
promote OC progression. In addition, Cox multivariate analysis indicated high UBE2T expression as an
independent risk factor affecting the prognosis of patients with EOC. Therefore, UBE2T is a candidate
biomarker for the prediction of OC prognosis.

Multiple evidence indicates that UBE2T acts as an oncogene in a variety of tumors, but its molecular
mechanism of action varies in different types of cancer. One study showed that UBE2T plays a role in the
proliferation and invasion of hepatocellular carcinoma cells by regulating the G2/M transition of the cell
cycle through the cyclin B1-CDK1 pathway[55], while another study found that UBE2T enhances p53
ubiquitination and degradation, promoting the carcinogenesis of hepatocellular carcinoma[10].
Furthermore, UBE2T downregulation reduces the activity of the PI3K/Akt signaling pathway, thus
inhibiting the proliferation and migration of renal cell carcinoma [51] and osteosarcoma cells[56].
Moreover, UBE2T promotes breast cancer progression by directly regulating the BRCA1/BARD1
complex[12]. Furthermore, UBE2T promotes nasopharyngeal carcinoma cell proliferation, invasion, and
metastasis by activating the AKT/GSK3β/β-catenin pathway[57]. Finally, UBE2T silencing in bladder or
gastric cancer was found to induce cell cycle arrest in G2/M phase, thereby promoting cancer cell
apoptosis and inhibiting tumor growth[13, 14]. However, the role of UBE2T in OC has not yet been
investigated.
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To clarify the role of UBE2T in OC at the molecular level, the functions and relevant pathways of UBE2T
co-expressed genes were investigated by enrichment analysis using the Metascape database. These
genes were mainly involved in processes related to cell cycle, including cell division, cell cycle phase
transition, DNA replication, and DNA repair, and predominantly implicated in cell cycle regulation, Fanconi
anemia signaling, and p53 signaling. GSEA results revealed that patients with high UBE2C expression
were signi�cantly enriched in E2F_TARGETS and G2M_ CHECKPOINT. KEGG pathway analysis elucidated
that the UBE2T high expression mutation group was signi�cantly enriched in focal adhesion, calcium
signaling, and ECM-receptor interactions. These processes are critical for tumor progression, which could
explain the role and molecular function of UBE2T in OC. 

In patients with high UBE2T expression, TP53, TTN, DST, FAT3, CSMD1, MUC16, and MUC17 exhibited a
signi�cant rate of alterations. TP53 mutation frequency in ovarian serous carcinomas has been reported
to range from 50% and 80%[58]; ubiquitous TP53 mutations are characteristic of high-grade serous
ovarian cancer (HGSOC) and related to relapse[59]. TTN encodes a large polypeptide expressed in many
cancer cell types and involved in oncogenesis, and its mutation has been found in OC by using an the
next-generation sequencing (NGS) library[60]. CSDM1 was present in the genome-wide homozygous
deletion pro�ling of HGSOC[61]. Gene expression pro�ling showed that MUC16 and MUC17 are
overexpressed in the majority of serous and mucinous ovarian carcinomas, respectively[62, 63]. We
hypothesize that mutations in these genes may be related to the high level of UBE2T expression in OC. In
addition, gene ampli�cation and hypomethylation were also identi�ed as possible causes of UBE2T
overexpression.

Growing evidence is being provided that the interaction between immune and cancer cells in the tumor
microenvironment has an impact on tumor progression[30]. OC is an immunogenic tumor that can be
recognized and attacked by the immune system. The accumulation of TILs in OC microenvironment is
related to prolonged OS of the patients, while immune escape events are associated with poor prognosis
[64, 65]. In this study, the correlation between UBE2T expression and the levels of in�ltrating immune cells
was analyzed by using the TISIDB-OV database. Particularly strong correlations were found between
UBE2T expression and the level of speci�c TIL populations (eosinophils, Act_CD4, neutrophils, and
memory B cells), immune inhibitors (CSF1R, TGFB1, KDR, and CD160), immune stimulators (NTSE,
TNFSF14, and TNFSF15), and MHC molecules (HLA-E, HLA-DOA, HLA-DQA1, and HLA-DQB1). The
in�ltration of B cells in HGSOC promotes anti-tumor responses, and chemotherapy enhances memory B
cell response. Hence, the presence of B cells is a predictor of improved survival in patients with OC[66].
CSF1R is overexpressed in OC and the determination of its circulating levels proved useful for disease
detection and the evaluation of therapeutic e�cacy[67]. It has been reported that the cells of ovarian
carcinoma produce large amounts of TGF-β1, which facilitates their escape from the immune system,
and the clinical e�cacy of immunotherapy based on TGF-β1-silenced tumor vaccines for OC has been
investigated[68]. We speculate that UBE2T overexpression may cause the reduction or depletion of
immune cells, leading to tumor progression by immune escape.
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Conclusion
In summary, our bioinformatics analyses highlighted a potential role of UBE2s in OC onset and
progression. However, our �ndings need to be supported by additional research and clinical data. IHC and
GEO analysis con�rmed that UBE2T was signi�cantly upregulated in OC, and that its high expression was
an independent risk factor and prognostic predictor for OC. UBE2T is also a potential biomarker for early
diagnosis and a candidate immune-related therapeutic target for OC. However, the biological properties of
UBE2T and the molecular events related to its overexpression in OC need to be further explored.
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Figure 1

Differential expression of UBE2s in cancer. a The mRNA expression levels of different UBE2 members in
various types of cancers (Oncomine). The numbers in the cells represent the data sets meeting the
threshold. Red and blue cells represent upregulation and downregulation, respectively. The color intensity
re�ects the level of signi�cance. b The mRNA levels of UBE2 members in OC and normal ovarian tissues
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(GEPIA). The box plots indicate UBE2 expression in 426 cases of OC (red) and 88 cases of corresponding
normal tissues (gray). *P<0.01

Figure 2

Frequency of UBE2 gene alterations in OC (cBioPortal). a Left, OncoPrint visual summary of alterations in
UBE2 family members; right, summary of genetic alteration frequency in UBE2 genes. b Analysis of
genetic alteration frequency in UBE2 family members in three datasets (TCGA, TCGA PanCan, and TCGA
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pub). The alterations included ampli�cation (red), mutations (green), fusions (purple), deep deletions
(blue), and multiple alterations (grey). c Kaplan-Meier plots comparing OS in cases with and without
UBE2 gene alterations. d Kaplan-Meier plots comparing DFS in cases with and without UBE2 gene
alterations

Figure 3

Prognostic value of UBE2 mRNA levels in patients with OC (PFS in Kaplan-Meier plotter). . a-l Prognostic
signi�cance of individual UBE2 members in OC. Red line means high expression and black line means
low expression. The P values were calculated using the log-rank test. *P<0.05
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Figure 4

Prognostic value of UBE2 mRNA levels in patients with ovarian serous tumors (OS in Kaplan-Meier
plotter). a-g Prognostic signi�cance of individual UBE2s in ovarian serous tumors. h Prognostic HRs of
individual UBE2s in ovarian serous tumors. Red line means high expression and black line means low
expression. The P values were calculated using the log-rank test. *P<0.05
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Figure 5

Prognostic value of UBE2 mRNA levels in patients with ovarian serous tumors (PFS in Kaplan-Meier
plotter). a-g Prognostic signi�cance of individual UBE2s in ovarian serous tumors. h Prognostic HRs of
individual UBE2s in ovarian serous tumors. Red line means high expression and black line means low
expression. The P values were calculated using the log-rank test. *P<0.05
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Figure 6

Prognostic signi�cance of UBE2T expression level in ovarian serous tumors of different pathological
grade (a,b), FIGO stage (c,d), and TP53 mutational status (e,f) (OS in Kaplan-Meier plotter). Analysis of
the interactions between UBE2 family members (GEPIA and Cytoscape). g Spearman’ s correlation
coe�cients between UBE2 family members. Red and blue cells represent positive and negative
correlations, respectively. The color intensity re�ects the strength of the correlations. h GO biological
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process enrichment analysis of UBE2s and their interactors. i KEGG pathway analysis of UBE2s and their
interactors. *P<0.05

Figure 7

Molecular mechanisms related to UBE2T expression in ovarian cancer (Metascape). a Bar graph of GO
enriched terms colored by P-values. b Bar graph of KEGG enriched terms colored by P-values. c Network
of enriched terms colored according to clusters: terms belonging to the same cluster are more closely
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related to each other. d Network of enriched terms colored according to P-value: the higher the number of
genes in each term, the higher the statistical signi�cance. e Gene sets signi�cantly enriched in patients
with high UBE2T expression (HALLMARK_E2F_TARGETS and HALLMARK_G2M_ CHECKPOINT). f Top 20
somatically mutated genes in patients with high UBE2T expression. g Top 20 somatically mutated genes
in patients with low UBE2T expression. h KEGG pathway analysis in the UBE2T high expression mutation
group. i Analysis of the correlation between copy number variation and UBE2T expression. j Analysis of
the correlation between methylation and UBE2T expression
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Figure 8

The correlation between immune factors and UBE2T in ovarian cancer determined by TISIDB analysis. a
Correlation between UBE2T expression and tumor-in�ltrating lymphocytes (TILs). b TILs with the highest
correlation with UBE2T expression. c Correlation between UBE2T expression and immune inhibitors. d
Immune inhibitors showing the highest correlation with UBE2T expression. e Correlation between UBE2T
expression and immune stimulators. f Immune stimulators showing the highest correlation with UBE2T
expression. g Correlation between UBE2T expression and MHC molecules. h MHC molecules exhibiting
the highest correlation with UBE2T expression. Red and blue cells indicate positive and negative
correlations, respectively. The color intensity re�ects the strength of the correlation.
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Figure 9

UBE2T expression in different ovarian tissues. Immunohistochemical detection of UBE2T in OC tissues
(a), borderline tumors (b), benign tumors (c), and normal ovarian tissues (d) (magni�cation, left ×200,
right ×400). e Positive rates of UBE2T expression in clinical samples of different groups. f Highly positive
rates of UBE2T expression in clinical samples of different groups. g UBE2T expression in the different
groups, according to the GSE51088 dataset. h Correlation between UBE2T expression and overall survival
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in 86 patients, based on clinical samples. i Correlation between UBE2T expression and overall survival in
107 samples, according to the GSE73614 dataset. j Correlation between UBE2T expression and overall
survival in 75 samples, according to the GSE63885 dataset. *P<0.05, **P<0.01, ***P<0.001, **** P<0.0001
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