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Abstract

BACKGROUND

Liver cancer ranks the third cause of cancer-related death worldwide. The most
common type of liver cancer is hepatocellular carcinoma (HCC). The survival time for
HCC patients is very limited by years due to the lack of efficient treatment, failure of
early diagnosis, and poor prognosis. Ubiquitination plays an essential role in the

biochemical processes of a variety of cellular functions.

AIM

The aim of this study is to investigate three ubiquitination-associated genes in HCC.

METHODS

Herein, the expression levels of ubiquitin-conjugating enzymes 2 (UBE2) including
UBE2C, UBE2T, and UBE2S in tumor samples of HCC patients and non-tumor controls
at the TCGA database, was comprehensively analyzed. The relationship of UBE2 gene
expression level with cancer stage, prognostic outcome, and TP53 mutant status was

studied.

RESULTS




Our results showed that UBE2C, UBE2T, and UBE2S genes were overexpressed in HCC
samples compared to non-tumor tissues. Dependent on the cancer progression stage,
three UBE2 genes showed higher expression in tumor tissues at all four stages
compared to non-tumor control samples. Furthermore, a significantly higher expression
of these genes was found in stage 2 and stage 3 cancers compared to stage 1 cancer.
Additionally, overexpression of those genes was negatively associated with prognostic
outcome and overall survival time. Patients with TP53 mutation showed a higher
expression level of three UBE2 genes, indicating an association between UBE2

expression with p53 function.

CONCLUSION

In summary, this study shed light on the potential roles of UBE2C, UBE2T, UBE2S on
diagnostic and prognostic biomarkers for HCC. Moreover, based on our findings, it is
appealing to further explore the correlation of those genes with TP53 mutation in HCC

and the related mechanisms.

INTRBDUCTION

Liver hepatocellular carcinoma (HCC, or LIHC) is the most common type of primary
liver cancer, which is the third most common cause of cancer-related death worldwidel-
21, Hepatitis viral infections, abuse of alcohol, liver fibrosis, and cirrhosis are the major
factors that cause liver cancer. HCC is closely associated with many metabolic diseases,
such as non-alcoholic fatty liver disease (NAFLD), diabetes, obesity, cardiovascular
diseasesl?l. Surgical operation is a curative treatment for early-stage of liver cancerl4.
However, most HCC cases were found at the late stage due to a lack of effective
diagnostic biomarkers, which are not suitable for surgical procedures [5l. Therefore,
early diagnostic and exploration of novel treatment options are urgently needed. The
mechanism-based investigation both on the genetic and molecular levels is necessary to

further facilitate the exploration of diagnosis and treatment.




Ubiquitin is a highly conserved regulatory protein in all eukaryotic organisms, and it is
covalently tagged to proteins, severing as a signal for further proteasome degradationlel.
Ubiquitination is an essential biochemical process, which contributes to a variety of
cellular functions, such as cell signaling pathway regulation, cell death, protein
degradation, innate and adaptive immune response. Due to the significant role of
ubiquitination in cell survival and death, it is closely associated with host health and
diseasel”. 8. When exploring the top overexpressed genes of E2 ubiquitin-conjugating
enzymes (UBE2) in HCC patient tumor samples from the Cancer Genome Atlas (TCGA)
database, UBE2C, UBE2T, and UBE2S were ranked as top 4, top 8, and top 31,
respectively. Those highly expressed genes draw our attention in exploring their roles
in cancers, specifically for HCC. Therefore, in this study, we focused on the
investigation of highly expressed UBE2C, UBE2T, UBE2S as potential biomarkers for
HCC diagnosis and prognosis, as well as their expression levels at different cancer
stages.

UBE2 is a large enzyme family that plays a fundamental role in the second step of
ubiquitination that connects the first step of ubiquitin activation by UBE1 enzyme and
together with the third step ubiquitin-protein ligation vizs UBE3 enzyme to conduct the
complex ubiquitination processl. UBE2C protein, encoded by gene UBE2C, was
reported to exacerbate cell apoptosis®l and contribute to chromosome mis-segregation
during the formation of tumors [10l. Overexpression of gene UBE2C has been found in
tumor cells of HCC patients compared to noncancerous liver cells in 62 out of the
studied 65 clinical casesl!!l. Most recently, another study also showed that UBE2C can
promote cancer cell growth and migration/'2.

UBE2T can bind to Fanconi anemia complementation group L (FANCL) and meditate
the monoubiquitinating of Fanconi anemia complementation group D2 (FANCD2), a
critical process of regulation associated with damaged-DNA repair in the Fanconi
anemia (FA) pathway[13. 14l It was also reported that UBE2T played an important role in
the carcinogenesis in different cancer types(!>18], such as human breast cancer cells[17.18],

lung cancer!], gastric cancerl2’, efc.




UBE2S serves as the key component on the degradation of anaphase-promoting
complex/cyclosome substrate via mitosis, in which process UBE2C is also involved[21l.
In breast cancer cells, UBE2S deficiency can suppress their migration, invasion, and
growth via disruption of actin cytoskeleton and focal adhesion!2?l. In addition, silencing
UBE2S reduced cell proliferation and colony formation of lung cancer cells, resulting in
cell apoptosis®l. In HCC, UBE2S was upregulated and showed oncogenic activity by
increasing p53 ubiquitinationl?!. Overall, these three genes play pivotal roles in cancer
cell progression and invasion, indicating the potential as biomarkers for HCC.

However, the bioinformatic-based systematic analysis of UBE2C, UBE2T, and UBE2S in
liver cancers from clinical patients have not been reported. Herein, this study carried a
comprehensive bioinformatic-based analysis of clinical data from the online database to
illustrate the significant roles of three UBE2 genes in HCC, by analyzing their gene
expression levels between non-tumor and tumor tissues, their association with cancer
progression stage, and their prognostic values, and by investigating their expression in
different cell types, association with TP53 mutation status, co-expression efficiency,

involved signaling pathways, and associated proteins in interaction networks.

MATERIALS AND METHODS

Ethics statement

All the data for this study originated and was generated from the online open resource
database and published literature.

TCGA database

The RNA-seq data and LIHC/HCC patient clinic information were originated and
generated from The Cancer Genome Atlas (TCGA). (TCGA Research Network:
https:/ /www.cancer.gov/tcga). The genomic alterations for UBE2C, UBE2T, UBE2S in
different liver cancer types were analyzed using cBioPortal
(https:/ /www.cbioportal.org/)2> 26l A survival heatmap was generated using
GEPIAIZ],

UALCAN




The expression level of the genes of interest on pan-cancer was analyzed using
UALCAN web-based tool. The quired gene expression level in pan-cancer was
analyzed using Student’s f-test to compare the normal and tumor group with p <0.05 as
significant differential expression. Heatmap was generated to display the RN A-seq data
using the median value of expression Log2 (TPM+1). Analysis of gene expression level
on HCC cancer progression stages, expression level on TP53 mutant status and non-
TP53 mutant status was performed using online resources UALCANI25],

Human Protein Atlas database

The analysis of RNA expression in different cell types and the expression location of
UBE2 genes in three different cells including epidermoid carcinoma cell line A-431,
human osteosarcoma cell line U-2 OS, and human glioblastoma cell line U-251 MG were
explored using the Human Protein Atlas database (Human Protein Atlas,
https:/ /www .proteinatlas.org, Protein Atlas version 21.0), an online public resource for
the investigation of protein-coding genes of variable cancers in cell and tissue
samples!29l.

STRING database for PPI network

In this study, the STRING online tooll*! was used to show the interaction of functional
enrichment of the generated network with queried input: UBE2C, UBE2T, UBE2S, and
TP53. (Default threshold for interaction specificity score > 04 was defined as
significant). The functional property was generated and summarized based on the
online information and literature.

Statistical analysis

The survival curve was generated using Kaplan Meier-plotter that was commonly used
for assessment of the gene expression on survival from a large database such as TCGA
samples. The significance of survival impact was measured by a log-rank test. A log-
rank p < 0.05 was set for statistically significant cut-off.

Expression of genes in tumor samples and normal samples using Student’s f-test
(considering unequal variance) for comparison between different groups. A p- value

less than 0.05 is considered statistically significant.




Overall survival heat map of the patients across multiple cancer types was generated
with the input of 95% Confidence Interval and the calculation of the hazard ratio based
on the Cox PH model. Pearson's correlation coefficient (r) was used to plot the co-

expression between quired input paired genes.

RESULTS

The expression levels of UBE2C, UBE2T, and UBE2S in pan-cancers

As shown in Figure 1, three UBE2 family members including UBE2C, UBE2T, and
UBE2S were highly expressed in most tumor samples compared to the corresponding
normal (non-tumor) samples. A formula of log2(TPM+1) was used to calculate the
UBE2 gene expression level, where TPM is transcripts per million. The case numbers for
each cancer were included in the figure. The expression level among normal and tumor
tissues are heterogeneous, with relatively high expression in both normal and tumors,
such as colon and rectum adenocarcinoma (COAD and READ), skin cutaneous
melanoma (SKCM), and thymoma (THYM). For HCC (or LIHC), UBE2C showed a high
expression level in tumor samples (n = 371) compared with normal samples (n = 50),
with the mean value of the log2(TPM + 1) of 4.2 for tumor samples and 0.7 for normal
samples. UBE2T also showed an increased expression level in tumor samples with the
mean value of log2(TPM + 1), compared to 0.6 for normal samples. Similarly, a higher
expression level was shown for UBE2S, with the value of the log2(TPM + 1) of 4 for
tumor samples and the value of log2(TPM + 1) of 2 for normal samples.

Expression level in liver cancer and normal samples

Similarly, the distribution of the expression UBE2C, UBE2T, and UBE2S indicated that
they were expressed in HCC tumor samples compared to normal samples (Figure 2A,
2B, 2C), indicating the potential as a diagnostic biomarker for HCC. Furthermore, the
expression of each gene at different tumor stages was analyzed to investigate the
association of gene expression with the tumor progression stage. The results
demonstrated that along with the progression of cancer, the expression patterns of

genes UBE2C, UBE2T, and UBE2S kept increasing from stage 1 to stage 3 (Figure 2D, 2E,




2F). There was a pike level at stage 3, while at stage 4, the expression level significantly
decreased for UBE2C and UBE2S compared to that from stage 2 and stage 3, even
though it was increased compared to that in normal tissue (Figure 2D and 2F). In
addition, the expression of UBE2T was also decreased at stage 4 of HCC, but without
significant change compared to that in stages 2 and 3, which might be impacted by the
sample size (Figure 2E). Even though, the significantly increased expression level of
those genes in HCC stage 1, 2, and 3 when compared to normal samples or compared
between stage 1 and stage 2&3, which suggests that it is valuable for further exploring
them as potential biomarkers or key genes mediating HCC progression.

Relationship between UBE2 expression and the survival of HCC patients

To explore the prognostic value of these gene expression levels in HCC patients, the
survival outcome of patients, the expression of UBE2 genes, and the survival curve
were analyzed. Remarkably, high expression levels of UBE2C, UBE2T, and UBE2S were
associated with a negative prognostic outcome in HCC patients. The patients with
overexpression of UBE2C (n = 91) showed significantly less survival time compared to
the patients with low or medium expression levels (n = 274) (Figure 3A, p < 0.0001). For
UBE2T, 277 patients with low or medium expression levels showed significantly higher
survival days compared to the patients (n = 88) with high expression levels (Figure 3B, p
< 0.0001). Similar results were also found for UBE2S, a significantly shorten survival
time was associated with the higher UBE2S expression level (n = 89) compared with
longer survival patients with low or medium expression levels of UBE2S (n = 276)
(Figure 3C, p < 0.0001).

In addition, with the analysis of prognostic markers for pan-cancers, the results
indicated that a higher expression level of UBE2C, UBE2T, and UBE2S was associated
with the poor prognostic outcome for most of the cancers, such as adrenocortical
carcinoma (ACC), kidney chromophobe (KICH), brain lower grade glioma (LGG)
(Figure 3D).

Genetic mutations in UBE2 genes in HCC




We further explored the underlying mechanisms of three UBE2 genes in HCC
development and progression. A total of 1238 samples were analyzed using the
cBioPortal from the TCGA pan-cancer database for genetic alterations including
mutations, structural variants, and copy number alteration of three UBE2 genes. The
OncoPrint results analyzed from cBioPortal showed the queried genes genomic
alteration frequency from TCGA studied HCC samples is 2.1% (26 out of 1238). Among
them, the genetic alteration occurred on genes UBE2T and UBE2S, and no alteration
was found for UBE2C (Figure 4A). Then, the genetic alteration based on liver cancer
subtypes was further analyzed. Among 1238 samples, 369 samples were HCC and 712
samples were hepatobiliary cancer. The genetic alteration was mostly found in HCC
and hepatobiliary cancer. For HCC, the overall genetic alteration frequency of genes
UBE2T and UBE2S was 6.23% (23 out of 369 samples) that largely resulted from
amplification (5.96%, 22 cases, red color) and less from mutation (0.27%, 1 case, green
color) out of 369 cases. For hepatobiliary cancer, the overall genetic alteration frequency
of genes UBE2T and UBE2S was 0.28% in total 712 cases with 1 case amplification
(0.14%) and 1 case mutation (0.14%) (Figure 4B). Specifically, for gene UBE2T, the only
genetic alteration type is amplification which was found in 21 out of 369 cases of HCC
samples, while no mutation had occurred for UBE2T (Figure 4C). For UBE2S, genetic
alteration occurred in 2 cases out of 369 cases (0.54%) in HCC, including 1 case of
mutation (0.27%) and 1 case of amplification (0.27%). Similarly, genetic alteration of
UBE2S occurred in 2 cases out of 712 cases (0.28%) in hepatobiliary cancer, including 1
case mutation (0.14%) and 1 case amplification (0.14%) (Figure 4D). Overall, the most of
genetic alteration occurred in HCC samples with 23 out of 369 samples (6.23%), which
was mainly from gene UBE2T.

RNA and protein expression patterns

Single-cell RNA sequencing (scRNA-seq) revealed three clusters c-6 (B-cells), c-15 (T-
cells), and c-16 (Erythroid cells) exhibited high mRNA expression of all three UBE2C,
UBE2T, and UBE2S (Figure 5A-G). In addition, the protein expression location in three
cell lines including A-431, U-2 OS, and U-251 MG (Human Protein Atlas,




https:/ /www.proteinatlas.org) indicated that UBE2C was mainly expressed in the
cytosol and plasma membrane, UBE2T was mainly expressed in nucleoli or
nucleoplasm, and UBE2S was highly expressed in the cytosol and plasma membrane
and less expressed in nucleoli (Figure 6). Furthermore, the co-expression relationship of
these genes was analyzed, since all three genes UBE2C, UBE2T, and UBE2S were
expressed by the same clusters in HCC. The correlation expression of pair-wise genes
was analyzed using Pearson methods (Figure 7A, 7B, 7C). Results showed there was a
co-expression between two paired genes (r = 0.83 UBE2C-UBE2S; r = 0.76 UBE2C-
UBE2T; r = 0.76 UBE2S-UBE2T). In addition, the analysis of co-expression of their
proteins also showed that there was a correlation among three proteins (Figure 7D),
indicating a co-expressing pattern.

TP53 mutation impacts the expression of UBE2S, UBE2T, and UBE2S genes

Notably, the expression levels of all three genes UBE2C, UBE2T, and UBE2S were
significantly higher in TP53 mutant samples compared with both normal samples and
non-TP53 mutant samples (Figure 7E, 7F, 7G). However, the correlation or causation
between the higher expression level of UBE2C, UBE2T, UBE2S, and TP53 mutation is
unknown. This finding of a comprehensive analysis of clinical patient samples was
supported by several studies. For example, overexpression of UBE2C in patients with
endometrial cancer was associated with cancer progression and recurrence, by
increasing endometrial cancer cell proliferation, migration, invasion, as well as the
process of epithelial-mesenchymal transition (EMT) through inhibition of p53
expressionPll. UBE2T can enhance the ubiquitination of p53 in HCC cells[32 33l
Similarly, UBE2S also can promote the ubiquitination of p53 and mediate its protein
degradation in HCC cells(?!l. Therefore, recovering or enhancing p53 function can
partially attenuate UBE2 genes-induced malignant phenotypes of tumor cells.
Protein-protein interaction network

To further investigate the association among three genes UBE2S, UBE2T, UBE2S, and
TP53 function, we generated the protein-protein interaction network using their

proteins and TP53. The most closely associated proteins related to these protein




interactions were analyzed using STRING, shown in Figure 7H. The functional

annotation and associated signaling pathways of the queried genes were summarized in

Table 1.

DISCUSSION

The early diagnostic of HCC or LIHC is critically important for cancer treatment and
selection of therapeutic methods(3-36l. In addition, a better understanding of the
development and progression of the cancer stage is helpful to choose the therapy that
can result in a good outcome. In this study, with clinical data analysis, we found that
the expression of UBE2C, UBE2T, and UBE2S was increased in tumor tissue compared
to normal tissue, and their expression was associated with the procession of cancer
stage from stage 1 to stage 3, although there was a decrease at last stage (stage 4). These
results suggest there is a potential to use those genes as biomarkers to assist the
diagnosis of HCC at the early-stage point. What’'s more, the results also showed that
there was a significantly increased expression level of those genes at stage 2 and stage 3
compared with stage 1 during HCC progression. This may shed light on the potential
usage of those genes as biomarkers to better predict the cancer progression stage.

UBE2 family members play a role in the development and prognosis of cancersl37. 3],
such as ovarian cancer. It has been shown that the mRNA expression of UBE2A in liver
cancer cell lines (e.g., HepG2 and Huh-7) was significantly higher compared to that in
normal liver cancer line HL-7702. Meanwhile, UBE2A mRNA and protein were highly
expressed in HCC tumor tissues than those in the adjacent normal tissues/®]. In HCC,
qPCR data showed that the expression of UBE2S was significantly increased in HCC
samples compared to non-tumor liver tissues/*’l. Another study showed that the
expression of UBE2T mRNA and protein was significantly increased in HCC tissues
compared to adjacent non-tumor tissues. A molecular mechanism study showed that
UBE2T can suppress the G2/M transition of hepatoma cells by regulating cyclin B1 and
cyclin-dependent kinase 1 expression(4l. A recent study showed that the expression of

UBE2T can be regulated by microRNA miR-212-5p, and overexpression of UBE2T can




promote HCC cell proliferation and migration/%2l. In this study, we have demonstrated
that overexpression of UBE2C, UBE2T, and UBE2S was associated with poor prognosis
and shorter survival time. These results indicate the gene expression levels of three
genes might be useful to assist to predict the outcome of HCC. Remarkably, our
analysis revealed that HCC tumors with TP53 mutant status exhibited significantly
higher expression levels of those genes compared with TP53 non-mutant status in
tumor samples. This finding shows the potential correlation between the
overexpression of investigated genes and TP53 mutation status, as well as their
contribution to HCC progression. A further mechanistic study needs to be investigated
in the field.

From the therapeutic and treatment standpoint, considering the significant roles of
UBE2CH3 4], UBE2TH> 4], and UBE2SI47. 4] in the ubiquitination process, which
contributes to the cellular function and their close association with tumor cell’s
function, UBE2C, UBE2T, and UBE2S could be used as a diagnostic biomarker to assist
the diagnosis and prediction of the progression of HCC as mentioned above. Most
importantly, the causation of the higher level of UBE2 expression, as well as the
contributing effect of those highly expressed UBE2 genes on the disease outcome
should be thoroughly investigated for further exploration of the effective therapeutic
strategy discovery.

Further studies from following aspects, such as 1) identification of causing factors of
UBE2 overexpression; 2) investigation of the underlying mechanism on overexpression
of UBE2 genes causing disease severity and poor survival outcome of patients; 3)
exploration of the associated therapeutic targets of UBE2; 4) the roles of co-expressed
genes from the analysis of protein-protein network in HCC; 5) the relationship of p53
mutation with UBE2 expression; will be studied in the future research to better

understand the role of three UBE2 genes in liver cancer.

CONCLUSION




This bioinformatic study sheds light on the important roles of UBE2C, UBE2T, UBE2S
for HCC diagnostic and prognostic as potential biomarkers. In addition, it is appealing
to further explore the correlation of those genes with TP53 mutation in HCC and the

related mechanisms.
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Research background
The expression of three ubiquitin-conjugating enzymes 2 (UBE2) including UBE2C,
UBE2T, and UBE2S was significantly increased in HCC samples compared to non-

tumor tissues.

Research motivation

To explore potential diagnostic and prognostic markers for HCC.

Research objectives

To identify the potential of UBE2C, UBE2T, and UBE2S as potential biomarkers as HCC.
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Online database was analyzed with different bioinformatic tools.

Research results

Our data showed that UBE2C, UBE2T, and UBE2S genes were overexpressed in HCC
samples compared to non-tumor tissues. Dependent on the cancer progression stage,
three UBE2 genes showed higher expression in tumor tissues at all four stages
compared to non-tumor control samples. Furthermore, a significantly higher expression
of these genes was found in stage 2 and stage 3 cancers compared to stage 1 cancer.
Additionally, overexpression of those genes was negatively associated with prognostic

outcome and overall survival time. Patients with TP53 mutation showed a higher




expression level of three UBE2 genes, indicating an association between UBE2

expression with p53 function.

Research conclusions

This bioinformatic study sheds light on the important roles of UBE2C, UBE2T, UBE2S
for HCC diagnostic and prognostic as potential biomarkers. In addition, it is appealing
to further explore the correlation of those genes with TP53 mutation in HCC and the

related mechanisms.

Research perspectives

Further studies from following aspects, such as 1) identification of causing factors of
UBE2 overexpression; 2) investigation of the underlying mechanism on overexpression
of UBE2 genes causing disease severity and poor survival outcome of patients; 3)
exploration of the associated therapeutic targets of UBE2; 4) the roles of co-expressed
genes from the analysis of protein-protein network in HCC; 5) the relationship of p53
mutation with UBE2 expression; will be studied in the future research to better

understand the role of three UBE2 genes in liver cancer.




74670 _Auto Edited.docx

ORIGINALITY REPORT

2o

SIMILARITY INDEX

PRIMARY SOURCES

www.ncbi.nlm.nih.gov 33 words — 1 0%

Internet

WWw.science.gov 15 words — < 1 0%

Internet

Gayathri Delanero'llle, Yutian .Zeng,.Peter Phiri, 12 words — < 1 /0
Thuan Phan et al. "Systematic Review and Meta-

analysis of Mental Health Impact on BAME Populations with
Preterm Birth", Cold Spring Harbor Laboratory, 2022

Crossref Posted Content

- 0
www.AdventHealthResearchinstitute.com 12 words — < '] A)

Internet

ON OFF
ON



