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Abstract

Ubiquitin-conjugating enzyme E2 C (UBE2C) is involved in tumor progression and cellular processes in many cancers
and is implicated in cell cycle regulation. However, its prognostic significance in Hepatocellular carcinoma (HCC) and
the mechanism of tumor immune response are unknown. The expression of UBE2C genes in HCC and normal tissue
samples was investigated based on The Cancer Genome Atlas (TCGA) LIHC dataset and validated by Gene Expression
Omnibus and Human Protein Atlas. Subsequently, the relationship between UBE2C gene expression, clinicopathologic
parameters, and each survival period was investigated by regression analysis and Kaplan-Meier survival curves. The set of
genes co-expressed with UBE2C was constructed and subjected to genomic enrichment analysis, GO and KEGG pathway
enrichment analysis. Finally, the relationship between UBE2C gene expression and immune cell infiltration, immunosup-
pressive molecules in tumor samples from the TCGA-LIHC dataset was investigated. UBE2C gene expression levels were
significantly higher in HCC samples compared to normal samples (p < 0.05). Higher UBE2C gene expression was closely
associated with higher tumor grade and later tumor stage. The results of Kaplan-Meier survival curves showed that the
survival of HCC patients with high UBE2C expression was shorter than that of patients with low UBE2C expression (p <
0.05, HR(CI) = 1.870[1.276, 2.741]). The results of PPl showed a high correlation between cell cycle-related proteins and
UBE2C gene expression. Additionally, the highly expressed UBE2C gene was associated with an increased number of
immunosuppressive molecules. UBE2C is an independent predictive marker for HCC patients, and the prognostic value
of survival is improved when combined with clinical stage information. This study reveals its potential as a prognostic
biomarker and as a new target for HCC intervention.
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1 Introduction

HCC is the most common form of liver cancer, accounting for about 90% of cases. The primary risk factors for developing
hepatocellular carcinoma are infections caused by the Hepatitis B virus and Hepatitis C virus [1]. According to the 2020 data,
hepatocellular carcinoma (HCC) has emerged as the third leading cause of cancer-related mortality on a global scale, with a
persistent upward trajectory in its incidence [2]. The combination of molecularly targeted therapies and immunotherapies is
emerging as a tool to enhance the immune system’s response to HCC-derived neoantigens [3]. In this context, bioinformatics
methods with the advantages of large sample sizes and high efficiency have been widely used in cancer research. This study
aims to study cancer diagnosis, prognosis, and immunotherapy using publicly accessible databases.

Ubiquitin-conjugating Enzyme E2 C (UBE2C) plays a crucial role in the ubiquitin-proteasome system as a member of the
ubiquitin-coupled enzyme complex. It has been shown that dysregulation of the ubiquitination process plays a vital role in
the development and progression of cancer, making ubiquitination a new therapeutic target for the treatment of cancer [4,
5]. UBE2C is activated by initiating ubiquitination modifications of cell cycle-associated proteins to ensure normal progres-
sion [6]. Numerous studies have demonstrated that UBE2C has relatively low expression in normal tissues but presents high
expression in tumor cells, such as colorectal [7], breast [8], lung [9], adrenocortical [10], thyroid [11], and hepatocellular car-
cinoma [12]. Previous studies confirmed that UBE2C is highly expressed in HCC and has a shorter survival, which portends a
poor prognosis [13-16]. However, there are fewer studies on the relationship between UBE2C and HCC immune infiltration.

To elucidate the possible correlation between UBE2C and HCC, this study conducted an integrative analysis of UBE2C
through cancer-related databases such as TCGA and GEO and delved into the relationship between UBE2C expression and
various immune cell infiltration.

2 Materials and methods

2.1 Data sources

2.2 TCGA database and GTEx database

TCGA (https://portal.gdc.cancer.gov/) provides clinicopathologic data about 33 distinct cancer types. It serves as a publi-
cally accessible data platform for extensive cancer genome initiatives [17]. High-throughput RNA sequencing (RNA-Seq)
information and clinical data by searching the TCGA database for ALL (pan-cancer) projects and TCGA-LIHC in level 3
HTSeqg-FPKM format. TCGA-LIHC includes 374 tumor samples and 50 normal control samples. Log2 transformation of
RNA-Seq data in FPKM format was used for subsequent R package analysis. As the database is publicly available, it does
not require the approval of the local ethics committee. The GTEx database contains a large number of normal human
tissue samples. RNA-Seq information in the liver was obtained from the GTEx database, which contains information on
110 normal samples [18].

2.3 GEO and HPA databases

The Gene Expression Omnibus (GEO, www.ncbi.nlm.nih.gov/geo/) is a globally accessible library with high-throughput
microarray and next-generation sequence functional genomic data that the research community has contributed [19].
The study included the GSE121248 and GSE84402 datasets from the GEO database. The GSE121248 includes 37 normal
and 70 tumor samples [20], and the GSE84402 includes 14 normal and 14 tumor samples [21].

The HPA contains a large amount of data on various human tissues, cells, pathology profiles, and proteomes [22]. In
addition, the database offers comprehensive information regarding the immunohistochemistry measurements of pro-
teins in both tumor and normal human tissue specimens. Immunohistochemical data of UBE2C differentially expressed
proteins in HCC, and normal human tissues were retrieved from the HPA database.

2.4 Characterization of UBE2C gene expression

An analysis was conducted on the expression of UBE2C in different tumor tissues and adjacent normal tissues, utilizing
many databases such as TIMER2.0 [23], TCGA, and GTEx. RNA-Seq data obtained from TCGA and GTEx were visualized
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using R software version 4.3.3 and the "ggplot2" package. In the statistical analysis, P < 0.05 was considered statisti-
cally significant, and the P values were normalized using the Bonferroni method. In order to assess the distinguishing
expression of UBE2C in hepatocellular carcinoma tissues and normal control tissues, an analysis was conducted using
immunohistochemistry (IHC) pictures obtained from the Human Protein Atlas (HPA) of both tumor and normal tissues.

2.5 Prognostic role of genetic characterization

Prognostic parameters such as Disease-Specific Survival (DSS), Overall Survival (OS), Disease-Free Interval (DFI), and
Progression-Free Interval (PFl) were analyzed using the "survival" package for TCGA patient data, and the thresholds for
the high- and low-expression UBE2C groups were determined using 1/3 values. The Wilcoxon signed-rank sum test was
used to determine the relationship between UBE2C expression and clinicopathologic features, and whether prognostic
genetic features were independent of other clinical parameters was predicted by univariate and multivariate Cox regres-
sions, with p < 0.05 considered statistically different. The probability of HCC 1-, 3-, and 5-OS was also predicted by con-
structing nomogram plots and comparing them with the actual incidence using calibration curves, with the 45-degree
line indicating the most accurate predictive value.

2.6 Enrichment analysis

In order to investigate the biological function of UBE2C, the "limma" package was used to analyze the TCGA-LIHC dataset
of patients with high and low expression of UBE2C, and a total of 106 co-expressed genes were identified with the screen-
ing criterion of |LogFC|> 1.5 and p < 0.05. The role of UBE2C in liver cancer was verified by Gene Ontology (GO) analysis.
A total of 106 co-expressed genes were identified, and the role of UBE2C in hepatocellular carcinoma was verified by
GO analysis, followed by Go Set Enrichment Analysis (GSEA) using the clusterPrifiler package to identify the enriched
pathways. In addition, genes differentially expressed with UBE2C were imported into the STRING database [24, 25], the
significance threshold was set at a confidence score greater than 0.4, the nodes not associated with the network were
hidden, and its biological function was visualized by Cytoscape 3.10.2 and ClueGO plugin.

2.7 Analysis of somatic mutation

The mutation status of the high and low UBE2C expression groups was determined and mapped using the "maftools”
package to obtain HCC SNV mutation data. Differences and similarities in mutation type, SNV classification, and muta-
tion rate between the high and low UBE2C expression groups were evaluated, and the top 30 genes with the highest
mutation rate were filtered out. Waterfall plots were also drawn to show the mutation status of the mutated genes.

2.8 Integrated analysis of the immune profile of different expression groups

Anti-tumour immunity can be conceptualized as a series of events including the release of cancer cell antigens (step
1), cancer antigen presentation (step 2), priming and activation (step 3), trafficking of immune cells to tumors (step 4),
infiltration of immune cells into tumors (step 5), recognition of cancer cells by T cells (step 6), and killing of cancer cells
(step 7) [26]. These processes reflect the tumor recognition and killing process and influence the outcome of tumor
immunotherapy. To further compare whether there are differences in anti-tumor immunity between different UBE2C
expression groups, gene sequences representing these seven steps of anti-tumor immunity were collected from the
Tumour Immunophenotype Tracking (TIP) database [26]. Tumor characteristics of different UBE2C expression groups were
assessed using seven immune process scores from the TIP database of antitumor immune cycles of HCC tumor specimens.

In addition, to further assess the differences in immune cell infiltration between different UBE2C expression groups.
Tumor immune infiltration analysis was performed using the "GSVA" and "CIBERSORT" software packages, including 16
different types of immune cells and 13 immune function scores obtained from He et al. [27]. The strength of the associa-
tion between UBE2C gene expression and different types of immune cell infiltration was then assessed by the Spearman
correlation algorithm. The log2-transformed gene expression matrix was uploaded to the TIDE database (http://tide.
dfci.harvard.edu/) [28] to assess the differentiation of tumor immune dysfunction and rejection (TIDE) scores. Estimated
scores, immune scores, stromal scores, and tumor purity were calculated for each tumor sample in the TCGA-LIHC dataset
using the "ESTIMATE" software package. In addition, the correlation between UBE2C expression and immunosuppression
was analyzed using the TISIDB database [29].
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3 Results
3.1 Differential expression of UBE2C

The flowchart of this study is shown in Fig. 1. High UBE2C expression is common in tumor tissues (Fig. 2A). This
phenomenon was similarly verified by the TIMER2.0 database (Fig. 2B). In the TCGA-LIHC dataset, UBE2C expression
was significantly elevated in HCC primary tumor samples (p < 0.001) (Fig. 2C). In addition, the expression of UBE2C
was also compared in TCGA tumor samples and GTEx normal samples, and UBE2C was found to be significantly up-
regulated in tumor tissues (p < 0.001) (Fig. 2D). Subsequently, a subjective operating characteristic (ROC) curve was
constructed to determine the diagnostic significance of UBE2C expression. The results of the study showed an area
under the curve (AUC) value of 0.978 (Cl = 0.964-0.992), suggesting a solid diagnostic potential for UBE2C (Fig. 2E). In
addition, UBE2C was significantly up-regulated in HCC samples compared to corresponding adjacent tissue samples
(p < 0.001) (Fig. 2F). Furthermore, it was verified that UBE2C gene expression was significantly up-regulated in HCC
using the GEO dataset (GSE121248, GSE84402) (Fig. 2G, H). The p-values were normalized for differential expression
across data sets (Table 1). Finally, the relative expression of the UBE2C protein was compared using immunohisto-
chemical data from the HPA database (Fig. 2I). The results showed that UBE2C protein was expressed more in tumor
samples than in normal tissue samples, suggesting that the expression patterns of UBE2C protein and RNA were
comparable in the database.

3.2 Relationship between UBE2C expression and clinical features

UBE2C expression differed from T-stage, pathologic stage, histologic grade, and OS event (death) (P < 0.05) (Fig. 3A-H).
The accuracy of this result was verified according to the chi-square test (Table 2). In addition, studies using univari-
ate methods showed that UBE2C expression correlated with other clinical characteristics, especially age (OR = 1.67
(1.09-2.55), p = 0.018), pathological stage (OR = 2.05 (1.25-3.36), p = 0.004) and histological grading (OR = 2.82

Fig.1 The flowchart of the Based on multi-cohorts profiles of RNA-Seq from TCGA, GEO and GTEx

current study
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Fig.2 Expression profile of UBE2C in malignant tumors. A Tumor samples (TCGA database) and normal samples (GTEx database). B
TIMER2.0 database. UBE2C expression in LIHC samples and neighboring normal samples (C-1). C TCGA database. D Tumor samples (TCGA
database) and normal samples (GTEx database). E Receiver operating characteristic curves for LIHC tissue and normal tissue samples. F Dif-
ferential expression between LIHC samples and neighboring samples. G Validation of UBE2C expression in LIHC samples and neighboring
normal samples (GSE121248). H Validation of UBE2C expression in LIHC samples and neighboring normal samples (GSE84402). | UBE2C pro-
tein was higher in LIHC tissues than normal tissues in the HPA database (antibody CAB011464). (*p < 0.05, **p < 0.01, ***p < 0.001, ****p <
0.0001, and ns, no statistical difference)

Table 1 Comparison of ID P-values Bonferroni

P-values before and after

Bonferroni treatment TCGA 4.65E-28 1.86E-27
TACG-GTEx 4.35E-49 1.74E-48
GSE121248 2.22E-11 8.88E-11
GSE84402 0.00000693 2.77E-05
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Fig.3 Relationship between UBE2C expression and clinicopathologic features of HCC (A-H). A Histologic grade. B Gender. C Age. D OS »
event. E Pathologic stage. F T-stage. G N-stage. H M-stage. Prognostic analysis of UBE2C expression (I-N). | Disease-free interval. J Disease-
specific survival. K Overall survival. L Progression-free interval. M Column line plot based on multivariate analysis with UBE2C expression
and clinical characteristics. N Calibration plots showing model prediction accuracy.(*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, and
ns, no statistical difference)

(1.81-4.40), p < 0.001), T stage (OR = 1.92 (1.18-3.11), p = 0.008), but correlated with sex (OR = 1.45 (0.94-2.24), p =
0.097), N stage (OR = 2.64 (0.27-25.74), p = 0.403) and M stage (OR = 0.28 (0.03-2.71), p = 0.271) correlations were
not statistically significant (Table 3). These results indicate a correlation between the expression of UBE2C and the
clinical characteristics of HCC.

3.3 Prognostic relevance of UBE2C expression

As shown by the Kaplan-Meier survival curves, the high UBE2C expression group was associated with a poor prognosis
of HCC, with a high correlation between DFI (HR (95% Cl) = 1.718 [1.192, 2.477], p = 0.00129, Fig. 31), DSS (HR (95% Cl) =
2.24411.374,3.663], p = 0.00022, Fig. 3J), OS (HR (95% Cl) = 1.870 [1.276, 2.741], p = 0.00031, Fig. 3K), and PFI (HR (95% Cl)
=1.704[1.227, 2.367], p = 0.00040, Fig. 3L). The association between UBE2C expression and poor prognosis in HCC was
demonstrated by Cox univariate and multivariate analysis (Table 4). In addition, a clinical prognostic risk score model
for HCC was constructed by using T-stage, N-stage, M-stage, age, gender, histologic grading, pathologic stage, and
UBE2C expression (Fig. 3M). The accuracy of the prediction model was also assessed by calibration plots (Fig. 3N). UBE2C
expression was a good predictor of 3- and 5-year survival probabilities. In summary, UBE2C expression was associated
with poor prognoses in HCC patients.

3.4 Functional enrichment of UBE2C co-expressed genes

To investigate the potential function of UBE2C in HCC patients, patients with high and low UBE2C expression in the
TCGA-LIHC dataset were analyzed using the "limma" package, and a total of 106 co-expressed genes were identified
using |LogFC|> 1.5 and p < 0.05 as the screening criterion (Fig. 4A, Supplementary Table 1). The PPl network showed
that CCNB1, CDK1, and FOXM1 were the top 3 proteins that significantly interacted with UBE2C (Fig. 4C). GO enrichment
analysis revealed that UBE2C co-expressed genes were significantly enriched in biological processes (BP) such as cell
cycle-related processes (such as chromosome segregation and mitosis), organelle fission, drug metabolism processes,
and epoxygenase P450 pathway. In addition, it was significantly enriched in molecular functions such as iron ion bind-
ing and various enzyme activities (Fig. 4B). Analysis in KEGG enrichment showed that UBE2C co-expressed genes were
enriched in signaling pathways such as cell cycle, retinol metabolism, chemical carcinogens, drug metabolism, steroid
hormone biosynthesis, bile secretion, linoleic acid metabolism, and tyrosine metabolism (Fig. 4G). Furthermore, the
ClueGo plugin in Cytoscape was utilized to evaluate the interrelationships among the enriched signaling pathways linked
to UBE2C co-expressed genes (Fig. 4D). The results of the GSEA enrichment analysis showed that the top five pathways
of the down-regulated genes associated with UBE2C were enriched in the complement and coagulation cascade, drug
metabolism, metabolism of cytochromes to xenobiotics, metabolism, and steroid hormone biosynthesis (Fig. 4E); the
top 5 pathways of UBE2C-related up-regulated genes were enriched for cell cycle-related processes (Fig. 4F). Finally, the
correlations between UBE2C and these genes were analyzed. The results showed that UBE2C was associated with cell
cycle-related genes (Fig. 5A-C), and UBE2C may interact with these genes to promote HCC development. And the cor-
relation between UBE2C and cell cycle-related genes was verified by GSE121248 dataset (Fig. 6A-C).

3.5 Association of UBE2C high and low expression groups with somatic mutations

Somatic mutation data of the UBE2C gene were detected in 365 HCC patients in the TCGA database. The waterfall plot
showed that the somatic mutation rate of patients in the high-expression group was 91.85% (169/184), with a high fre-
quency of mutations in TP53 and TTN (Fig. 7A). The somatic mutation rate of patients in the low-expression group was
90.61% (164/181), with higher mutation frequencies of CTNNB1 and TTN (Fig. 7B). Different UBE2C expression groups
showed significant pathway enrichment, and UBE2C exhibited somatic gene mutations in cancer-related signaling path-
ways such as RTK-RAS, TP53, WNT, Hippo, and NOTCH (Fig. 7C, D), which suggests that it plays a vital role in cancer devel-
opment. Missense mutations occurred most in the UBE2C high and low expression groups, followed by Frame_Shift_Del.
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Table 2 Relatiqnship between Characteristic Low expression of UBE2C High expression of UBE2C  p
UBE2C expression and
clinicopathologic features of n 185 185
HCC patients Age, n(%) 0.024
<=65 105 (56.8%) 127 (68.6%)
> 65 80 (43.2%) 58 (31.4%)
Gender, n(%) 0.121
Female 53 (28.6%) 68 (36.8%)
Male 132 (71.4%) 117 (63.2%)
T stage, n(%) 0.001
T 109 (59.9%) 72 (38.9%)
T2 38(20.9%) 55 (29.7%)
T3 30(16.5%) 50 (27.0%)
T4 5(2.75%) 8(4.32%)
N stage, n(%) 0.626
NO 118(99.2%) 134 (97.8%)
N1 1(0.84%) 3(2.19%)
M stage, n(%) 0.336
MO 121 (97.6%) 145 (99.3%)
M1 3 (2.42%) 1(0.68%)
Pathologic stage, n(%) <0.001
Stagell 102 (59.3%) 69 (39.7%)
Stagelll 37 (21.5%) 48 (27.6%)
Stage lll 29 (16.9%) 56 (32.2%)
Stage IV 4(2.33%) 1(0.57%)
Histologic grade, n(%) <0.001
G1 42 (23.1%) 13 (7.10%)
G2 95 (52.2%) 82 (44.8%)
G3 41 (22.5%) 80 (43.7%)
G4 4 (2.20%) 8 (4.37%)
Tables" Logistic regressiop Characteristics Total(N) Odds ratio(OR) p-value
analysis of UBE2C expression
Age (<= 65 vs. > 65) 370 1.67 (1.09-2.55) 0.018
Gender (Male vs. Female) 370 1.45 (0.94-2.24) 0.097
Pathologic stage (stage | and stage Il vs. stage Ill 346 2.05 (1.25-3.36) 0.004
and stage IV)
Histologic grade (G1 and G2 vs. G3 and G4) 365 2.82(1.81-4.40) <0.001
T stage 367 1.92(1.18-3.11) 0.008
N stage 256 2.64 (0.27-25.74) 0.403
M stage 270 0.28 (0.03-2.71) 0.271

SNP mutations were the most common type, with C>T and C>A accounting for 48.5% and 47.2% of SNP mutations in
the UBE2C high and low expression groups, respectively (Fig. 7E, F).

3.6 Relationship between UBE2C high and low expression groups and the seven steps of the anti-tumor
immune cycle

The genes characterizing the seven steps of the anti-tumor immune cycle were downloaded and analyzed through the

TIP database (Supplementary Table 2). Compared with the UBE2C low-expression group, the release of cancer cell anti-
gens (step 1) was significantly higher in the UBE2C high-expression group. However, there were no significant difference
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Table 4 Univariate and multivariate Cox regression analysis of clinical characteristics
Characteristic Univariable Multivariable
HR (95% Cl) p HR (95% Cl) p
oS Age 1.01 (1.00-1.03) 0.078
Gender (Male vs. Female) 1.23(0.86-1.75) 0.26 <0.001
Pathologic stage (stage | and stage Il vs. stage Ill and stage IV) 2.45 (1.69-3.55) <0.001 1.45 (0.20-10.66) 0.716
Histologic grade (G1 and G2 vs. G3 and G4) 1.12(0.78-1.61) 0.539
T stage (T1 and T2 vs. T3 and T4) 2.54(1.78-3.61) <0.001 1.78 (0.24-13.08) 0.572
N stage (NO vs. N1) 2.00 (0.49-8.16) 0.334
M stage (MO vs. M1) 4.03 (1.27-12.83) 0.018 2.75 (0.80-9.38) 0.107
UBE2C (Low vs. High) 1.44(1.01-2.03) 0.041 1.60 (1.01-2.56) 0.072
DSS Age 1.00 (0.99-1.02) 0.724
Gender (MALE vs. FEMALE) 1.19(0.76-1.88) 0.452
Pathologic stage (stage | and stage Il vs. stage lll and Stage IV) 3.71 (2.28-6.01) <0.001 2.44 (0.32-18.46) 0.389
Histologic grade (G1 and G2 vs. G3 and G4) 1.12(0.70-1.78) 0.635
Tstage (T1 and T2 vs. T3 and T4) 3.54 (2.27-5.54) <0.001 1.49(0.20-11.21) 0.696
N stage (NO vs. N1) 3.55(0.85-14.72) 0.081
M stage (MO vs. M1) 5.10(1.23-21.16) 0.025 3.16 (0.69-14.50) 0.138
UBE2C (Low vs. High) 1.67 (1.07-2.62) 0.025 1.82(0.98-3.39) 0.059
DFI Age 1.00 (0.98-1.01) 0.621
Gender (Male vs. Female) 0.85 (0.60-1.22) 0.385
Pathologic stage (stage | and stage Il vs. stage lll and stage 1V) 2.36 (1.63-3.41) <0.001 0.98 (0.14-7.08) 0.983
Histologic grade (G1 and G2 vs. G3 and G4) 1.23(0.88-1.73) 0.222
Tstage (T1and T2 vs. T3 and T4) 2.36 (1.65-3.38) <0.001 2.39(0.33-17.46) 0.391
N stage (NO vs. N1) 1.58 (0.39-6.41) 0.524
UBE2C (Low vs. High) 1.56 (1.12-2.17) 0.009 1.45 (1.03-2.05) 0.035
PFI Age 1.00 (0.98-1.01) 0.421
Gender (MALE vs. FEMALE) 1.03 (0.75-1.40) 0.861
Pathologic stage (stage | and stage Il vs. stage lll and stage V) 2.21(1.60-3.07) <0.001 1.48 (0.36-6.17) 0.588
Histologic grade (G1 and G2 vs. G3 and G4) 1.15(0.85-1.56) 0.356
Tstage (T1 and T2 vs. T3 and T4) 2.19 (1.59-3.00) <0.001 1.40 (0.34-5.85) 0.645
N stage (NO vs. N1) 1.39(0.34-5.61) 0.648
M stage (MO vs. M1) 3.44 (1.08-10.97) 0.037 2.70(0.81-8.98) 0.106
UBE2C (Low vs. High) 1.55(1.16-2.09) 0.003 1.52(1.05-2.18) 0.025

in cancer antigen presentation and priming and activation (steps 2 and 3) (Fig. 8A). For step 4, the chemotaxis ability of
TH22 cells, and Treg cells in the high-expression group was significantly more potent than that of the low-expression
group (Fig. 8B). Next, infiltration of immune cells into tumors, recognition of cancer cells by T cells and killing of cancer
cells were significantly lower in the high-expression group than in the low-expression group (steps 5-7) (Fig. 8C). This
result may indicate that HCC may survive and proliferate by using immune checkpoints to evade surveillance by the
immune system.

3.7 Relationship between UBE2C expression and immune cell infiltration

The immune infiltration of the tumors was analyzed based on 16 different types of immune cells and 13 marker genes for
immune function scores obtained from the study of He et al. and using the "GSVA" and "CIBERSORT" software packages,
respectively. The results of immune infiltration showed that UBE2C expression was significantly different from a variety
of immune cell infiltrations. Among them, those that showed positive correlation were aDCs (R = 0.29, p = 1.8e-08),
Dendritic cells resting (R =0.18, p = 0.00047), iDCs (R =0.12, p = 0.021), Macrophages M0 (R = 0.24, p = 2.9e-06), Tfh
(R=0.23, p = 1e-05), Tregs (R = 0.25, p = 1e-06), and also presenting negative correlations were Macrophages M2 (R
=—0.25, p =9e-07), Mast cells (R =— 0.2, p = 6.8e-05), Monocytes (R =— 0.2, p = 0.00014), NK cells (R =—0.23, p = 8.9e-06)
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Fig. 4 Differential expression and functional enrichment analysis of UBE2C genes (A-C). A Volcano plot of UBE2C expression patterns illus- »
trating differentially co-expressed genes. B Top 8 terms of UBE2C co-expressed genes based on the GO analysis, including biological process
(BP), cellular component (CC), and molecular function (MF) terms. C PPl network of UBE2C differentially co-expressed genes. GSEA enrich-
ment analysis of UBE2C differentially co-expressed genes (D-G). D UBE2C co-expressed gene enrichment signaling pathways and interac-
tions between pathways. E, F UBE2C up-regulates or down-regulates the top five pathways of related genes. G KEGG-enriched pathway of
UBE2C-related genes

(Figs. 9A-C, 10). In addition, immunofunctional analyses showed that UBE2C expression was significantly different from
APC co-stimulation, Type | IFN Response and Type Il IFN Response (Fig. 9D) and significantly different from Type | IFN
Response (R =—0.22, p = 1.9e-05), Type Il IFN Response (R =—0.52, p < 2.2e-16) showed negative correlation (Fig. 9F).

3.8 Relationship between UBE2C and tumor immune microenvironment

The relationship between the differential expression of UBE2C and inhibitory immune molecules was investigated based
on the TISIDB database. The findings revealed that IL10RB, LAG3, CTLA4, HAVCR2, TGFB1, TGFBR1, LGALS9, PDCD1, TIGIT,
and VTCN1 exhibited significant up-regulation in the UBE2C high-expression group, while KDR demonstrated significant
down-regulation (p < 0.001) (Fig. 9E), and validated the relationship between UBE2C and immunosuppressive molecules
in the GSE121248 dataset (Fig. 6D). Then, the results of the correlation between UBE2C and immunotherapy efficacy
showed that the TIDE score and T-cell exclusion rate were higher in the UBE2C high-expression group (Fig. 9G, H). In
contrast, the T-cell dysfunction score was reduced (Fig. 91), and it was significantly different from MDSC, CD8 and MSI (p
< 0.001) (Fig. 11). In addition, patients with high UBE2C expression had relatively lower stromal scores and estimated
scores and relatively higher immune scores and patient tumor purity. However, UBE2C expression was only significantly
different from the stromal score (Fig. 9J-M).

To investigate the involvement of UBE2C in the HCC immune microenvironment, the relationship between UBE2C
expression and immune microenvironment parameters was assessed using the TISIDB database (Fig. 12, Supplemen-
tary Table 3). According to Fig. 12, the immunostimulants with the strongest correlation with UBE2C: CD276 (R = 0.54,
p <0.001), TNFRSF18 (R = 0.42, p < 0.001) (Fig. 12A); Chemokines: XCL1 (R =0.36, p < 0.001), CCL20 (R =0.35, p < 0.001)
(Fig. 12B); MHC molecules: TAP1 (R=0.27, p <0.001), TAPBP (R=0.22, p < 0.001) (Fig. 12C); Immunosuppressants: PDCD1
(R=0.36,p <0.001), CTLA4 (R=0.35, p < 0.001) (Fig. 12D); Chemokine receptors: CCR10 (R=0.51, p < 0.001), CXCR3 (R =
0.29, p < 0.001) (Fig. 12E). All these results suggest that UBE2C is likely to play a complex regulatory role in the immune
microenvironment of HCC.

4 Discussion

Cancer presently ranks as the primary or secondary cause of untimely mortality in the majority of nations across the
globe. By 2070, the prevalence of all types of cancer is projected to increase twofold in comparison to the year 2020 [30].
Previous studies have found that tumor development and progression are closely related to metabolic abnormalities
and alterations in the immune microenvironment. There is evidence that metabolism plays a significant role in tumo-
rigenesis and development [31]. For example, lipid and glutamine metabolism have been implicated in tumorigenesis
and development [32].

Recent studies have shown that UBE2C gene expression is significantly up-regulated in a variety of tumors com-
pared to normal tissue samples [33], and UBE2C gene expression levels are associated with many types of tumors,
with UBE2C being almost undetectable in normal tissues [34, 35]. Although several studies have demonstrated
the differential expression and function of UBE2C genes in tumors [36, 37], there are fewer studies on UBE2C gene
expression associated with immunotherapy response. Therefore, this study performed ROC and Wilcoxon analyses
on the training and validation datasets. These analyses aimed to confirm the expression level of UBE2C in HCC and
its diagnostic utility. The results showed higher levels of UBE2C expression were exhibited in HCC compared to
controls. Notably, the AUC values in the RPC analysis exceeded 0.9, highlighting the great potential of UBE2C as a
biomarker for diagnosing and treating HCC. In addition, according to Figs. 2F and 7 results, UBE2C was differentially
expressed in tumor tissues and adjacent normal tissues, and different UBE2C expressions exhibited different somatic
mutation expression profiles. For example, TP53 mutation was highest in the high expression group, while CTNNB1
mutation was highest in the low expression group. It has been shown that UBE2C can be used as a prognostic
biomarker for some tumors, such as prostate cancer [38] and breast cancer [39]. Prior research has demonstrated
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Fig.5 Relationship between UBE2C and cell cycle-related genes. A-C Correlation of UBE2C with gene expression in the TCGA database

that the overexpression of UBE2C leads to chromosome mismatches and alters the cell cycle mechanism, thereby
facilitating cellular proliferation [40, 41]. This suggests high UBE2C expression may promote HCC cell proliferation
by altering cell cycle mechanisms.

In this study, we systematically described the associations between UBE2C and the clinical characteristics of HCC
patients, prognostic associations with four survival endpoints, and associations with the immune microenvironment and
its factors. By immunohistochemistry, UBE2C protein expression was significantly increased in tumor tissues compared to
normal tissue samples. In addition, high expression of UBE2C was found to be significantly associated with OS, DSS, DFI,
and PFl in HCC patients. Taken together, UBE2C may serve as a prognostic marker for HCC. In studies related to clinical
features, UBE2C was significantly correlated with pathological stage, histologic grading, and T-stage. UBE2C expression
was significantly correlated with DFI and PFI, as shown by unifactorial and multifactorial Cox survival analysis, suggesting
that UBE2C may be a reliable marker of prognosis in HCC patients.

In the G2/M phase of the cell cycle, CCNB1 and CCNB2 can map CDK1 to form a complex that regulates mitotic initiation
[42]. It has also been shown that high CCNB1, CCNB2 and CDK1 expression is associated with a poor prognosis in HCC
patients [43]. Existing studies have shown that CCNB1 and CCNB2 play an essential role in mediating the G2/M transition
in the cell cycle [44]. In addition, it has been shown that CCNA2 expression is similarly reduced after silencing UBE2C
[45], which is consistent with our results. The G2/M transition in eukaryotes is mainly regulated by the CDK1/Cyclin B1
complex, and depletion of CDK1 leads to blockade of the G2/M transition [46, 47]. Interestingly, UBE2C expression levels
were significantly and positively correlated with CCNB1, CCNB2, CDK1, and CCNA2 expression levels. Similarly, GO and
KEGG enrichment analyses showed that UBE2C may regulate HCC development through cell cycle-related pathways and
biological processes. This suggests that UBE2C may mediate the G2/M transition in the cell cycle by promoting CCNBT,
CCNB2 and CDKT1, which in turn promotes the proliferation and development of HCC.
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Fig.6 Relationship of UBE2C to cell cycle-related genes and immunosuppressive molecules. A-C Correlation of UBE2C with cell cycle-
related gene expression in the GSE121248 dataset. D Relationship between UBE2C and immunosuppressive molecules in the GSE121248
dataset

In this study, we innovatively and systematically introduced the correlation between UBE2C expression and the tumor
immune microenvironment in HCC patients. The investigation revealed that many dendritic cells, requlatory T cells, and
macrophages invaded the UBE2C high-expression group. These cells were found to control the immune milieu and facili-
tate tumor growth in specific circumstances. It has been shown that Treg cells maintain immune tolerance in tumor tissues
through immunosuppressive effects, thus exerting immunosuppressive effects and allowing tumor cells to evade immune
killing [48, 49]. Thus, UBE2C can influence the infiltration of immune cells by directly or indirectly regulating the tumor
immune microenvironment. Most importantly, high UBE2C expression correlates highly with the immune checkpoints
PDCD1 (PD-1) and CTLA4. PD-1 binds to PD-L1 on tumors and can street effective inhibitory signals, an effect that has a
detrimental impact on anti-tumor immunity [50]. CTLA4 is expressed primarily on activated T cells and can restrict APCs
through competitive binding of interactions between surface-expressed CD28 and CD80/CD86, leading to immunosup-
pression [51]. Based on these findings, it is hypothesized that high expression of UBE2C may competitively inhibit the
antigen presentation function of APC by promoting the cell surface factor CTLA4. At the same time, it may also promote
HCC immune evasion by facilitating the binding of PD-1 to PD-L1 and thus HCC immunity. Interestingly, high expression
of UBE2C implies a high immunity score in KIRC and a decreased level of CD4 T cell and macrophage infiltration in LUAD
[52, 53]. However, the results of the present study showed that UBE2C expression was not statistically different from the
immunity score and showed a positive correlation with CD4 T cells and macrophages. This demonstrated the differential
role of UBE2C in different tumor tissues.

The immunosuppressive environment of HCC is known to have pro-tumorigenic properties [54]. MDSC, as a repre-
sentative immunosuppressive component in HCC, promotes tumor cell survival and proliferation, accelerates tumor
vascular growth and metastasis, and suppresses anti-tumor immune responses [55]. MDSC can suppress T-cell activity
by expressing a series of effector molecules containing chemokines (e.g., CCL3, CCL4, CCL5) effector molecules to inhibit
T cell activity [56]. According to Figs. 11 and 12, UBE2C showed a positive correlation with these chemokines, and MDSC
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Fig. 7 Genetic variation of UBE2C in LIHC from the TCGA database. A, B Mutation frequencies of UBE2C high (A) and low (B) expression »
groups in 365 HCC patients according to the TCGA dataset. Each column represents one patient, the bar at the top represents TMB, and the
numbers on the right represent the mutation frequencies of the top 30 common genes in the corresponding groups. € Enriched pathways
for UBE2C mutations in the high expression group. D Enrichment pathways of UBE2C mutations in the low expression group. E, F Mutation
distribution maps of different expression groups, including mutation classification statistics, mutation type statistics, single nucleotide poly-
morphism mutation breakdown statistics, mutation number and proportion statistics of all samples, number statistics of different mutation
types, and statistics of most mutated genes in the high (E) and low (F) expression groups. Where A: adenine, C: cytosine, G: guanine, T: thy-
mine

levels were elevated in the high-expression group. Based on these findings, it is hypothesized that high expression of
UBE2C may promote T cell activity inhibition by elevating MDSC levels and promoting chemokine release, promoting
HCC survival. However, the more precise mechanism of UBE2C on the immune microenvironment of HCC remains to be
elucidated. Cancer immunotherapy, especially immune checkpoint blockade therapy, is a standard treatment for various
malignancies by promoting complete and sustained immune responses to alter cancer treatment. Unfortunately, only
a small percentage of patients respond to immunotherapy, possibly due to insufficient immune activation to recognize
tumor-specific antigens [57]. Therefore, it is crucial to identify other potential therapeutic targets. The current study
shows that UBE2C levels strongly correlate with multiple immune checkpoints in HCC, suggesting that UBE2C may be
an immune-related therapeutic target for HCC patients. The present study points to a new direction for the relationship
between the ubiquitin-binding enzyme-related gene UBE2C and immune cell infiltration within the TME, which is of
great significance in exploring new strategies for immunotherapy of HCC.

However, this study has some limitations. First, all data in this study were obtained from online databases; further
studies on the samples are needed to confirm our results. Reliance on publicly available databases raises the possibility
of systematic bias. Because public datasets may inherently carry some variance, any systematic bias present in these data
could potentially affect the results of our analysis. It is crucial to recognize this limitation as he may introduce uncertainty
to the generalizability and reliability of our conclusions. Second, while most of the algorithms employed in this study are
stable and rigorous, it is essential to be aware of the inherent limitations imposed by the current state of biology, that
the stability of our conclusions may change at any time, and that future advances in bioinformatics may introduce new
insights or alter existing interpretations, which underscores the need for ongoing review and validation of our findings.
In addition, most of the data in this study relied on the TCGA database and lacked other independent datasets for valida-
tion. The results may be more convincing if compared with other databases.

5 Conclusion

In this study, after bioinformatics analysis, it was shown that UBE2C was differentially expressed in HCC and normal tis-
sues and was involved in the infiltration of immune cells in the tumor microenvironment. UBE2C can potentially be used
as a biomarker and immunotherapeutic target for HCC. However, this study is mainly based on data analysis with some
limitations, and further experiments are needed to validate and explore the potential mechanisms.
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Fig. 8 Correlation of different expression groups of UBE2C with the seven steps of the cancer immune cycle. A Relationship between differ-
ent expression groups of UBE2C and release of tumor antigen (step 1), presentation of tumor antigen (step 2) and initiation and activation
of immune cells (step 3). B Relationship between different expression groups of UBE2C and the migration ability of T cells to tumor cells
(step 4). C Relationship between UBE2C different expression groups and tumor tissue T cell infiltration (step 5), T cell recognition of tumor
cells (step 6), and ability to clear tumor cells (step 7). (*p < 0.05, **p < 0.01, ***p < 0.001, and ns, no statistical difference)
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