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ABSTRACT

Background: Hepatocellular carcinoma represents the most common primary malignancy of all liver cancer
types and its prognosis is usually unsatisfactory. TSEN54 encodes a protein constituting a subunit of the tRNA
splicing endonuclease heterotetramer. Previous researches concentrated on the contribution of TSEN54 in
pontocerebellar hypoplasia, but no studies have yet reported its role in HCC.

Methods: TIMER, HCCDB, GEPIA, HPA, UALCAN, MEXPRESS, SMART, TargetScan, RNAinter, miRNet, starBase,
Kaplan-Meier Plotter, cBioPortal, LinkedOmics, GSEA, TISCH, TISIDB, GeneMANIA, PDB, GSCALite were applied
in this research.

Results: We identified the upregulation of TSEN54 expression in HCC and related it to multiple
clinicopathological features. Hypomethylation of TSEN54 was closely associated with its high expression. HCC
sufferers who held high TSEN54 expression typically had shorter survival expectations. Enrichment analysis
showed the involvement of TSEN54 in the cell cycle and metabolic processes. Afterward, we observed that
TSEN54 expression level had a positive relationship to the infiltration level of multiple immune cells and the
expression of several chemokines. We additionally identified that TSEN54 was related to the expression level of
several immune checkpoints and TSEN54 was linked to several m6A-related regulators.

Conclusions: TSEN54 is a prognostic marker of HCC. TSEN54 could become a prospective candidate for HCC
diagnosis and therapy.

INTRODUCTION progression of HCC patients is also associated with the

fact that most HCC cannot be diagnosed in its early stage
Hepatocellular carcinoma (HCC) stands out as the most [3]. Currently, in HCC, early detection can be made
frequent primary malignancy in all liver cancer types [1]. by serum biomarker tests (e.g., alpha-fetoprotein [AFP])
The morbidity and mortality associated with HCC and imaging methods (e.g., computed tomography
have increased dramatically in the past decades [2]. Poor and ultrasound). However, the misdiagnosis rate is high
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[4-6]. It is widely believed that an accurate and early
diagnosis of HCC can significantly improve clinical
outcomes and reduce patient suffering. Despite the rapid
progress in the discovery of HCC biomarkers, the five-
year survival time of patients remains unsatisfactory
[7, 8]. Hence, the exploration of valid biomarkers is
important for early detection as well as improving
outcomes in hepatocellular carcinoma patients.

tRNA Splicing Endonuclease Subunit 54 (TSEN54) is
located on 17g25.1 of the human genome and encodes a
protein constituting a subunit of the tRNA splicing
endonuclease heterotetramer [9]. TSEN54 is a non-
catalytic subunit responsible for recognizing the
precursor tRNA substrate and for localizing the two
catalytic subunits TSEN2 and TSEN34 localize to the 5’
- splice site and 3’ - splice site respectively, thereby
splicing the pre-tRNA release intron [10]. Prior
researches concentrated on the effect of TSEN54
mutation in pontocerebellar hypoplasia (PCH), with only
one report linking it to other RNA processing factors for
the construction of a prognostic model of gastric cancer
[11-13]. Interestingly, one study used the introns
excised during tRNA shearing to generate antisense
RNA of cell cycle protein D1, which inhibited the
growth of hepatocellular carcinoma cells [14]. This
finding attracted us to link TSEN54 with hepatocellular
carcinoma and study its role in hepatocellular carcinoma.

The differential expression of TSEN54 between normal
tissues and HCC tissues was first evaluated in this study
through several public databases and clinical specimens.
The correlation of TSEN54 expression with the
clinicopathological characteristics of the HCC patients
was then explored. Furthermore, we explored the extent
of differential promoter methylation of TSEN54 in
distinct subgroups. We also constructed the ceRNA
regulatory network of TSENS54. Next, statistical
methods have been utilized to explore the impact that
TSEN54 expression has on survivorship of HCC
patients. In addition, a functional enrichment network
involving TSEN54 in hepatocellular carcinoma was
established. Its involvement in tumor immune cell
infiltration, m6A biological processes, and sensitivity to
drugs was further dug out. This study reveals TSEN54
as an afresh hepatocellular carcinoma biomarker from
several perspectives, which could facilitate diagnosis as
well as prognosis assessment and may serve as a
therapeutic target.

MATERIALS AND METHODS
Data source and processing

This article mainly includes two major databases,
The Cancer Genome Atlas (TCGA) database

(https://cancergenome.nih.gov) and the International
Cancer Genome Consortium (ICGC) database
(https://dcc.icgc.org/projects/LIRI-JP). To date, TCGA
has published data regarding 33 types of cancers, and
our study researched TSEN54 expression in HCC using
374 tumor samples and 50 normal samples in the TCGA
database with file type HTSeqg-FPKM [15]. Other than
this, through 377 clinical samples in TCGA, we drilled
down the clinicopathological features of TSEN54 in
HCC and the impact of TSEN54 on the survivorship of
HCC patients. Moreover, we also made use of data from
the ICGC [LINC-JP] Liver Cancer— NCC to verify the
above conclusion, which involved 202 normal samples
and 243 tumor samples.

TIMER database analysis

TIMER  (https://cistrome.shinyapps.io/timer/) is a
synthetic network that analyzes the immune invasion
level in different cancers [16]. We used “Diff Exp” to
identify the expression of TSEN54 in multiple tumors.
“Genes” and “SCNA” were then applied to estimate the
relation between tumor infiltrating-immune cells and
the expression of MRNA and copy number variations of
TSEN54 in HCC. Finally, we verified the relevance
between TSEN54 expression and immune cell markers
and immune checkpoints in HCC with “correlation”.

HCCDB database analysis

The Hepatocellular Cancer Database (HCCDB)
(http://lifeome.net/database/hccdb/home.html) is a
database dedicated to hepatocellular carcinoma, and it
contains 15 publicly available expression datasets
about HCC, altogether 3917 samples [17]. Using this
database, we investigated the TSEN54 expression in
HCC tissues and adjacent tissues in 10 datasets.

GEPIA database analysis

The Gene Expression Profiling Interactive Analysis
(GEPIA) database (http://gepia.cancer-pku.cn/) uses
data from TCGA and GTEX to present subscribers with
customized functionality [18]. Together with the data
from TCGA, we employed it to draw box plots for the
analyses of TSEN54 expression in HCC and normal
tissues. Besides, we exploited both Overall Survival
(OS) and Disease-Free Survival (RFS) survival plots for
survival analysis of TSEN54 in HCC patients and
examined the impact of m6A-related regulators on the
prognosis of HCC patients by OS curves.

HPA analysis

The Human Protein Atlas (HPA) (https:/
www.proteinatlas.org/) is a versatile database that
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analyzes gene expression in human proteins from
different aspects [19]. From the HPA database, we
obtained the outcome of staining tissues from diverse
patients to verify the protein expression level of
TSEN54 in normal tissues (Patient id:3402) and HCC
tissues (Patient id:3477).

UALCAN database analysis

The UALCAN database (http://ualcan.path.uab.edu) is
an interactive portal online tool that delves into TCGA
gene expression data and can be applied to research
multiple cancers [20]. In our research, we explored the
clinicopathological features, methylation and survival of
TSEN54 in HCC via it.

cBioPortal analysis

cBioPortal (https://www.cbioportal.org/) is an integrated
web resource, presenting us with visual and
multidimensional cancer genomics data [21]. Based on
Liver Hepatocellular Carcinoma (TCGA, Firehose
Legacy) dataset, we monitored TSEN54 methylation
level linked to its MRNA expression.

MEXPRESS analysis

MEXPRESS (https://mexpress.be) online website is
used to visualize DNA methylation and gene expression,
as well as the correlation between them [22]. We studied
the relationship between the methylation and expression
level of some TSEN54 CpG sites by it.

SMART analysis

Shiny methylation analysis resource  tool
(SMART; http://www.bioinfo-zs.com/smartapp/) is a
site. which is friendly to subscribers, and it can be
applied to evaluate DNA methylation data from the
TCGA database [23]. By searching “TSENS54,” we
researched the allocation of methylation probes
associated with TSEN54 on the chromosome.

Construction of ceRNA regulatory network

The TargetScan database (http://www.targetscan.orq)
allows for the prediction of probable miRNA binding
sites and contributes to the placement of miRNAs
into gene regulatory networks [24]. RNAinter
(http://www.rnainter.org) online site incorporates
experimentally  confirmed and  computationally
forecasted RNA interactome data, which facilitates us to
study the regulatory environment of cellular RNA [25].
Our study extracted the data from these two databases
to take the intersection for the purpose of screening
out the target miRNAs of TSEN54. miRNet 2.0

(https://www.mirnet.ca/miRNet/home.xhtml) is a database
that integrates user data with existing knowledge
for the clarification of mIRNAs [26]. starBase
(https://starbase.sysu.edu.cn/) online website available
for the decoding of RNA-RNA and protein-RNA
interaction networks [27]. We exploited both two
platforms to identify target INcRNAs for hsa-miR-125b-
5p and hsa-miR-27b-3p.

Kaplan-Meier plotter database analysis

Kaplan-Meier Plotter database (http://kmplot.com) is
available to measure the connection between gene
expression and survivorship, whose data is derived from
GEO, EGA and TCGA databases [28]. Separating
TSENS54 expression into high and low groups, our study
not only inspected the relevance of TSEN54 expression
to overall survival (OS), progression-free survival
(PFS), relapse-free survival (RFS) and disease-specific
survival (DSS) in HCC, but also explored the immune
cells affecting HCC patients® survival.

LinkedOmics analysis

LinkedOmics database (http://linkedomics.org/login.
php) can be applied to discuss the co-expression of
genes and their corresponding functional enrichment
analysis [29]. Our study used the LinkFinder module to
structure a volcano map and heatmaps to illustrate the
co-expression of TSEN54 genes and displayed their
correlation by plotting scatter plots. The LinkInterpreter
module was applied to establish Go annotations and
KEGG pathways with the purpose of describing the
pathways through which these genes function. The
Spearman correlation test in this study is our statistical
method.

Gene set enrichment analysis (GSEA)

GSEA can explain gene expression data by testing if the
gene set was enriched at the top or bottom of a pre-set
sequencing table [30]. Our research divided the TCGA-
LIHC data into two groups with TSEN54 high and low
expression to study the possible influence of the TSEN54
gene set on HCC pathways via GSEA v4.2.2. We
configure some parameters as follows: gene set database:
kegg. v7.5.1 symbols. gmt (Curated), meanwhile,
P < 0.05 and FDR < 0.25 were regarded meaningful.

TISCH analysis

The Tumor Immune Single Cell Center (TISCH)
(http://tisch.comp-genomics.org/) database is
concentrating on the examination of the tumor
microenvironment, gathering data from the Gene
Expression Omnibus (GEO) and ArrayExpress for 27
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cancer types and 76 tumor datasets [31]. It was utilized
in our study for the visualization of the single-cell
level expression status of TSEN54 in two immune cell
datasets, which were LIHC GSE140228 10x and
LIHC_GSE140228_Smartseq?2.

TISIDB analysis

TISIDB (http://cis.hku.hk/TISIDBY/) is a comprehensive
database could be employed to analyze interactivity
between neoplasms and the immune system [32]. We
predicted the prognosis of HCC patients and explored
TSEN54 expression in diverse immune subtypes, as
well as the relationship of TSEN54 expression with
chemokines in HCC utilizing the TISIDB database.

Quantitative real-time PCR

The HCCLM3 cell line was obtained from the Cell
Bank of Type Culture Collection of the Chinese
Academy of Sciences and the Shanghai Institute of Cell
Biology in China. We extracted total RNA from cell
samples applying Trizol reagent (Thermo Fisher
Scientific) by following the manufacturer’s guidelines,
then performing reverse transcription reactions
employing the PrimeScript RT Reagent Kit (Invitrogen,
USA). And the gPCR was completed utilizing SYBR
Premix Ex Tag (TaKaRa, China) [33]. This technique
was adopted in this study to examine the relative
MRNA expression of CCL15, CCL26, and CCL28.

GeneMANIA analysis

GeneMANIA (https://genemania.org/) database can be
used to find genes that share functions with the gene of
interest and to explore interactions and functions
between them [34]. Through GeneMANIA database, we
researched the connection between TSEN54 and other
related genes.

Protein structure and docking analysis

The secondary structures of TSEN54 and its physically
interacting proteins were acquired from the
“Mutations” panel in the cBioPortal database
(https://www.cbioportal.org/) for the dataset: Liver
Hepatocellular Carcinoma (TCGA, Firehose Legacy)
[35]. CSNK2B and ATM advanced structures
were acquired by using the PDB database
(https://www.rcsb.org/) (PDB ID: 3EED and 7SIC)
[36]. The advanced structure of TSEN54 was
predicted by AlphaFold Protein Structure Database
(https://www.alphafold.ebi.ac.uk/) (UniProt ID: Q7Z6J9)
[37]. Finally, the interaction docking patterns between
TSEN54 and CSNK2B as well as TSEN54 and
ATM were predicted by the HDOCK server

(http://hdock.phys.hust.edu.cn/) and visualized using
PyMOL software [38].

GSCAL.te analysis

Gene Set Cancer Analysis (GSCALite)
(http://bioinfo.life.hust.edu.cn/web/GSCAL.te/) integrates
information from TCGA, Drug Sensitivity in Cancer
(GDSC), Cancer Therapeutics Response Portal (CTRP),
GTEX (Genotype-Tissue Expression) to users [39]. Our
research utilized data from TCGA-LIHC and
GTEx_Liver to explore TSEN54-related cancer pathways
and analyzed drug susceptibility in HCC by GDSC.

Statistical analysis

Our article performs all data analysis by R software
(version 3.6.3/4.1.2). We adopted the rank-sum test to
detect the expression of TSEN54 in HCC tissues and
normal tissues according to the R packages “limma”
and “beeswarm”, and the statistical methods of the
Wilcox. test and Kruskal. test and logistic regression
analysis were applied to probe the link between
TSEN54 and clinicopathological characteristics. What
is more, for the purpose of examining the connection
between TSEN54 expression and the outcome of HCC
sufferers, we drew Kaplan-Meier survival curves by
log-rank test and created a univariate and multivariate
Cox regression model through the R packages
“survival” and “survminer” (P < 0.05), and we also
built ROC curves by “survival ROC” to assess the
accuracy of TSENS54 expression in predicting the
survival rate of HCC patients at 1, 3 and 5 years.

Data availability
The TCGA data used to support the findings of this study

have been deposited in the [https://cancergenome.nih.gov]
repository (doi:10.1038/nmeth.2956).

RESULTS
TSEN54 expression is upregulated in HCC

With the purpose of assessing TSEN54 differential
expression in HCC and normal samples, we attempted a
variety of methods. In the beginning, we made a study of
the TSEN54 expression level in pan-cancer on the
TIMER database. The result demonstrated that the
expression of TSEN54 was remarkably higher in multiple
cancer tissues involving HCC in comparison with normal
tissues (Figure 1A). Then, applying the HCCDB database
to verify the above result, we also discovered that the
finding was in line with our expectations (Figure 1B).
After that, we further investigated the expression of
TSENS54 via data from TCGA depending on “limma”
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and “beeswarm” packages from R software, and TSEN54
expression was detected meaningfully higher in HCC
tissues than in normal tissues (Figure 1C). Moreover, we
made a comparison of the TSEN54 expression of HCC
between 50 pairs of tumor samples and normal samples,
the same outcome was obtained (Figure 1D). What is
more, as exhibited in Figure 1E, 1F, we still consistently
ascertained identical results in both the GEPIA website
and ICGC database. Ultimately, we obtained tissue slices
through the HPA database to further corroborate our
conclusion, and it can be observed from the IHC staining
results that the TSENS54 protein expression in HCC
tissues displayed higher levels versus normal liver tissues
(Figure 1G). Above all, we can come to the conclusion
that in contrast to normal tissues, the TSEN54 expression
in HCC tumor tissues is upregulated.

The correlation between the expression of TSEN54
and clinicopathological features

Digging out the connection between the expression of
TSEN54 in HCC and clinical pathological features is of
great practical importance for our research. Through
TCGA-LIHC samples from the UALCAN database, we
conducted a subgroup analysis of several clinical
pathological characteristics. According to Figure 2A—2F,
we did know that TSEN54 was related to the grade,
stage, race, gender, TP53 mutation status, and
histological subtypes in HCC. Interestingly, we also
observed that the expression of TSEN54 in gradel
and stagel had a certain degree of increase in HCC
compared to normal, and it was also very significant
between many other subgroups of grade and stage
(Figure 2A, 2B). Next, we downloaded clinical samples
from the TCGA database and then made use of the
Wilcox. test and Kruskal. test in R software, again
finding that TSEN54 expression in HCC was highly
related to grade (p=0.012), stage (p=0.006) and
T (p=0.01) (Figure 2G-2l). Lastly, we further verified
our conclusion by logistic regression analysis and
uncovered it to be consistent with our previously stated
consequence (Supplementary Table 1). All findings
point to an inextricable relationship between TSEN54
expression in HCC and multiple clinicopathological
features.

High expression of TSEN54 is affected by
hypomethylation

There is growing evidence that illustrates methylation
has a crucial part in cancer emergence and progression
[40]. Firstly, we applied the UALCAN website and
revealed that TSEN54 promoter methylation level in
HCC tissues were lower than those in normal samples
(Figure 3A). Additionally, we identified that the
TSEN54 promoter methylation level was linked to

clinical stage, histological grade and lymph node
metastasis (Figure 3B-3D). Moreover, HCC patients
with TP53 mutations have lower methylation level
compared to those without mutations (Figure 3E).
Besides, in the sex subgroup of patients, TSEN54
methylation level in the HCC tissues of female patients
were lower than those of male patients (Figure 3F). The
subtle contrast in clinicopathological features between
the methylation results and the expression results in
Figure 2 impelled us to directly detect the relation
between mRNA expression and methylation of TSEN54
using the cBioPortal website, and unsurprisingly, the
two behave as a negative correlation (Figure 3G).

Then, through the MEXPRESS online website, we
found that the methylation level of 9 CpG sites were
correlated with TSEN54 expression. Among them, the
methylation level of 8 CpG sites including cg05606039,
€g09173924, cg23601586, cg00866186, cg20863668,
€g02970545, cg06665453, cg20366832 were negatively
associated with TSEN54 expression level (Figure 4A).
Furthermore, we utilized the SMART website to
lucubrate the distribution of methylation probes related
to TSEN54 on chromosome (Figure 4B). The result
shown that cg05606039, cg00866186, and cg20863668
are on the island, cg02970545, cg06665453, and
€g23601586 are on N_Shore, and cg09173924 is on
S Shore (Figure 4C). In conclusion, we discovered
hypomethylation of TSEN54 in HCC, which contributes
to its high expression.

The construction of a ceRNA regulatory network of
TSEN54 in HCC

In an attempt to better gain an understanding of the
possible regulatory mechanisms at the level of TSEN54
expression, we predict and build a IncRNA-miRNA-
MRNA ceRNA network that involves TSEN54 in HCC
employing multiple bioinformatics databases. Firstly,
we jointly predicted 12 miRNAs targeting TSEN54 by
TargetScan and RNAinter databases, which were hsa-
miR-135b-5p, hsa-miR-135a-5p, hsa-miR-125b-5p, hsa-
miR-214-3p, hsa-miR-27a-3p, hsa-miR-27b-3p, hsa-
miR-3202, hsa-miR-4319, hsa-miR-125a-5p, hsa-miR-
6510-5p, hsa-miR-1200, hsa-miR-761 (Figure 5A).
Since miRNAs usually have the capacity to negatively
regulate mRNA, two miRNAs (hsa-miR-27b-3p and
hsa-miR-125b-5p) that were negatively relevant to
TSENS54 at the expression level were filtered from those
12 miRNAs, and their correlation scatter plots were
given in Figure 5B, 5C. Afterward, utilizing miRNet
and starBase tools, a series of 26 IncRNAs that may
bind to hsa-miR-27b-3p and 12 IncRNAs that combine
with hsa-miR-125b-5p were further predicted (Figure
5D, 5E). Similarly, as IncRNAs are usually able to
negatively regulate miRNAs, we continued to screen for
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IncRNAs that correspond to a negative association with
the two miRNAs at the expression level. From our
findings, for hsa-miR-27b-3p, the eligible IncRNAs
were SCAMP1-AS1, HCP5, and RMST (Figure 5D);
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Expression of TSEN54 in LIHC based on

tumor grade
S

Expression of TSEN54 in LIHC based on
individual cancer stages

while for hsa-miR-125b-5p, NOP14-AS1, DANCR,
KCNQ1OT1 and LINC00943 were qualified (Figure
5E). In the end, based on the hypothesis that there is an
inverse relationship between miRNA and IncRNA or
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Figure 2. TSEN54 expression is associated with multiple clinicopathological features. Box-whisker plots reveal the variability of
gene expression level ground on subgroup (A) tumor grade; (B) individual cancer stages; (C) patient’s race; (D) patient’s gender; (E) TP53
mutation status; (F) histological subtypes. The relationship between TSEN54 expression and (G) grade; (H) stage; (1) T stage in HCC according
to data from the TCGA database. (*, p < 0.05; **, p < 0.01; ***, p <0.001).
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Figure 4. Distribution of CpG sites on TSEN54. (A) Correlation between TSEN54 expression and methylation of the CpG sites.
(B) Distribution of TSEN54 methylation probes on chromosome. (C) Location of CpG sites associated with TSEN54.
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MRNA, we constructed a ceRNA regulatory network,
and the results are exhibited in the Sankey diagram
(Figure 5F).

High expression of TSEN54 is a separate factor for
poor prognosis in HCC patients

For the sake of analyzing the prognostic value of
TSEN54 expression in HCC patients, we made use of
several online websites. The association between
TSENS54 expression and prognosis of HCC patients was
initially investigated using the GEPIA website. In LIHC
datasets, patients with high TSENb54 expression had
shorter OS and DFS compared to those with low
expression (Supplementary Figure 1). Next, the Kaplan-
Meier Plotter site indicated that HCC suffers with higher
TSENbS4 expression possessed poorer OS, PFS and RFS,
while the differential expression of TSEN54 in the DSS
group had no significant impact on survival (Figure 6A—
6D). Besides, an analogous outcome was likewise backed
up by the TISIDB website (Figure 6E). Deepening, we
hired the UALCAN website and identified that not only
can the differential expression of TSEN54 impinge on
patient prognosis, but TSEN54 expression combined with
clinicopathological features (e.g., grade and race) can
also affect the survival of HCC patients (Figure 6F—6H).

In parallel, we optimized patient survival data collected
from the TCGA database and again demonstrated a
shorter prognosis within the TSEN54 expression
upregulated group (Figure 7A). Thereafter, the ROC
curve was created through the TCGA data to reflect the
prognostic value of TSEN54. The AUC of the ROC
curve was significant (one year AUC: 0.645, three years
AUC: 0.593, five years AUC: 0.591), indicating that the
expression of TSEN54 was a valid predictor for
prognosis in HCC patients (Figure 7B). Eventually, the
connection between clinicopathological features and the
prognosis of patient data extracted from the TCGA
database was calculated by constructing univariate and
multivariate cox models. Univariate analysis revealed a
close correlation between stage, T stage, M stage,
TSENS54 expression, and deterioration of OS. Multivariate
analysis demonstrated TSEN54 expression to be a
separate prognostic factor (Supplementary Table 2).
This is directly reflected in the forest map (Figure 7C). In
conclusion, the expression of TSEN54 is a standalone
prognostic biomarker of HCC patients, while hyper-
expression of TSENS54 is linked to the unfavorable
prognosis of HCC patients.

Co-expression network of TSEN54 and its functional
enrichment analysis

To detect co-expressed genes of TSEN54 and probe
their biological functions in HCC, we did a series of

works. We first utilized the LinkedOmics database to
investigate the co-expression genes of TSEN54. As
indicated in the volcano map, red dots represented
genes positively associated with TSEN54, totaling
6,679, while green dots meant genes negatively
correlating with the target genes, amounting to 5,702
(Figure 8A). The 50 genes most strongly positively and
negatively related to TSEN54 were exhibited in
heatmaps (Figure 8B, 8C). In the following, we opted
the four genes that were most prominently positively
correlated with TSEN54 called the hub genes to create
scatter plots, which were AZI1, CCDC137, THOC4,
and BIRC5 (Figure 8D-8G). Subsequently, we made a
deeper exploration of the potential functions of TSEN54
and its co-expressed genes in HCC. From the GO
outcome, we could conclude that TSEN54 was mainly
concentrated in the pathways like chromosome
segregation, DNA replication, cell cycle G2/M phase
transition, interstrand cross-link repair, RNA catabolic
process, etc. (Figure 9A). Meanwhile, the KEGG
findings as revealed in Figure 9B suggested that
TSEN54 may function through spliceosome, ribosome,
cell cycle, DNA replication, homologous recom-
bination, Fanconi anemia pathway, pyrimidine
metabolism, PPAR signaling pathway, etc.

Additionally, we made further investigation based on
GSEA to probe the pathways by which TSEN54 and
some of its relative genes may exert influence on HCC.
The findings implied that it may have a connection with
DNA repair and metabolism-related pathways, such as
base excision repair, pyrimidine metabolism, nucleotide
excision repair and insulin signaling pathway (Figure
9C-9H). From the outcomes mentioned above, we draw
a conclusion that the expression of TSEN54 may
function critically in HCC by modulating the cell cycle,
substance metabolism and DNA repair.

Expression of TSEN54 in immune cells of the tumor
microenvironment

Aiming to characterize TSEN54 expression in tumor
microenvironment immune cells at the single cell level,
we drew on two-single cell sequencing datasets from the
TISCH database, which were LIHC_GSE140228 10x
and LIHC_GSE140228 Smartseq2. We noticed that the
expression of TSENS54 translated by log (TPM/10+1)
manifested heterogeneity among distinct cell clusters
with respect to diverse datasets, and the highest
expression level of TSEN54 was evident in Mast cells of
the LIHC_GSE140228_Smartseq2 dataset (Figure 10A).
Later on, we had further exploration of two datasets, the
results were as follows: the LIHC_GSE140228 10x
dataset was classified into 12 cell types, of which
the CD8T cell count was the most abundant (19969)
(Figure 10B), plus the distribution and quantity of
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Figure 9. Functional enrichment study of TSEN54 co-expressed genes. (A) Go annotations and (B) KEGG pathways with a notable

enrichment of the TSEN54 co-expression genes in HCC by LinkedOmics. (C—H) Analysis of the respective pathways enriched in high and low
expression of TSEN54 and its co-expressed genes according to GSEA.
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Figure 10. Expression of TSEN54 in HCC at the single cell level. (A) Heatmap reveals the expression level of TSEN54 in a variety of
immune cells on LIHC_GSE140228 10x and LIHC_GSE140228 Smartseq2 datasets. (B—E) Types and distribution of cells in the
LIHC_GSE140228 10x and LIHC_GSE140228 Smartseq2 datasets. The t-SNE plots describe the distribution of TSEN54 expression in
(F) LIHC_GSE140228_10x and (G) LIHC_GSE140228 Smartseq?2 datasets of individual cell clusters.
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varied immune cells were described in Figure 10C;
Also, Figure 10D consisted of 10 cell types from
the LIHC_GSE140228 Smartseq2 dataset, whose
distribution was given in Figure 10E, and it was noted
that Mono/Macro cell and NK cell had the largest and
similar numbers of cell count, with the respective count
of 1699 and 1650. Additionally, the distribution of
TSENS54 gained employing single-cell resolution for all
kinds of immune cells in the LIHC_GSE140228 10x
and LIHC_GSE140228_Smartseq? datasets were plotted
in Figure 10F, 10G, which were consistent with the
finding in Figure 10A. In summary, we are able to
discover that TSEN54 is expressed in almost all immune
cells, especially NK cells and Mast cells by single-cell
sequencing.

Association between TSEN54 expression and
immune infiltration in HCC

Since there is a strong association between
immunological characteristics of cancer and prognosis,
the relation between TSEN54 expression and immune
cell infiltration was first investigated utilizing the
TIMER database. Consequences indicated that the
TSEN54 expression level in HCC was positively
correlated with B cells, CD8+T cells, CD4+T cells,
macrophages, neutrophils, and dendritic cells infiltration
level (Figure 11A). Then we investigated the copy
number variation (CNV) of TSEN54 in relation to
immune cell infiltration level. Inexplicably, high
amplification of TSEN54 had lower level of infiltration
of CD4+ T cells, macrophages and neutrophils
(Figure 11B). To delve into the explanations between
TSEN54 expression and immune cell infiltration, we
examined the linkage between TSEN54 expression and
relevant immune cell markers. The correlation
coefficient was regulated by tumor purity. The outcomes
demonstrated a positive correspondence between the
TSEN54 expression and a multitude of immune cell
markers (Supplementary Figure 2) (Supplementary
Tables 3, 4). Separately we noticed a higher level of B
cell and macrophage infiltration in the TP53 mutant
group versus the wild-type TP53 subgroup (Figure 11C).

Relationship between TSEN54 expression and
immune subtype and chemokine expression in HCC

Later, we researched the association between TSEN54
expression and different immune subtypes and immune
chemokines expression in HCC by TISIDB. It was
found that the expression of TSEN54 was higher in C1
(would healing) and C2 (IFN-gamma dominant)
subtypes, but was lower in C3 (inflammatory) and C6
(TGF-B dominant) (Supplementary Figure 3A). The
expression level of chemokines XCL1, CCL15, CCL20,
CCL26, CCL28, and TSENb54 were positively

correlated (Supplementary Figure 3B—3F). In addition,
our assay of chemokines expression in HCCLM3 cells
with different treatments demonstrated that the
expression of CCL15, CCL26, and CCL28 was
downregulated in shTSEN54 cells (Supplementary
Figure 3G-3I).

Role of TSEN54 in the regulation of immune
response to HCC

Aiming to study the action of TSEN54 in the immune
response, we again exploited the TIMER website to
conduct the relation between the expression of TSEN54
and common immune checkpoints. The consequence
reflected that TSEN54 expression was positively linked
to most of the expression of immune checkpoints,
especially CD276 (B7-H3), CTLA4, HAVCR2, and
PDCD1 (PD-1) (Supplementary Figure 4). This outcome
implied a possible involvement of TSEN54 in
suppressing the immune response and helping tumors to
undergo immune escape.

The prognostic impact of TSEN54 expression is
related to immune infiltration

Since TSEN54 expression was remarkably associated
with immune infiltration in HCC, we then utilized the
Kaplan-Meier Plotter website to explore whether the
prognostic impact of TSENS54 expression was also
associated with immune infiltration. As it turns out, the
poor prognostic ending of patients with high TSEN54
expression was not altered irrespective of the
enrichment or decrease of B cells, CD8+ T cells,
macrophages, mesenchymal stem cells, natural killer T
cells and type 1 T helper cells (Figure 12A, 12C-12F,
12H). Excitingly, when CD4+ memory T-cells were
enriched, changes in TSEN54 expression could no
longer impinge on survival (Figure 12B). Similarly,
when regulatory T-cells were decreased, changes in
TSEN54 expression also failed to affect survival
(Figure 12G). This result implied that TSEN54
expression affected patient survival in relation to the
degree of infiltration of CD4+ memory T-cells and
regulatory T-cells.

Relationship between TSEN54 and m6A modification
in HCC

Previous studies have implicated aberrant regulation of
m6A modification is associated with a number of human
malignancies including HCC, which prompted us to
explore its relation to TSEN54 in HCC [41]. In a
preliminary step, when we researched the correlation
between TSEN54 and the expression of 20 m6A-related
regulators through heatmaps on the basis of TCGA and
ICGC databases in HCC, we detected that among them,
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19 regulators revealed a significantly positive correlation
with TSEN54 expression in each of TCGA and ICGC
databases (P<0.05) (Figure 13A, 13B). In the meantime,
dividing the samples into two groups of high and low
TSEN54 expression, we studied the associations of these
m6A-related regulators with the differential expression
of TSENbS4, and it was interesting to note that these
same 19 regulators had shown remarkable results from
Figure 13C. Next, from the Venn plot, we could find
three m6A-related regulators whose expression
correlation with TSEN54 was greater than 0.55 in ICGC
and TCGA databases and presented meaningful
differential expression, which were YTHDF1, RBM15B,
HNRNPA2B1 (Figure 13D). Immediately after, we
plotted the scatter plots of the correlation between these
three regulators and TSEN54 (Figure 13E). As a final
step, through plotting survival curves on the GEPIA
website, we observed that high expression of YTHDF1,
RBM15B, and HNRNPA2BL1 could lead to low survival
of HCC suffers, and it could signal that they may have
association with poor prognosis of HCC patients (Figure
13F). Taken together, TSEN54 may have a strong
relationship with m6A modification in HCC, and it may
play a possible influential part in the progression of
HCC patients.

Network, structure, pathway, and drug sensitivity
analysis of TSEN54 and its interacting genes

Proteins have specific spatial conformations that can be
used to achieve biological functions through interactions.
Therefore, we first constructed a network of gene
interactions for TSEN54 using the GeneMANIA online
website. The eight genes connected to TSEN54 by pink
straight lines mean that there exist protein-protein
interactions for their coding products (Figure 14A).
Surprisingly, we noticed the existence of protein-level
physical interactions between TSEN54 and the renowned
CSNK2B and ATM. Thus, we further obtained the
secondary structures of the proteins encoded by these
three genes from the cBioPortal online portal and
analyzed their structural domains and protein
modification sites. The results showed that TSEN54 has a
tRNA_int_end_N2 structural domain with several
modification sites, including the phosphorylation site,
acetylation site, ubiquitination site, and methylation site.
CSNK2B has a CK_Il beta structural domain with a
phosphorylation site, acetylation site, ubiquitination
site, glutathionylation site, and sumoylation site. ATM
has TAN, FAT, PI3_PI4_kinase, with phosphorylation,
acetylation, and methylation sites (Figure 14B). Then,
we downloaded the spatial structures of CSNK2B, ATM
from the PDB database and predicted the TSEN54 spatial
structure using AlphaFold Database, and finally predicted
their protein-protein interaction docking models using
HDOCK Server (Figure 14C-14F). Hydrogen bonds hold

a vital position in the binding of protein molecules. In the
TSEN54-CSNK2B docking model, we found a total of
11 hydrogen bonds (Figure 15A), and in the TSEN54-
ATM docking model, we found a total of 17 hydrogen
bonds (Figure 15B).

Furthermore, as we learned from the” pathway
activity” module in GSCALite, both TSEN54 and its
physical interactions genes could activate notable
pathways linked to cancers such as apoptosis, cell
cycle, DNA damage response, while inhibiting
RAS/MAPK, RTK, and other pathways (Figure 15B).
Finally, we performed a gene set resistance analysis of
TSEN54 and its physical interactions genes through
small molecules collected by the GDSC database. The
Spearman correlation gave an indication of genetic
expression relating to drug tolerance, where red
represented a positive correlation, signifying that cells
with high expression of a gene have resistance to a
specific drug and blue on the contrary. Thus, we could
understand from Figure 15C that cells with high
expression of TSEN54 had resistance to 7 drugs such
as Bleomycin, and CHIR-99021, while it was sensitive
to Vorinostat and Navitoclax. In short, it was possible
that these findings may lead to a new way of treating
patients with HCC accompanied by high TSEN54
expression.

DISCUSSION

HCC represents the most prevalent kind of primary liver
carcinoma. The complex etiology as well as heightened
heterogeneity that characterizes HCC makes early
diagnosis and prognosis prediction challenging [42].
Although AFP is the most commonly used biomarker in
HCC, its reliability for screening and diagnosis remains
suboptimal, as elevated APF level is also seen in
gastrointestinal disease or benign liver disease [1].
Therefore, there is an urgent need to discover additional
underlying biomarkers aptly guiding both diagnosis and
treatment for suffers with HCC. Our research
investigated the expression of TSEN54 in HCC using
bioinformatics combined with experimental validation,
explored the potential modification or regulation
mechanisms of TSEN54 at the expression level,
predicted HCC patients’ outcome, and further analyzed
the biological functions of TSEN54 relevant to HCC
development.

Combining the LIHC dataset with clinical samples, we
found that TSEN54 expression was generally increased
in HCC tissue compared to normal tissue. Subsequently,
we found its expression was related to the
clinicopathological characteristics and survival of the
HCC patients. Notably, the differential expression of
TSEN54 showed meaningful result in stage 1 versus
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Figure 13. TSEN54 may be relevant to m6A modification in HCC. Heatmaps illustrate the association between TSEN54 and regulators
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Figure 15. Analysis of the docking structures, pathways, and drug sensitivity of TSEN54 and its interacting genes. Detailed
interaction structures between (A) TSEN54 and CSNK2B and (B) TSEN54 and ATM. The key residues of TSEN54 are shown in light pink,
CSNK2B in aquamarine, and ATM in blue-white. The hydrogen bonds are shown as yellow dashed lines and the distance between two atoms
is marked. (C) Cancer-related pathways of TSEN54 and its interacting genes are presented in the form of a global percentage. (D) Drug
susceptibility analysis of TSEN54 and its interacting genes based on the GDSC database is presented as a bubble chart.
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normal and grade 1 versus normal, suggesting that the
hyper-expression of TSEN54 is related to the early
development of HCC which is likely to be an early
biomarker for predicting HCC. In addition, AFP as a
screening tool for HCC has heterogeneity in AFP
expression across geographic regions, and it is
suggested that such heterogeneous results are more
appropriate in eastern populations and have poor results
in western populations [43]. Our results are similar.
TSEN54 expression was distinctly higher in the
Caucasian, African-American and Asian patient
subgroups compared to the normal subgroup, and
distinctly higher in the Asian subgroup compared to the
Caucasian subgroup, showing the great potential of its
expression level in ethnographic differences. TP53, as
an important oncogene, whose mutation encodes a
protein that loses its normal regulatory transcriptional
function and can affect the progression of diverse
carcinomas. For example, elevating TPX2 expression
facilitates the development of breast cancer, and
elevating the expression of H2AFZ promotes the
development of hepatocellular carcinoma [44, 45]. Our
results showed the TSEN54 expression was clearly
upper in the TP53-Mutant group versus the TP53-
NonMutant group, suggesting TP53 mutations possibly
upregulate the expression level of TSEN54 and thus be
involved in the development of HCC.

Methylation of the promoter CpG island hampers the
binding of the transcription factor complex to the
promoter, hence inhibiting the gene expression [46].
Altogether, our outcomes are in line with this logic that
there is a relation between the hyper-expression and
hypomethylation of TSEN54 in HCC. From the
perspective of methylation, it could partially explain the
early expression differences hinted at above, such as
stage 1 vs. normal. Whereas discrepancies in TSEN54
promoter methylation level between grade 1 and normal
do not appear, pending further exploration of other
mechanisms. Noticeably, the TSEN54 promoter
methylation level in the TP53-Mutant group in patients
was lower than those in the TP53-NonMutant group,
which coincidentally corresponded to the higher
expression level of TSEN54 in the TP53-Mutant group.
This identification offered a fresh idea for TP53
mutations influencing TSEN54 expression.

Multiple approaches point to a poorer prognosis for
HCC patients with high TSEN54 expression. High
TSENS4 expression also independently predicts poor
prognosis in HCC patients. Interestingly, survival
curves remained significant in the two-factor subgroup
with differential expression of TSEN54 and different
HCC classifications, and in the two-factor subgroup
with differential expression of TSEN54 and different
HCC patient ethnicities, reflecting the strong role of

TSEN54 in predicting prognosis in HCC patients.
However, comparisons between specific subgroups
need to be further investigated.

To deeply elucidate the molecular functions and potential
mechanisms of TSEN54 affecting the development of
HCC, we performed pathway enrichment analysis. We
found that TSEN54, as one of the components listed in
the tRNA splicing endonuclease complex, besides
participating in RNA splicing and mRNA processing, is
also involved in chromatin assembly or disassembly,
chromosome segregation, DNA replication, organelle
fission, cell cycle phase transition and other biological
processes to modulate HCC cells’ cell cycle process, thus
participate in the proliferation of hepatocellular
carcinoma cells and lead to hepatocarcinogenesis.
Meanwhile, overexpression of AZI1, one of the core
genes co-expressed with TSEN54, promotes HCC cell
growth and migration by activating the PI3SK/AKT
signaling pathway [47]. Another core gene, CCDC137, is
also overexpressed in diverse tumors, including HCC
[48]. It has also been found that CCDC137 depletion
leads to G2/M cell cycle arrest [49]. In conclusion,
TSEN54 is presumably involved in cell cycle regulation
and directly affects hepatocellular carcinogenesis.

Although TSEN54 is associated with multiple DNA
repair responses, an inappropriate and untimely repair
can still lead to genomic alterations that provide the
molecular basis for cancer development. Notably,
homologous recombination and Fanconi anemia
pathway are included as pathways associated with
TSENS4, and the primary mechanism of Fanconi anemia
etiopathogenesis coincides with defects in double-
stranded DNA homologous recombination. Diverse FA
proteins sustain genomic stabilization by DNA
interstrand crosslinking (ICL) repair [50]. It has been
reported that FANCD?2 is overexpressed to participate in
the proliferation and invasion of HCC cells and leads to
HCC progression [51]. Enhanced expression of FA /
BRCA pathway genes has also been reported to be an
important mechanism of chemoresistance in HCC [52].
Whether TSEN54 is associated with gene repair function
and Fanconi anemia pathway leading to HCC cell
progression still awaits deeper investigation through
molecular experiments.

Moreover, metabolic reprogramming is one of the
important features of cancer cells and is no exception in
HCC cells [53, 54]. In glucose metabolism, the Warburg
effect suggests that glucose is rarely completely oxidized
in cancer cells even in an aerobic environment, but tends
to produce ATP and lactate via glycolysis. Although such
an alteration would be inefficient for meeting ATP
requirements, an increase in intermediates in the
glycolytic pathway would provide additional benefits for
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tumor growth. This is echoed by the downregulation of
the TCA cycle pathway in the results, implying more
accumulation of intermediates and less energy production
by oxidative phosphorylation. The downregulation of
fatty acid metabolism and fatty acid degradation pathway
was also observed in our results, suggesting more
accumulation of fatty acids. It has been suggested that
during the development of HCC, fatty acids serve as
signal precursors to regulate metabolism and as energy
sources to support rapid cell proliferation, cell survival,
invasion, and angiogenesis [55]. In short, TSEN54 may
be involved in metabolic reprogramming, leading to
enhanced cellular malignant behavior and laying the
material and energy basis for the development of HCC.

HCC is inflammation-associated cancer in which
prolonged and recurrent inflammation leads to immune
cell infiltration with alterations in the composition
of the liver microenvironment, and the specific
microenvironment will contribute to the malignant
transformation of hepatocytes and drive cancer
development [56]. Our study showed that TSEN54 is
commonly expressed in various immune cells. TSEN54
expression showed a positive correlation with immune
cell infiltration like B cells, CD4+ T cells,
macrophages, and dendritic cells, and positively
correlated with markers of multiple immune cells. In the
second paragraph, we mentioned that TP53 mutation
has been correlated with high expression level of
TSEN54. And the results of the immune section
indicated that TSEN54 expression was positively
related to macrophage and B-cell infiltration mainly.
Interestingly, the TP53 mutation group in the results
happened to have a higher level of B-cell and
macrophage infiltration. This finding provides a novel
idea for TP53 and TSEN54 to regulate the immune
microenvironment of HCC and thus participate in tumor
progression.

Although TSEN54 expression was related to multiple
immune cells infiltration and expression of chemokines
such as CCL15, CCL26, and CCL28, it was CD4+
memory T-cells and regulatory T-cells which actually
affected the survival expectations of patients with
differential TSEN54 expression. Results showed that
enriched CD4 + memory T-cells resisted the poor
prognosis associated with high TSENb54 expression,
while decreased Regulatory T-cells also resisted the
poor outcome associated with high TSEN54 expression.
CD4+ memory T-cells can proliferate and differentiate
faster after receiving antigen stimulation for a second
time, and the differentiated subpopulation exerts anti-
tumor effects by secreting cytokines or activating CD8+
T lymphocytes [57, 58]. In contrast, Regulatory T-cells
help HCC cells to escape from immune surveillance by
suppressing the proliferation of effector T cells and

reducing the antitumor immune response, which in turn
enhances the invasive and metastatic ability of HCC
[59]. Similar to our results, it has likewise been
suggested that rescuing CD4+ T lymphocytes from
apoptosis can halt the development of HCC and that
removing or reducing Treg can improve the efficacy of
immunotherapy for HCC [60, 61]. This finding provides
a promising direction for treating patients with
differential TSEN54 expression and improving survival
expectations.

Immune checkpoints, especially PD-1 and CTLA4, are
involved in tumor immune escape by generating
inhibitory signals that suppress the activation or
proliferation of some immune cells [62]. In addition,
CD276 (B7-H3), a newly identified immunomodulatory
protein, also has a strong immunosuppressive effect and
also promotes vasculogenic mimicry formation in the
hepatocellular carcinoma microenvironment [63, 64].
Our study detected a positive association between the
TSEN54 expression level and CD276, CTLA4, PDCD1,
etc. It is speculated that the high expression of TSEN54
is probably engaged in the immune escape process of
HCC cells, which, on the other hand, provides more
possibilities for the application of immune checkpoint
inhibitors (ICI).

N6-methyladenosine (m6A) as the richest mRNA
modification in eukaryotes is participated in almost
every step of RNA metabolism, regulating cell
turnover, differentiation, and apoptotic processes by
regulating gene expression [65]. Increasing evidence
suggests that m6A modification and aberrant
expression of m6A enzymes perform essentially in the
progression of HCC [66]. Therefore, we surveyed the
correlation of TSEN54 with m6A-related regulators
and targeted three intersecting regulators (YTHDFL,
RBM15B, HNRNPA2B1) through both ICGC and
TCGA databases. Coincidentally, all three regulators
were reported over expressed in hepatocellular
carcinoma and involved in the development of
hepatocellular carcinoma [67-69]. For example,
RBM15B facilitates the proliferation and invasion of
HCC cells through the YY1-RBM15B-TRAM2
regulatory axis [68]. Overall, there exists a robust
correlation between TSEN54 and m6A-related
regulators, particularly the three intersecting regulators
mentioned above, which implies that TSEN54 may
influence the m6A modification process and thus the
progression of hepatocellular carcinoma.

The interaction network suggests that TSEN54 interacts
with CSNK2B, ATM at the physical level. Casein kinase
2 beta (CSNK2B) codifies the beta sub-unit of casein
kinase Il (CK2). CK2 can engage in modulating various
biological processes such as cell proliferation,
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differentiation, and survival by phosphorylating target
proteins. Increasing researches showed the important
utility of CSNK2B in diversified carcinomas, e.g.,
hepatocellular carcinoma, gastric cancer, breast cancer,
and colorectal cancer [70-73]. In addition, ATM, as a
major player in the DNA damage response, can
phosphorylate downstream targets upon activation,
thereby regulating progression with regard to DNA
damage repair, apoptosis, and cell cycle arrest [74]. It
has been suggested that ATM expression is lower in
hepatocellular carcinoma and leads to poor patient
outcomes [75]. In addition, the results of the interaction
network also indicated a genetic interaction between
TSEN54 and ATM, whilst the secondary structure
revealed the presence of phosphorylation modification
sites for TSEN54. This finding strengthens the link
between the two and enriches the possible mechanisms
by which TSEN54 regulates the progression of
hepatocellular carcinoma. To better reveal these two
pairs of interacting proteins, we also predicted the
possible binding sites by molecular docking, which will
provide a basis for future experimental studies. Finally,
we further identified that HCC cells with highly
expressed TSEN54 were sensitive to two small molecule
drugs (Navitoclax and Vorinostat), providing new ideas
for the precise therapeutic of hepatocellular carcinoma.

In summary, TSEN54 is hyper expressed and
hypomethylated in hepatocellular carcinoma and is
significantly correlated with clinicopathological staging,
grading, and poor prognosis. TSEN54 is linked to
the cell cycle, DNA damage repair, metabolic re-
programming and immune cell infiltration. Also,
TSEN54 is closely associated with related regulators
involved in m6A modification. TSEN54 exhibits
physical interactions with CSNK2B and ATM. HCC
cells which are highly expressing TSEN54 are sensitive
to selected drugs. Our study suggests that TSEN54
might serve as a diagnostic and immune-related
therapeutic target for hepatocellular carcinoma and
provides a new direction for precision drug
administration.
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SUPPLEMENTARY MATERIALS
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Supplementary Figure 1. Survival curves using the GEPIA website are shown for (A) OS and (B) DFS.
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Supplementary Figure 2. Correlations between TSEN54 expression and immune cell markers in HCC. (A) B cell; (B) T cell
(general); (C) CD8+ T cell; (D) Monocyte; (E) TAM; (F) M1; (G) M2; (H) Neutrophils; (1) Natural killer cell; (J) Dendritic cell; (K) Thi; (L) Th2;
(M) Treg; (N) Tfh; (O) Effector Treg T-cell; (P) Effector T-cell; (Q) Resident memory T-cell; (R) Exhausted T-cell.
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Supplementary Figure 3. Association of TSEN54 expression with immune subtypes and chemokines expression in
hepatocellular carcinoma. (A) Expression of TSEN54 in different immune subtypes. Association between TSEN54 expression and
expression of chemokine (B) XCL1; (C) CCL15; (D) CCL20; (E) CCL26; (F) CCL28. Expression levels of chemokines (G) CCL15; (H) CCL26; (1) CCL28
in HCCLM3 cells undergoing different treatments. *p < 0.05, **p < 0.01, ***p < 0.001.
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Supplementary Figure 4. Correlation between the expression level of TSEN54 and immune checkpoints in HCC. (A) CD276;
(B) CTLA4; (C) HAVCR2; (D) PDCD1; (E) CD8O0; (F) LAG3; (G) IDO1; (H) CD274; (I) PDCD1LG2.
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Supplementary Tables

Supplementary Table 1. Logistic analysis of the association between TSEN54 expression
and clinical characteristics.

Clinical characteristics Total (N)  Odds ratio in TSEN54 expression P value
Age (>60 vs. <60) 370 0.72(0.48-1.09) 0.119
Gender (Female vs. Male) 371 1.32(0.86-2.05) 0.210
Grade (Il vs. I) 366 3.48(1.80-6.90) <0.001
Stage (I vs. 1) 347 2.26(1.34- 3.86) 0.002
T (T2 vs. T1) 368 2.55(1.54-4.29) <0.001
M (M1 vs. M0) 270 3.05(0.38-62.00) 0.338

T, tumor; M, metastasis; Bold values indicate P-values<0.05.

Supplementary Table 2. Univariate and multivariate COX regression analysis of factors associated with OS in liver
cancer patients.

Variable Univariate analysis Multivariate analysis
HR 95%ClI P-value HR 95%ClI P-value

age 1.007 0.990-1.024 0.441 1.007 0.990-1.024 0.404
gender 0.839 0.536-1.314 0.443 1.019 0.638-1.627 0.938
grade 1.073 0.795-1.449 0.645 1.158 0.838-1.599 0.375
stage 1.809 1.426-2.294 <0.001 1.053 0.420-2.638 0.913
T 1.767 1.415-2.207 <0.001 1.607 0.689-3.751 0.272
M 3.892 1.223-12.386 0.021 1.520 0.415-5.573 0.528
TSEN54 1.057 1.023-1.093 0.001 1.036 1.001-1.072 0.042

0S, overall survival; HR, hazard ratio; Cl, confidence interval; T, tumor; N, node; M, metastasis; Bold values indicate
P-values<0.05.
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Supplementary Table 3. Correlation analysis between TSEN54 and gene markers of different types of immune cells in

TIMER.
LIHC
Description Gene markers None Purity
Cor p Cor p
B cell CD19 0.202389235 8.64E-05 0.267377717 4.65E-07
CD79A 0.128911048 0.012955142 0.240176753 6.45E-06
CD3D 0.234449883 5.33E-06 0.346004645 3.88E-11
T cell (general) CD3E 0.105762836 0.041791929 0.241193771 5.88E-06
CD2 0.124508092 0.016468742 0.251270165 2.29E-06
CDS+ T cell CD8A 0.123889815 0.017015243 0.222738442 2.98E-05
CD8B 0.146929914 0.004569294 0.242568159 5.18E-06
Monocyte CD86 0.229956737 8.11E-06 0.366020432 2.24E-12
CSF1R 0.147265925 0.004509586 0.274518328 2.22E-07
CCL2 0.076182565 0.142987697 0.171499465 0.001385652
TAM CD68 0.11589803 0.025640279 0.19251427 0.000322508
IL10 0.150779612 0.003601813 0.253448179 1.86E-06
M1 IRFS 0.49114087 6.38E-24 0.492025997 1.96E-22
PTGS2 0.021590413 0.678503783 0.121095345 0.024489161
CD163 -0.037099129 0.476208689 0.044501381 0.409948133
M2 VSIG4 0.069820956 0.179530032 0.172752072 0.001275952
MS4A4A 0.005913939 0.909570673 0.107434277 0.046148153
CEACAMS 0.010704639 0.837184606 0.038274868 0.47857044
Neutrophils ITGAM 0.295853945 7.40E-09 0.376340649 4.74E-13
CCR7 0.015556345 0.765212213 0.126487372 0.018757309
KIR2DL1 -0.057048328 0.273072999 -0.088365409 0.101303959
KIR2DL3 0.169935675 0.001015924 0.221890148 3.20E-05
Natural killer cell KIR2DLA4 0.125536127 0.015545474 0.151887885 0.004693128
KIR3DLI -0.031109239 0.550287866 -0.025165954 0.641348507
KIR3DL2 0.06023975 0.24709449 0.107992064 0.045021948
KIR3DL3 0.043800893 0.400223792 0.044544858 0.409490419
HLA-DPBI 0.130829752 0.011705036 0.231304715 1.43E-05
HLA-DQBI 0.102332112 0.048920189 0.188670792 0.000426079
HLA-DRA 0.095978023 0.064810567 0.185502114 0.000533893
Dendritic cell HLA-DPA1 0.077766211 0.134843094 0.175633352 0.001053238
CDIC 0.054657825 0.293710519 0.125151012 0.020056474
NRP1 0.207734463 5.74E-05 0.223667441 2.76E-05
ITGAX 0.241468544 2.72E-06 0.354940261 1.11E-11
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Supplementary Table 4.
TIMER.

Correlation analysis between TSEN54 and gene markers of different types of T cells in

LIHC
Description Gene markers None Purity
Cor p Cor p
TBX21 0.008268494 0.873883393 0.092547169 0.086082606
STAT4 0.13685461 0.008343938 0.183705472 0.000605761
Thl STAT1 0.279569814 4.96E-08 0.317637102 1.59E-09
TNF 0.195364992 0.000152569 0.308501719 4.84E-09
IFNG 0.214103055 3.21E-05 0.289851459 4.20E-08
HAVCR2 0.234246846 5.44E-06 0.373995183 6.78E-13
IFNG 0.214103055 3.21E-05 0.289851459 4.20E-08
Thl-like CXCR3 0.181744948 0.000443358 0.288709772 4.77E-08
BHLHE40 0.081995455 0.114842512 0.098127933 0.068694105
CD4 0.065401128 0.208718979 0.133184303 0.013291946
Tho STAT6 0.133242609 0.010192215 0.110737147 0.039810208
STAT5A 0.314992604 5.46E-10 0.358338792 6.84E-12
FOXP3 0.013934159 0.789085628 0.062912231 0.243834173
Treg CCR8 0.188294211 0.000265072 0.272358282 2.78E-07
TGFB1 0.280147907 4.64E-08 0.384976126 1.24E-13
Th BCL6 0.145675934 0.004966362 0.150219762 0.005174512
CXCR5 0.154108372 0.002919221 0.25562637 1.50E-06
Thi7 STAT3 0.099431072 0.055716785 0.133663869 0.012960765
IL17A -0.021952393 0.67342148 -0.010627959 0.844066457
Resting Treg FOXP3 0.013934159 0.789085628 0.062912231 0.243834173
IL2RA 0.21861064 2.16E-05 0.337482259 1.23E-10
FOXP3 0.013934159 0.789085628 0.062912231 0.243834173
Effector Treg T-cell CCR8 0.188294211 0.000265072 0.272358282 2.78E-07
TNFRSF9 0.268843967 1.46E-07 0.347024997 3.37E-11
CX3CR1 0.109856017 0.034453452 0.157832362 0.003288359
Effector T-cell FGFBP2 -0.166104568 0.001323027 -0.160474669 0.00279651
FCGR3A 0.165879113 0.001361374 0.240568277 6.22E-06
Naive T-cell CCR7 0.015556345 0.765212213 0.126487372 0.018757309
SELL 0.087163278 0.093649226 0.168112938 0.00172701
DUSP4 0.210204518 4.66E-05 0.310944533 3.60E-09
Effector memory T-cell GZMK -0.030926455 0.552634182 0.072100061 0.181523666
GZMA 0.050513824 0.33189635 0.142621342 0.007977156
CD69 0.012372955 0.812249658 0.110508722 0.040223521
Resident memory T-cell CXCR6 0.055378619 0.287380959 0.167829048 0.001758867
MYADM 0.258235124 5.04E-07 0.300630413 1.23E-08
General CCR7 0.015556345 0.765212213 0.126487372 0.018757309
SELL 0.087163278 0.093649226 0.168112938 0.00172701
Memory T-cell
IL7R -0.047784366 0.358718137 0.042168211 0.434952771
HAVCR2 0.234246846 5.44E-06 0.373995183 6.78E-13
Exhausted T-cell LAG3 0.245711889 1.80E-06 0.289404995 4.41E-08
CXCL13 0.148664025 0.004107682 0.221172856 3.40E-05
LAYN 0.156964964 0.00245437 0.214500211 5.91E-05
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