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Background: Hepatocellular carcinoma (HCC) remains one of the most common human cancers, 
the death cases induced by HCC are increasing these years. Endoplasmic reticulum stress (ERS) occurs 
when misfolded proteins cannot be disposed of properly. It is reported that ERS plays a crucial role in the 
pathogenesis of human malignant tumors. The aim of this study is to construct a novel gene signature based 
on ERS for predicting prognosis in HCC.
Methods: The data of HCC patients were downloaded from public databases. The Cox regression analysis 
and least absolute shrinkage and selection operator (LASSO) regression analysis were performed to construct 
ERS-related gene signature. The cases were divided into high- and low-risk groups based on the ERS-
related gene signature in The Cancer Genome Atlas (TCGA) cohort. Subsequently, the differences in 
messenger ribonucleic acid (mRNA) expression patterns, immune status, tumor mutation burden (TMB) 
and copy number variants (CNV) were investigated between high- and low-risk groups. Then, a predictive 
nomogram according to the ERS-related gene signature and clinicopathological variables was established. At 
last, we explored the biological functions of TMX1 which had the biggest coefficient and we investigated the 
effect of BRSK2 on apoptosis in HCC.
Results: In our study, a 9-gene ERS-related gene signature was constructed. The results showed that 
patients in the low-risk group had a better prognosis than the high-risk group patients. The results of 
receiver operating characteristic (ROC) curves revealed that the area under the curve (AUC) was 0.784 
at 1 year, 0.780 at 2 years, 0.793 at 3 years in the training set. While in validation cohort, this index was 
0.694 at 1 year, 0.622 at 2 years, 0.613 at 3 years respectively. The analysis of immune status revealed an 
immunosuppressive microenvironment in the high-risk group. The analysis of TMB and CNV revealed 
that the high-risk group patients had a higher genomic mutation frequency. In Univariate Cox regression 
analysis, the hazard ratio of RiskScore was 2.718 [95% confidence interval (CI): 2.173–3.399]. In Multivariate 
Cox regression analysis, the hazard ratio of RiskScore was 2.422 (95% CI: 1.805–3.25). Then, we established 
a nomogram according to the RiskScore and Eastern Cooperative Oncology Group performance status. The 
AUCs of the nomogram were 0.851 at 1 year, 0.860 at 2 years, and 0.866 at 3 years. At last, we found that 
TMX1 knockdown can inhibit the proliferation and migration of Huh7 and HepG2 cells. In addition, BRSK2 
knockdown could promote the apoptosis induced by ERS.
Conclusions: In our study, a novel ERS-related gene signature was constructed to predict the prognosis 
of HCC patients. In addition, TMX1 and BRSK2 could promote the progression of HCC. This study may 
provide a new understanding for HCC.
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Introduction 

Hepatocellular carcinoma (HCC) accounts for 75–85% 
of all primary liver cancer, which is the third leading 
reason for malignancy related death cases (1). The 
heterogeneity of HCC is very high, including three levels: 
interpatient heterogeneity, intertumoural heterogeneity and 
intratumoural heterogeneity (2). The prognosis of HCC 
patients varies significantly around the world (3). The high 
level of heterogeneity in HCC patients makes prognostic 
prediction challenging. So, it is necessary to construct 
effective and precise prognostic models for HCC patients 
to improve diagnosis and treatment. 

Endoplasmic reticulum (ER) plays a very important role 
in protein synthesis and processing, lipid metabolism and 
calcium storage (4). A third of polypeptides transported to 
the ER fail to fold correctly (5), and endoplasmic reticulum 
stress (ERS) occurs when the misfolded proteins cannot 
be disposed of properly, which can activate the unfolded 
protein response (UPR). UPR contains three branches 

activated by three ER transmembrane proteins: IRE1α, 
PERK, ATF6 (6). ERS has very important effects on HCC 
including tumor growth, invasion, metastasis, angiogenesis, 
and drug resistance (7). Researchers have reported that 
ERS can activate TRIM25 in HCC, which promotes the 
growth of cancer cells (8). P4Hb and GRP78 are molecular 
chaperones included in ERS. Xia et al. found that P4Hb 
may accelerate the progression of HCC by downregulating 
GRP78 and upregulating epithelial-mesenchymal transition 
(EMT) under ERS (9). Liu et al. showed that ERS was 
activated in HCC cells treated with sorafenib. ERS-induced 
autophagy can lead to sorafenib resistance in HCC cell (10).  
Yet, few prognostic models based on ERS have been 
developed for HCC patients.

We constructed an ERS-related gene signature 
containing 9 genes. EXTL3 is located at chromosome 
8p21.1 and take part in the signal transduction of islet-
derived proteins, which play roles in stimulating the growth 
of islet β-cell, gut immune defenses, tissue regeneration (11). 
In the tumor microenvironment, CXCL8 is an essential 
proinflammatory chemokine (12). It was reported that ERS 
can promote the expression of CXCL8 in breast carcinomas 
(13). MAGEA3 has prognostic value in a variety of cancers 
and can affect cell migration, invasion, proliferation 
and cisplatin-induced apoptosis (14,15). TMX1, which 
is a transmembrane thiol isomerase, is the first family 
member shown to negatively regulate platelets (16).  
TPP1 is a vital component of the telomere-binding protein 
shelterin complex, protecting chromosome ends from 
cellular deoxyribonucleic acid (DNA) damage (17). BRSK2 
can regulate ERS-nduced apoptosis (18), insulin secretion 
and β-cell biology (19). CREB3L1 is an ER-resident 
transmembrane transcription factor. This molecule is 
cleaved by regulated intramembrane proteolysis, followed 
by activation as a transcription factor (20). PIK3R1 encodes 
p85α subunit of PI3K enzymes and PIK3R1 is considered 
as a tumor-suppressor gene traditionally (21), but another 
study showed that overexpression of PIK3R1 accelerates 
HCC progression in cell lines (22). The protein encoded by 
ATP2A3 gene is Ca2+-ATPase3 from the sarco/endoplasmic 
reticulum (SERCA3) which plays a very important role in 
maintaining intracellular Ca2+ homeostasis (23).

In this study, we downloaded the data of ribonucleic 
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acid sequencing (RNA-seq) and clinical information of 
HCC patients from public databases. The Cox regression 
analysis and least absolute shrinkage and selection operator 
(LASSO) regression analysis were performed to construct 
ERS-related gene signature. The cases were divided into 
high- and low-risk groups based on the ERS-related gene 
signature in The Cancer Genome Atlas (TCGA) cohort. 
Following this, we examined the differences between high- 
and low-risk groups in terms of messenger ribonucleic 
acid (mRNA) expression patterns, immune status, tumor 
mutation burdens (TMB) and copy number variants (CNV). 
Finally, we established a predictive nomogram according 
to the ERS-related gene signature and clinicopathological 
variables. We present this article in accordance with the 
TRIPOD reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-24-191/rc).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

The collection and preprocessing of the data

The ribonucleic acid (RNA) sequencing data of liver 
hepatocellular carcinoma (TCGA-LIHC) were obtained 
from the UCSC Xena database (http://xena.ucsc.edu/), and 
the clinical data were obtained from the cBioPortal FOR 
CANCER GENOMICS database (https://www.cbioportal.
org/). The cases with 0 days survival time were deleted, 
and finally 362 cases were included in subsequent analysis. 
The validation cohort data of another 232 HCC cases 
were extracted from the International Cancer Genomics 
Consortium (ICGC) database (https://dcc.icgc.org/projects/
LIRI-JP). The ERS-related gene set (GO BP RESPONSE 
TO ENDOPLASMIC RETICULUM STRESS) which 
contains 295 genes was retrieved from Molecular Signature 
Database (MSigDB, http://www.gsea-msigdb.org/gsea/
msigdb/index.jsp). Among them, 291 genes were found in 
TCGA data sets and are supplied in Table S1.

Establishment of a prognostic ERS-related gene signature

The “survival” R package was applied to identify ERS-
related genes in connection with overall survival by 
Univariate Cox analysis in the TCGA cohort. The genes 
with a criterion that P<0.05 in Univariate Cox analysis 
were adopted to perform LASSO regression analysis with 

the “glmnet” R package. The model parameter λ was 
identified by tenfold cross-validation with the minimum 
criteria. Multivariate Cox analysis was used to establish the 
ERS-related prognostic model by R package “survival”. 
Subsequently, the RiskScore of each HCC patient was 
calculated according to the mRNA expression level of 
involved genes and their coefficients. The formula of 
RiskScore was established as follows: 

1
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n

i
iRisk s coeore ic

=

= ×∑ 	 [1]

The cases of HCC from TCGA and International Cancer 
Genome Consortium (ICGC) databases were classified into 
high- and low-risk groups based on the median RiskScore.

Evaluation of the prognostic gene signature

The Kaplan-Meier (K-M) survival curves were performed 
to compare overall survival (OS) between high- and low-
risk groups using the “survival” R package in the TCGA 
and ICGC cohort. The “timeROC” R package was applied 
to plot receiver operating characteristic (ROC) curves to 
assess the accuracy of the gene signature. Boxplots were 
drawn to explore the relationship between the RiskScore 
and clinicopathologic features.

The confirmation of differentially expressed genes (DEGs) 
between high- and low-risk group patients and functional 
enrichment analysis

The “limma” R package was applied to screen DEGs with 
the criteria Padj<0.05 and |log2FC| >1. The “clusterProfiler” 
R package was used to perform Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis with DEGs.

Estimation of immune status

ESTIMATE algorithm was applied to explore the difference 
in immune microenvironmental and stromal status between 
high- and low-risk groups with the R package “estimate”. 
The difference of immune infiltration level between high- 
and low-risk groups was estimated by the CIBERSORT 
algorithm and microenvironment cell population (MCP)-
counter algorithm. The relationship between the ERS-
related RiskScore and each immune cell and 13 immune-
related pathways were investigated by single sample gene 
set enrichment analysis (ssGSEA).

https://tcr.amegroups.com/article/view/10.21037/tcr-24-191/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-24-191/rc
http://xena.ucsc.edu/
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https://www.cbioportal.org/
https://dcc.icgc.org/projects/LIRI-JP
https://dcc.icgc.org/projects/LIRI-JP
http://www.gsea-msigdb.org/gsea/msigdb/index.jsp).
http://www.gsea-msigdb.org/gsea/msigdb/index.jsp).
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Gene set enrichment analysis (GSEA)

To explore the differences between pathways in the TCGA 
database between high- and low-risk groups, we performed 
GSEA analysis using GSEA 4.1.0 software. H.all. V2023.2. 
Hs. Symbols was selected as reference gene set. A false 
discovery rate (FDR) <0.25 and P<0.05 was considered 
significantly enriched.

TMB and CNV analysis

The maf format file of TMB was downloaded by the 
“maftools” R package. Masked copy number segment of 
CNV was obtained from TCGA GDC portal (https://
portal.gdc.cancer.gov/), and was analyzed by GISTIC2 with 
default parameters for arm-level and focal CNVs.

Establishment and assessment of the predictive nomogram

The connection between clinicopathological parameters 
and RiskScore as well as overall survival was estimated 
by Univariate Cox regression. The R package “survival” 
was applied to perform Multivariate Cox regression of 
parameters with P<0.05. The predictive nomogram for 
overall survival was constructed by independent prognostic 
parameters (P<0.05) confirmed by multivariate Cox 
regression. Time-dependent ROC curves and calibration 
plots were applied to evaluate the precision of the 
nomogram with the “survivalROC” and “rms” R packages.

Cell culture and reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR)

Huh7 and HepG2 cells lines were obtained from the 
Cell Bank of the Chinese Academy of Sciences and 
were cultured in Dulbecco’s Modified Eagle Medium 
(DMEM) with 10% fetal bovine serum (FBS). The 
smal l  in ter fer ing  RNAs ( s iRNAs)  o f  TMX1  and 
BRSK2 were purchased from GenePharma corporation 
(Shanghai,  China).  The Lipofectamine RNAiMax 
was used to transfect the siRNAs into the cells. The 
siRNAs sequences were showed below: siTMX1-1: 
5'-GGACGAGAACUGGAGAGAATT-3' (sense) and 
5'-UUCUCUCCAGUUCUCGUCCTT-3' (antisense); 
siTMX1-2: 5'-GGGAGAAGAUCU UGAGGUUTT-3' 
(sense) and 5'-AACCUCAAGAUCUUCUCCCTT-3' 
(antisense). siBRSK2-1: 5'-CAUCCGCAUCGCAG 
ACUUUTT-3' (sense) and 5'-AAAGUCUGCGAUGCG 
GAUGTT-3' (antisense); siBRSK2-2: 5'-CUUCGACGA 

UGACAACUUGTT-3' (sense) and 5'-CAAGUUGU 
CAUCGUCGAAGTT-3'  (ant isense) ;  the control 
siRNA: 5'-UUCUCCGAACGUGUCACGUTT30-3' 
(sense) and 5'-ACGUGACACGUUCGGAGAATT-3' 
(antisense). In the RT-qPCR assay, 2 μg RNA were 
used to generate complementary DNA (cDNA). The 
primer sequences of TMX1 are displayed below: forward 
primer AGTCCTGGTGCTGTTGCTTT; reverse 
pr imer  5 ' -CTCTCCAGTTCTCGTCCGTG-3' . 
The primer sequences of glyceraldehyde-3'-phosphate 
dehydrogenase (GAPDH) are shown below: forward 
primer 5'-GACAGTCAGCCGCATCTTCT-3'; reverse 
primer 5'-GCGCCCAATACGACCAAATC-3'. BRSK2: 
5'-GCTGGCGAAGAAGTCCTGGT-3' (forward) and 
5'-CGTGGCCTTGTACTCGGC-3' (reverse).

Cell counting kit-8 (CCK8) and 5-ethynyl-2'-deoxyuridine 
(EDU) assays

For CCK8 assay, 2×103 cells were seeded into 96-well plates. 
CCK-8 was purchased from MedChemExpress corporation 
(HY-K0301). At the right time, the CCK8 reagent 
was put into wells according to instructions. After 1 h,  
the optical density (OD) values were detected at 450 nm. 
For EDU assay, 3×105 cells were put into per well of 96-well 
plates. EDU reagent was obtained from RiboBio company 
(Guangzhou C10310-1). After receiving treatment, the cells 
were cultured with EDU reagent for 2 h, then the assay was 
performed according to EDU kit instructions.

Wound healing and transwell assays

Before the assays, Huh7 and HepG2 cells were treated with 
Mitomycin C to inhibit proliferation. For Wound healing 
assay, 3×105 cells were put into per well of 6-well plates, 
then the siRNA of TMX1 were transfected into cells. After 
24 h, the cells were scratched, and the images of 0, 12, 
24 h were collected. For Transwell assay, 2×105 cells were 
resuspended with DMEM without FBS and were put into 
upper chamber. Then the DMEM with 10% FBS was put 
into lower chamber. After 24 h, the cells were stained with 
1% crystal violet solution and collected images. Three 
replications were performed for each assay.

Terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) assay

Huh7 and HepG2 cells were prepared into round coverslips. 

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
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The cells were treated with 1 μg/mL tunicamycin which 
is ERS inducer. Then cells were incubated with TUNEL 
reagent for 2 hours. After washed with phosphate balanced 
solution (PBS), the coverslips were exposed to 4,6-diamino-
2-phenylindole (DAPI) for 20 min to facilitate nuclear 
staining. Subsequently, fluorescent microscope was used to 
take pictures. The TUNEL-positive cells were considered 
as apoptotic cells, and were quantified by the TUNEL-
positive rate (TUNEL-positive cells/DAPI).

Statistical analysis

SPSS software (Version 26), R software (Version 4.1.2) and 
Xiantaoxueshu (https://www.xiantao.love) were used for 
all statistical analysis. Student’s t-test or Chi-squared test 
was applied to compare the differences between different 
variables, with the criteria of P<0.05.

Results

Identification of ERS-related genes and construction of 
prognostic ERS-related gene signature 

ERS-re la ted  gene  se t  (GO BP RESPONSE TO 
ENDOPLASMIC RETICULUM STRESS) was screened 
from MSigDB database. Finally, 291 genes (Box S1) 
were identified in TCGA-LIHC RNA-seq. A prognostic 
signature was built using these ERS-related genes.

Univariate Cox regression analysis was applied to explore 
correlations between ERS-related genes and overall survival 
of 362 HCC patients in the TCGA database. It showed that 
67 genes (Table S1) were significantly associated with the 
overall survival of HCC patients (P<0.05). Subsequently, the 
ERS-related genes that had a better predictive performance 
were selected by LASSO regression analysis (Figure 1A,1B).  
The results showed that 16 genes (Table S1) were better 
associated with the overall survival of HCC patients 
(P<0.05). Finally, Multivariate Cox analysis was applied to 
further narrow down the range of prognostic ERS-related 
genes and construct the prognostic model. The result of 
multivariate Cox analysis was shown in Figure 1C. The 
RiskScore of each HCC patient involved in the study was 
calculated as follows: 

0.280 0.089
0.033 0.320
0.252 0.090
0.124 0.345
0.507

EXTL3 CXCL8
MAGEA3 TMX 1
TPP1 BRSK 2
CREB3L1 PIK3RL
ATP2

RiskS

A3

core = × + ×
+ × + ×
+ × + ×
+ × − ×
− ×

	 [2]

The validation of the 9 genes signature in the train set

Based on the median cut-off value, the HCC patients were 
divided into high- (n=181) and low-risk groups (n=181) 
in TCGA cohort (Figure 2A). The mortality of HCC 
patients increased with the RiskScore increasing (Figure 
2B). A comparison of the expression levels of the genes in 
the prognostic model between the two groups can be seen 
in Figure 2C. The K-M curves depicted that the cases in 
high-risk group had obviously reduced overall survival than 
those in low-risk group (Figure 2D, P<0.001). In order to 
evaluate the precision of the 9 gene signature, the time-
dependent ROC analysis was performed. As shown in 
Figure 2E, area under the curves (AUCs) were 0.784 at  
1 year, 0.780 at 2 years, and 0.793 at 3 years.

The confirmation of the 9 genes signature in the 
validation set

Similarly, RiskScore were calculated in the ICGC cohort 
of HCC patients, and the cases were categorized into high- 
(n=116) and low-risk (n=116) groups based on the median 
RiskScore (Figure 2F). Patients in the high-risk group had a 
higher chance of dying earlier (Figure 2G). The expression 
differences of 9 genes are shown in Figure 2H. As shown in 
K-M curves, the cases of the high-risk group had a shorter 
survival time (Figure 2I). Furthermore, the AUCs of the  
9 genes signature was 0.694 at 1 year, 0.622 at 2 years, and 
0.613 at 3 years (Figure 2J).

The relationship between RiskScore and clinicopathological 
factors

In the TCGA cohort, the high RiskScore was significantly 
related to higher tumor stage (T stage), higher clinical 
stage, higher degree of vascular invasion and higher 
neoplasm histologic grade (Figure 3A-3D).

DEGs between different patient groups and their 
functional enrichment analysis 

In the TCGA cohort, 717 genes were confirmed as DEGs 
between high- and low-risk groups patients with the 
criteria of Padj<0.05 and |log2FC| >1 (Figure 4A). The 
functions of those DEGs were explored by GO and KEGG 
enrichment analysis. These DEGs were mostly enriched 
in mitotic nuclear division, immunoglobulin complex, 
and regulation of mitotic sister chromatid segregation 

https://cdn.amegroups.cn/static/public/TCR-24-191-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-24-191-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-24-191-Supplementary.pdf
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among the biological process (BP), cellular component 
(CC), and molecular function (MF) categories, respectively 
(Padj<0.05, Figure 4B-4D). The category of metabolism of 
cytochrome P450 cell cycle was mostly enriched in KEGG 
analysis (Padj<0.05, Figure 4E). The study have shown 
that ERS is closely related to the metabolism of various  
substances (24). This is consistent with KEGG items such 
as tyrosine metabolism, glycolysis and gluconeogenesis, 
etc. (Figure 4E). In addition, ER stress has been shown to 
influence cancer cell proliferation (25). Our KEGG items 

cell cycle (Figure 4E), BP items mitotic nuclear division 
(Figure 4B) and most of MF items (Figure 4D) is related to 
proliferation closely.

Comparison of immune status between high- and low-risk 
groups

E S T I M AT E  a l g o r i t h m  w a s  a p p l i e d  t o  e x p l o r e 
microenvironmental immune and stromal status between 
different groups in the TCGA cohort. The tumor purity was 
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Figure 1 Confirmation of ERS-related genes. The ERS-related genes were identified by Molecular Signature Database. LASSO and 
multivariate Cox regression were performed for further screening. (A) Cross-validation to select the most suitable parameter in the LASSO 
regression model in the TCGA cohort. (B) The map of coefficient distribution of the LASSO regression model in the TCGA cohort. 
(C) The relationship between 9 genes related to ERS and OS was analysed by multivariate Cox regression in the TCGA cohort. ERS, 
endoplasmic reticulum stress; LASSO, least absolute shrinkage and selection operator; TCGA, The Cancer Genome Atlas; OS, overall 
survival; HR, hazard ratio; AIC, Akaike information criterion; CI, confidence interval.
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higher while stromal score, immune score, estimate score 
were lower in the high-risk group (Padj<0.001, Figure 5A).  
The infiltration status of immune cell subtypes was 
estimated by the CIBERSORT algorithm. As shown in 
violin plot Figure 5B, the high-risk group had obviously 
higher proportion of T cells follicular helper (P=0.04), T 
cells regulatory (P=0.001), NK cells activated (P=0.006), 
macrophages M0 (P<0.001), eosinophils (P=0.04), 
neutrophils (P=0.002). In contrast, the high-risk group had 
lower B cells naïve (P=0.001), plasma cells (P=0.049), T 
cells CD8 (P<0.001), T cells CD4 memory resting (P=0.02), 
NK cells resting (P=0.01), monocytes (P=0.02). Besides, 
antigen-presenting cells (APC) co-inhibition (P=0.002), 
CC chemokine receptor (CCR) (P<0.001), check-point 
(P=0.001), cytolytic activity (P<0.001), human leukocyte 
antigen (HLA) (P<0.001), inflammation-promoting 
(P<0.001), parainflammation (P=0.03), T cell co-inhibition 
(P<0.001), T cell co-stimulation (P<0.001), type II interferon 
(IFN) response (P<0.001) were obviously lower in the high-
risk group (Figure 5C). In MCP-counter analysis, the high-

risk group had a lower proportion of T cells (P<0.001), 
CD8 T cells (P<0.001), cytotoxic lymphocytes (P<0.001), 
B lineage (P<0.001), NK cells (P<0.001), myeloid dendritic 
cells (P=0.049), neutrophils (P=0.002), endothelial cells 
(P<0.001), fibroblasts (P=0.001) (Figure 5D). As shown in 
the results of ssGSEA analysis, the RiskScore was associated 
negatively with effector memory CD8 T cell, natural killer 
cell, T follicular helper cell, type I T helper cell, gamma 
delta T cell, immature B cell, activated B cell, macrophage  
(Figure 5E-5L). According to these results, immune 
infiltration of anti-tumor cells such as CD8+ cells was 
reduced in the high-risk group, contributing to a poor 
survival rate in these patients.

The results of GSEA

Based on the TCGA cohort, we performed GSEA. The 
results showed that UPR, glycolysis, DNA repair, and 
protein secretion were enriched in the high-risk group 
(Figure S1A-S1D), and UPR is closely related to ERS.
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Figure 5 The difference between immune landscape of two different groups in the TCGA cohort. The difference of ESTIMATE score (A), 
proportional differences of immune cells assessed by CIBERSORT algorithm (B) and MCP-counter algorithm (D) between high- and low-
risk groups. The difference of 13 immune-related functions (C) and the relationship between RiskScore and part of immune cells estimated 
by ssGSEA (E-L) in high- and low-risk groups. *, P<0.05; **, P<0.01; ***, P<0.001; ns, no significance. ssGSEA, single sample gene set 
enrichment analysis; TCGA, The Cancer Genome Atlas; MCP, microenvironment cell population; APC, antigen-presenting cell; CCR, CC 
chemokine receptor; HLA, human leukocyte antigen; IFN, interferon.



Du et al. A novel gene signature based on ERS in HCC4584

© AME Publishing Company.   Transl Cancer Res 2024;13(9):4574-4592 | https://dx.doi.org/10.21037/tcr-24-191

The status of mutations and copy number variation 
between different groups 

Based on the TCGA cohort, waterfall plots were used 
to display the mutation patterns in HCC patients. In the 
high-risk group, the top ten mutation genes were TP53, 
TTN, CTNNB1, MUC16, PCLO, OBSCN, ALB, APOB, 

CSMD3, LRP1B (Figure 6A). While, the top ten mutation 
genes were TTN, CTNNB1, TP53, MUC16, ALB, PCLO, 
MUC4, ABCA13, FLG, RYR2 in low-risk group (Figure 6B). 
According to the results, the mutation rate of TP53 was 
38% in the high-risk group, while in the low-risk group, it 
was 19%. Moreover, mutations of MUC16 were also more 
prevalent in the high-risk group than in the low-risk group. 
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Additionally, the status of somatic copy number variation 
in different groups was also examined using GISTIC 2.0. 
Compared to the low-risk group, some oncogenic driver 
genes such as MYC (8q24.21), MET (7q31.2), MTDH 
(8q22.1) and RPS6KB1 (17q23.1) were amplified (Figure 6C),  
whereas tumor suppressor genes such as WRN (8p21.3), 
CDKN2A (9p21.3), and BRCA2 (13q13.1) were deleted 
(Figure 6D) in the high-risk group. In the low-risk group, 
frequently amplified genomic regions included 1q21.3, 
5p15.33, 6p21.1 and 11q13.3, while deleted regions 
contained 1p36.23, 9p21.3 and 13q13.2 (Figure 6C,6D). 
Briefly, the frequency of genome mutations was higher in 
the high-risk group than in the low-risk group, suggesting 
that mutations may be involved in HCC tumorigenesis.

Establishment of a predictive nomogram according to 
RiskScore 

Univariate Cox regression analysis was conducted to 
examine the relationship between overall survival, 
RiskScore, and clinicopathological variables in the TCGA 
cohort (Figure 7A). The hazard ratio of RiskScore was 2.718 
[95% confidence interval (CI): 2.173–3.399, P<0.001]. We 
then performed a multivariate Cox regression analysis on 
the variables that reached statistical significance (Figure 7B).  
The hazard ratio of RiskScore was 2.422 (95% CI: 
1.805–3.25, P<0.001). The results indicated that RiskScore 
and Eastern Cooperative Oncology Group (ECOG) 
performance status were independent prognostic factors. 
Next, a predictive nomogram according to RiskScore and 
ECOG performance status was constructed (Figure 7C). As 
the results illustrated, RiskScore was of great importance 
in this scoring system. According to the calibration plots, 
the predictive survival rate and actual survival rate in this 
nomogram are strongly consistent (Figure 7D-7F). The 
results of ROC curves showed that the AUCs were 0.851 
at 1 year, 0.860 at 2 years, and 0.866 at 3 years (Figure 7G). 
In conclusion, a novel nomogram based on RiskScore has 
been developed that can assist clinicians in assessing the 
prognosis of HCC patients.

The biological functions of TMX1 and BRSK2 in HCC

In our model, TMX1 had the biggest coefficient suggesting 
that TMX1 plays an important role in HCC. Then we 
explored the biological functions of TMX1 in HCC. Our 
results showed that the expression level of TMX1 were 
significantly knocked down by siRNAs (Figure 8A). CCK8 

and EDU assays showed that the proliferation of Huh7 
and HepG2 cells were inhibited after TMX1 knockdown 
(Figure 8B-8D). Wound healing and transwell assays showed 
that the migration ability of Huh7 and HepG2 cells were 
attenuated after TMX1 knockdown (Figure 8E-8G). Our 
results showed that TMX1 knockdown can inhibit the 
proliferation and migration of Huh7 and HepG2 cells. On 
the other hand, we explored the effect of BRSK2 on ERS 
induced apoptosis. The expression level of BRSK2 were 
significantly knocked down by siRNAs (Figure S2A,S2B). 
The results showed that BRSK2 knockdown could promote 
the apoptosis induced by ERS of Huh7 and HepG2 cells 
(Figure S3A,S3B).

Discussion

Globally, primary liver cancer remains one of the most 
common types of cancer in humans. In spite of the wide 
variety of treatment strategies available for primary liver 
cancer, the patient’s prognosis is dismal, with a 5-year 
survival rate in America of only 18.1% (26). HCC accounts 
for the largest proportion of primary liver cancer, of which 
the overall survival is significantly different around the 
world. On the other hand, it’s difficult to estimate the 
prognosis of HCC exactly. As the previous study shown that 
the ERS has been demonstrated to be a crucial component 
of the biogenesis and development of HCC (7), but the 
relationship between ERS and the overall survival of HCC 
is not clear. Hence it is urgent to explore the relationship 
between ERS and HCC. Our study aimed to establish a new 
gene signature according to ERS and to provide assistance 
for the treatment and diagnosis of HCC. In this study, we 
established a new 9-genes signature related to ERS. The 
expression level of EXTL3, CXCL8, MAGEA3, TMX1, 
TPP1, BRSK2, CREB3L1 were negative while PIK3R1, 
ATP2A3 were positive with the prognosis of HCC patients. 
The products of EXTL3 gene are glycosyltransferases 
which play an important role in the biosynthesis of heparan 
sulfate (11). A recent study found that PI3K-AKT signaling 
regulates keratinocyte differentiation via RAG3A-EXTL3 
interaction (27). In another study, Zhang et al. found that 
REG3A/REG3B binding to EXTL3 can promote acinar to 
ductal metaplasia and stimulate the RAS-RAF-MEK-ERK 
signaling pathway (28). In the tumor microenvironment, 
CXCL8 is an essential proinflammatory chemokine (12). 
It was reported that ERS can promote the expression of 
CXCL8 in breast carcinomas (13). In other studies, CXCL8 
can promote HCC metastasis and progression (29,30) which 
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Figure 7 Construction of a predictive nomogram based on RiskScore. The R package “survival” was applied to perform Multivariate Cox 
regression of parameters with P<0.05. Time-dependent ROC curves and calibration plots were applied to evaluate the precision of the 
nomogram with the “survivalROC” and “rms” R packages. Construction of a predictive nomogram based on RiskScore in the TCGA cohort 
and (A) univariate and (B) multivariate Cox regression analyses between OS, RiskScore and clinicopathological parameters in the TCGA 
derivation cohort. (C) Nomogram based on RiskScore and ECOG performance status. (D-F) Calibration curves for 1-, 2- and 3 years for the 
nomogram. (G) The ROC curve to predict 1-, 2- and 3 years OS of the nomogram in TCGA cohort. ROC, receiver operating characteristic; 
TCGA, The Cancer Genome Atlas; OS, overall survival; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; CI, confidence 
interval; TPR, true positive rate; FPR, false positive rate; AUC, area under the curve; AJCC, American Joint Committee on Cancer.

is consistent with our study. However, the relationship 
between ERS, CXCL8 and HCC needs to be further 
explored in the future. MAGEA3 is one of the members of 
cancer-testis antigen. The aberrant expression of MAGEA3 
has been identified in various cancers (31). In a recent study, 
MAGEA3 has been verified as a driver of tumor progression 
in HCC (32), and some long non-coding RNAs can 
influence proliferation, chemoresistance and the progression 
of HCC via MAGEA3 (33). In the above studies, MAGEA3 

can promote cancer progression which is consistent with 
our study. The product of TMX1 is the disulfide isomerase 
(PDI) which plays a very important role in ERS (34). Raturi 
et al. found that TMX1 can regulate the transport of Ca2+ 
and cancer cell metabolism (35). The transcription product 
of TPP1 is a lysosomal protease and can cleave substrate 
N-terminal tripeptides. The high expression level of TPP1 
has been found to be associated with a poor prognosis for 
patients with HCC (36) which is consistent with our study. 
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Figure 8 The validation of biological functions of TMX1 in HCC. (A) The validation of knockdown efficiency of TMX1 in Huh7 and 
HepG2 cell lines. (B) The influence of TMX1 knockdown on proliferation of Huh7 and HepG2 cell lines detected by CCK8. (C,D) The 
influence of TMX1 knockdown on proliferation of Huh7 and HepG2 cell lines detected by EDU assay. The proliferating nucleus were 
stained by EDU solution and all nucleus were stained by DAPI solution. Finally, the data was collected by fluorescence microscopy. (E,F) 
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BRSK2 is a serine/threonine kinase, Wang et al. found 
that ERS can down-regulate the protein level of BRSK2 
and reduce the apoptosis induced by ERS (18). CREB3L1 
is a cellular transcription factor in response to ERS (37). 
Furthermore, CREB3L1 is rarely studied in HCC, but one 
study found that CREB3L1 is associated with the prognosis 
of gliomas (38). PIK3R1 encodes p85α subunit of PI3K 
enzymes and PIK3R1 is considered as a tumor-suppressor 
gene traditionally (21), but another study showed that 
overexpression of PIK3R1 accelerates HCC progression 
in cell lines (22). Furthermore, PIK3R1 can promote the 
transport of XBP1 isoform 2 to the nuclear, which regulates 
ER responses and improves liver glucose tolerance (39). In 
our study, PIK3R1 is a protective factor, which is in conflict 
with some current studies, and more research is needed 
in the future to explore the reasons. The protein encoded 
by ATP2A3 gene is SERCA3 which plays a very important 
role in maintaining intracellular Ca2+ homeostasis (23). The 
previous study showed that the overexpression of ATP2A3 
can induce apoptosis, suppress cell cycle progression and 
trigger ERS (40). In HCC cases, the expression of ATP2A3 
is downregulated and is related to the poor prognosis of 
HCC patients (41). In the current study, ATP2A3 was a 
protective factor, which is consistent with our findings. 
To conclude, among the 9 genes included in our gene 
signature, EXTL3, TMX1, BRSK2, and CREB3L1 are 
related to the overall survival of HCC patients. However, 
research on them is rare and more effort needs to be taken 
to investigate the function of those genes in HCC. The 
roles of residual genes in the process of ERS in HCC need 
to be identified in the future.

In our study, the RiskScore of each HCC patient was 
calculated and the immune status was explored in different 
groups with different methods in the TCGA cohort. The 
high-risk group had a lower immune infiltration state, 
and a higher tumor purity. As our results shown, the high-
risk group had a higher infiltration of M2 macrophages, 
regulatory T cells (Tregs) and a lower infiltration of CD8+ T 
cells. In the results of MCP counter, the infiltration of NK 
cells was lower in the high-risk group. Besides, most of the 

immune response are reduced in high-risk group. The major 
functions of M2 macrophages are anti-inflammatory and 
immunosuppressive effects (42). It is believed that these cells 
can suppress the immune system and promote tumor cell 
proliferation and metastasis (43). Tregs are highly immune 
suppressive cells. They can suppress effective antitumor 
immunity, which can contribute to the poor prognosis 
of various types of human cancers (44). It’s reported that 
CD8+ T cells can interact with other immune cells, and 
it is of great importance in the anti-tumor process (45).  
Clinical studies have illustrated that the high frequency of 
CD8+ T cells is favorable for cancer-free survival in patients 
with different cancers (46-48). In humans, NK cells play 
a very important role in tumor immunosurveillance and 
reduced NK cells function has been linked with the worse 
outcomes in cancer patients (49). According to our study, 
one reason for poor prognosis in the high-risk group is the 
immunosuppressive microenvironment, these subgroup 
patients might get more benefit from immunotherapy by 
targeting CD8+ T cells or NK cells.

Furthermore, we examined the mutation status of the 
different groups. The results suggested that the mutation 
rate of TP53, MUC16 was higher in the high-risk group. 
TP53 gene is a widely studied tumor suppressor gene and 
mutation of TP53 is common in human malignancies (50).  
The TP53 protein plays a critical role in the cellular 
response to different stresses and can maintain genomic 
integrity (51). MUC16 is also known as CA125, which 
has been confirmed as a biomarker in ovarian cancer. In 
addition, it has been demonstrated that it is overexpressed 
in human cancers. The overexpression of MUC16 can 
promote disease progression and metastasis in some cancers, 
thus it is an ideal target for diagnosis and therapy (52).  
In the analysis of somatic copy number variation, we 
observed that amplified genomic peaks of oncogenic drivers 
were discovered in the high-risk group, including MYC, 
MET, MTDH and RPS6KB1. Besides, some deletion peaks 
were also observed for tumor suppressor genes such as 
WRN, CDKN2A, and BRCA2. Those genes are critical 
for the process of the HCC (53), the amplification of 

The results of wound healing assay of Huh7 and HepG2 cell lines after TMX1 knockdown. For wound healing assay, 3×105 cells were put 
into per well of 6-well plates, then the siRNA of TMX1 were transfected into cells. After 24 h, the cells were scratched, and the images of 
0, 12, 24 h were collected by microscope. (G) The results of transwell assay of Huh7 and HepG2 cell lines after TMX1 knockdown. The 
cells were stained by crystal violet and the data were cedullected by microscope. *, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001. CCK8, 
cell counting kit 8; EDU, 5-ethynyl-2'-deoxyuridine; DAPI, 4',6-diamidino-2-phenylindole; NC, normal control; siRNA, small interfering 
RNA; HCC, hepatocellular carcinoma.
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oncogenes and deletion of suppressor genes may lead to 
poor prognosis in high-risk group. More importantly, the 
alternations and heterogeneity of genomics have an impact 
on tumor microenvironment transformation, progression, 
and treatment resistance (54), thus those mutation can also 
serve as the therapeutic targets for high-risk group.

In the following analysis, we identified RiskScore and 
ECOG performance status as independent predictors 
and constructed a nomogram based on them. ECOG 
performance status is a widely applied comprehensive scale 
of symptoms and mobility, which has existed for a long  
time (55). Compared to other models, our nomogram 
exhibits robust accuracy and practicality (56,57). Besides, 
the model can provide a practical tool for clinics to assess 
the prognosis of HCC patients. 

At last, we selected TMX1 which had biggest coefficient 
to validate its biological functions. The role of TMX1 in 
HCC is not clear in present study, and our results showed 
that the ability of proliferation and migration of Huh7 and 
HepG2 cells were inhibited by TMX1 knockdown. On the 
other hand, BRSK2 could promote ERS-induced apoptosis 
of Huh7 and HepG2 cells. Our study showed that TMX1 
and BRSK2 act as oncogene in HCC, and the mechanism 
needs to be explored in further.

There are some shortcomings in this study. First, our 
study was retrospective and the data were obtained from a 
public database, a large number of clinical cases are required 
to confirm the effectiveness of the model. Moreover, the 
immune states and somatic mutations related to the gene 
signature need to be explored by basic experiment. Finally, 
the construction of nomogram was based on the RNA-seq 
technology, the high cost may limit the clinical application 
of the model. It is worth noting that our article has been 
published in advance as a preprint paper (58).

Conclusions

In a word, this study established a 9 genes signature related 
to ERS, and identified it as an independent prognostic 
factor for HCC. Furthermore, we constructed a nomogram 
according to the gene signature and clinical parameters to 
predict the prognosis of HCC patients. At last, we explored 
the biological functions of TMX1 and BRSK2 in HCC. Our 
study may provide a new perspective for HCC.
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