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Background: Hepatocellular carcinoma (HCC) is a malignant tumor with a high fatality rate, predicting
poor prognosis and therapeutic effect. Screening potential prognostic genes in HCC could be a creative way
to advance clinical treatment. Eukaryotic translation initiation factor 2 subunit beta (EIF2S2) has reportedly
been linked to several tumors, including liver cancer, but the prognostic predictions remain unknown.
Therefore, we aimed to clarify the prognostic role and interaction network of EIF2S2 in HCC using
bioinformatics data.

Methods: We screened EIF2S2 using the Oncomine, Ualcan, and TCGA databases. R software was used
to analyze the mRNA level and clinicopathological characteristics of hepatocellular carcinoma. Evaluation
of the correlations between EIF2S2 and patients’ survival was made using the Kaplan-Meier curves and Cox
proportional hazards regression model. Then, the influence of EIF2S2 gene mutations on the prognosis of
patients was explored by cBioPortal. The protein-protein interaction network of 50 similar genes related to
EIF2S2 was implemented by GEPIA2 and Metascape. The LinkedOmics database allowed us to carry out
Gene Set Enrichment Analysis. Finally, we constructed the EIF2S2 kinase, miRINA, and transcription factor
target networks using GeneMANIA.

Results: EIF252 mRNA was overexpressed in HCC and was closely associated with clinicopathological
features, including gender, age, race, tumor grade, and stage. There was no correlation between EIF2S2
genetic mutations and prognostic survival. Combining Cox proportional hazards regression model analyses,
high-expressed EIF2S2 predicted poor prognosis in HCC patients. Additionally, we screened the top
three EIF2S2-related genes (PFDN4, HM13, and SNRPDI), the 50 similar genes, and then constructed
a 50-similar-gene protein-protein interaction network identified by the Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways using Metascape. EIF2S2 target networks in HCC
were identified in kinase, miRINA, and transcription factor networks, including the mitogen-activated protein
kinase 1 (MAPKI), miRNAs (Mir-144), and transcription factors (GGAANCGGAANY_UNKNOWN)
using GeneMANIA.

Conclusions: EIF2S?2 plays a crucial role in the gene-regulating network of HCC and may be a potential

prognostic marker or therapeutic target for HCC patients.
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Introduction

Globally, liver cancer is ranked the sixth most common
cancer with the third highest mortality rate, of which
hepatocellular carcinoma (HCC) accounts for 75-85%
of cases (1). HCC has a poor prognosis, short survival
outcome, and no clear curative strategies (2), plaguing many
medical researchers (1,3,4). Therefore, it is necessary to find
new treatment targets by screening the interaction network
of genes related to the prognosis of HCC patients.

Compelling evidence has shown that RNA-binding
proteins (RBPs) play critical roles in regulating gene
expression in many diseases, especially tumors (5,6). In
recent years, several RBPs closely associated with cancers
have been discovered. For example, the RNA binding
protein FXRI degrades p21-mRNA via the stability of
miR301a-3p in oral cancer (7). RBP Musashi2 increases the
stabilization of the androgen receptor pathway by binding
to the 3'-untranslated region of its mRNA, promoting
prostate cancer progression (8). EIF2B5 has been proved
to participate in cancer progression and has become a
biomarker for the prognosis of patients with liver cancer (9).

Furthermore, in recent years eukaryotic translation
initiation factor 2 subunit beta (EIF2S2) has been identified
as a novel gene within the RBP family. EIF2S2 is mainly
involved in trait genetics in the normal physiological
process of humans and animals, such as skin color (10),
pigmentation (11), and hair fibers (12). The most
interesting aspect now lies in its promising role in clinical
diseases, such as ovarian cancer (13), testicular cancer (14),
breast cancer (15), ovarian insufficiency (16), and lung
adenocarcinoma (17). Several studies have indicated
that EIF2S52 may have significant potential in predicting
cancer stage and prognosis, but the specific mechanism
remains unclear. One report confirms that EIF2S2 is highly
expressed in gastrointestinal cancers and promotes cell
proliferation, migration, and invasion of colorectal cancer
via the EIF2S2-LINCO01600-MYC axis (18). However, the
prognostic relationship between EIF2S2 and HCC has not
been established.

This study explored the expression level of EIF2S52
in HCC tissues, the associations between EIF2S2 and
the clinical features of HCC patients, and the effect of
EIF2S2 gene mutations on the prognosis of patients.
Using bioinformatics analyses, we also constructed gene
networks and explored the predictive function of gene sets
to elucidate the prognostic role and interaction networks
of EF2S2 in HCC, hoping to provide new directions for

© Journal of Gastrointestinal Oncology. All rights reserved.

Ji et al. High expression of EIF2S2 predicts poor prognosis of HCC

prognostic prediction and future therapeutic interventions.
We present the following article in accordance with the
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-748).

Methods
Oncomine database

The Oncomine database (www.oncomine.org) is a powerful
online tool that integrates and unifies high-throughput
cancer research profiling data (DNA and RNA), helping
researchers rapidly assess target expressions across a large
volume of cancer types, subtypes, and experiments (19). The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). We acquired the EIF2S2
mRNA levels from the Oncomine database. The Student’s
t-test was used to compare the difference in EIF2S2 mRINA
levels between HCC vs. normal tissues. The following
parameters were selected: P value: 0.05; fold change: 1.5;
gene rank: 10%; and data type: mRINA.

Ualcan database

Ualcan (http://Ualcan.path.uab.edu) provides easy access
to The Cancer Genome Atlas (TCGA) (20). In this study,
it was used to analyze the relative expression of EIF2S2 in
different grades and TNM-stages of HCC. The Student’s
t-test was employed in the statistical analysis of EIF2S2
transcription, where P<0.01 was considered statistically
significant.

TCGA

TCGA has collected 2.5 PB of data, including genome,
epigenome, transcriptome, and proteome data to obtain a
comprehensive understanding of the genomic alterations
that underlie all major cancers. It has revealed the
characteristics of cancers from the gene and molecular
perspective and has improved the diagnosis, treatment,
and prevention of cancers (21). R software (for statistical
computing and graphics, version 3.6.3) was used to analyze
the RNAseq data and clinicopathological characteristics of
liver hepatocellular carcinoma (LIHC) patients in TCGA.
Using the median expression of EIF2S2 as the dividing line,
the correlation between the expression of EIF2S2 and the
clinical characteristics of patients was analyzed. The data
without clinical information was filtered out.
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Kaplan-Meier plotter
The Kaplan-Meier plotter (http://kmplot.com/analysis/)

integrates gene expression and clinical data and has been
used to determine the prognostic value of specific genes
in liver cancer, breast cancer, ovarian cancer, lung cancer,
and gastric cancer (22-25). The Kaplan-Meier curves were
selected to compare the differences in overall survival (OS),
relapse-free survival (RFS), progression-free survival (PFS),
and disease-specific survival (DSS) between the low-EIF2S2
mRNA group and the high-EIF252 mRNA group.

Cox proportional bazards regression model

The Cox regression model of survival package (R version
3.6.3) was applied to analyze the correlations among T
stage, pathological stage, tumor status, residual tumor,
histological grade, AFP (ng/mL), vascular invasion, EIF2S2,
and OS.

cBioPortal

The cBioPortal for Cancer Genomics is an open-access,
open-source resource for interactive retrieval, visualization,
and analysis of multidimensional cancer genomic data
sets. It provides rapid, intuitive, and high-quality access to
molecular profiles and clinical attributes from large-scale
cancer genomics projects (26). In this study, we retrieved
the EIF2S2 genomic profile, which contained mutations,
putative copy-number alterations from GISTIC (Genomic
Identification of Significant Targets in Cancer), and mRNA
expression z-scores (RNASeq V2 RSEM) with a z-score
threshold £2.0. The EIF2S2 mutations were shown by
tracts, and their effect on OS, disease-free survival, PFS,
and DSS of HCC patients was demonstrated by Kaplan-
Meier curves. The statistical significance between the
survival curves was analyzed using the log-rank test, where
P<0.05 was considered statistically significant.

GEPIA?2 and Metascape

The Gene Expression Profiling Interactive Analysis
(GEPIA2, http://gepia2.cancer-pku.cn) is an online
interactive database (27), which allowed us to explore 50
similar genes related to EIF2S2. Subsequently, we used the
enrichment module of Metascape (28) to analyze the Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
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Genomes (KEGG) pathways to construct a protein-protein
interaction network of 50 similar genes related to EIF2S2.

Gene set enrichment analysis (GSEA)

The LinkedOmics database (http://www.linkedomics.org)
contains multi-omics data of 32 malignant tumors in
TCGA database and also includes mass spectrometry-
based proteomics data generated by the Clinical Proteomics
Tumor Analysis Consortium (CPTAC) for TCGA breast,
colorectal, and ovarian tumors (29). It offers an online
platform for biologists and clinicians to retrieve, analyze,
and compare cancer multi-omics data within and across
tumor types. The LinkInterpreter module was used to
perform a GSEA, including GO (cellular components,
molecular functions, and biological processes) and KEGG
pathways, kinase-target enrichment, miRNA-target
enrichment, and transcription factor-target enrichment.

GeneMANIA analysis

GeneMANIA (http://www.genemania.org) has a user-
friendly interface, which allowed us to build a protein-
protein interaction network, analyze gene functions to
generate hypotheses, and prioritize genes for functional
assays (30). In this study, GeneMANIA provided the
ability to visualize gene networks and predict the function
of GSEA gene sets enriched in HCC: kinase MAPKI,
miRNA-144, and transcription factor.

Statistical analysis

The data were expressed as the Mean = SD. The Student’s
t-test was used to compare the difference in EIF2S2 mRINA
levels between HCC vs normal tissues on the Oncomine
and Ualcan database. Basic R package of R software (for
statistical computing and graphics, version 3.6.3; https://
cran.r-project.org/bin) was used to analyze the RNAseq data
and clinicopathological characteristics of liver hepatocellular
carcinoma (LIHC) patients in TCGA. The long rank test
was applied to analyze the Kaplan-Meier survival curve.
The Cox regression model of survival package (R version
3.6.3) was applied to analyze the correlations among T
stage, pathological stage, tumor status, residual tumor,
histological grade, AFP (ng/mL), vascular invasion, EIF2S2,
and OS. P<0.05 was considered statistically significant.
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Figure 1 EIF2S?2 transcription in HCC. The EIF252 mRNA levels and DNA CNVs are significantly higher in HCC tissues than in normal
liver tissues. P values, fold change, overexpression gene rank, and copy number gain gene rank are shown based on the Oncomine 4.5 analysis.
(A) The EIF2S2 mRNA levels in the Roessler Liver 2 datasets. (B) The EIF2S2 copy number in TCGA (Liver). (C) The EIF2S2 copy

number in the Guichard Liver datasets. EIF2S2, eukaryotic translation initiation factor 2 subunit beta; HCC, hepatocellular carcinoma;

CNYV, copy number variation; TCGA, The Cancer Genome Atlas.

Results

Correlations between EIF2S2 expression and
clinicopathological characteristics in HCC

Firstly, the transcriptional level of EIF2S2 was evaluated in
three HCC studies from T'CGA and the Gene Expression
Omnibus (GEO) (see Figure I). The data from the Oncomine
database showed that EIF252 mRNA levels and DNA copy
number variations (CNVs) were significantly higher in HCC
tissues than in normal liver tissues (P<0.001) (Figure 1A).
Although the fold-change (1.997) was <2 (Figure 1A),
EIF2S?2 ranked in the top 4% for mRNA expression and the
top 10% according to DNA CNVs (Figure 1B,1C). Based on
the TCGA subgroup analysis, which included sex, age, race,
tumor grade, and stage, high transcription levels of EIF252
were also observed in 371 LIHC samples, which showed
a significant difference compared with healthy individuals
(Figure 2). The correlations between EIF2S2 expression
and clinicopathological characteristics for LIHC patients
in TCGA are listed in Table 1. EIF2S2 mRNA upregulation
was significantly associated with T  stage of tumor (P=0.002),
pathologic stage (P=0.002), histologic grade (P<0.001),
AFP (P<0.001), vascular invasion (P=0.008), and residual
tumor (P=0.025). Most importantly, these findings indicate
that overexpressed EIF2S2 participates in the progression
of HCC, which also implies EIF2S2 may be a potential
prognostic indicator for HCC.

Correlations between EIF2S2 gene mutations and the

prognosis of HCC patients

We observed the influence of EIF2S2 gene mutations on
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the prognosis of patients, using cBioPortal according to
the RNA-seq data from LIHC patients in TCGA database.
Changes in EIF2S52 were found in 39 (11%) LIHC patients
(n=366), of which 38 (10.4%) were mRNA upregulated
and one (0.003 %) was amplified (Figure 3A4). Thus, EIF252
mRNA upregulation was the most common type of gene
mutation in HCC. Interestingly, the relationship between
genetic alterations and OS (Figure 3B, P=0.15), disease-free
survival (Figure 3C, P=0.463), PFS (Figure 3D, P=0.855),
and DSS (Figure 3E, P=0.338) in HCC patients revealed
that there was no correlation between genetic mutations
and various survival periods.

Overexpressed EIF2S2 indicated poor prognosis in HCC
patients

We used the Kaplan Meier plotter database to display the
relationships between EIF2S52 and HCC prognosis by
combining OS, disease-free survival, and RFS with DSS.
OS [Figure 4A, hazard ratio (HR) =1.8 (1.27-2.55), logrank
P=0.00076], disease-free survival [Figure 4B, HR =1.37
(1.02-1.84), logrank P=0.034], RFS [Figure 4C, HR =1.45
(1.04-2.01), logrank P=0.026] and DSS [Figure 4D, HR
=2.09 (1.25-3.51), logrank P=0.0042] were reduced in HCC
patients with upregulated EIF2S2 expression.

Furthermore, univariate and multivariate Cox proportional
hazards regression models were applied to evaluate
the correlation between EIF2S2 and clinical prognosis
(Table 2). The univariate Cox regression statistical results
indicated that patients with overexpressed EIF2S2 had
a poor OS (P<0.001) in TCGA-LIHC, together with

several clinicopathological features, including tumor stage
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Figure 2 The Ualcan results of EIF2S2 transcription in subgroups of patients with HCC, stratified by gender, age, and other criteria.
(A) The EIF2S2 mRNA level is clearly different between LIHC samples (n=371) and normal tissues (n=50). Compared with normal
individuals, EIF252 mRNA levels in LIHC patients show statistical differences in sex (B), age (C), ethnicity (D), stage (E), and grade (F).
The expression level is shown as the mean = SE. *, P<0.05; **, P<0.01; ***, P<0.001. EIF2S2, eukaryotic translation initiation factor 2 subunit

beta; HCC, hepatocellular carcinoma; LIHC, liver hepatocellular carcinoma.

(P<0.001), pathologic stage (P<0.001), and tumor status
(P<0.001). Based on the multivariate analysis, pathologic
stage [HR (95% CI) =1.787 (1.094-2.919), P=0.020], and
tumor status [HR (95% CI) =1.743 (1.162-2.615), P=0.007]
had adverse effects on OS. In TCGA-LIHC, EIF2S2
overexpression was an independent risk factor related
to poor prognosis [HR (95% CI) =1.962 (1.320-2.915),
P<0.001]. Clearly, upregulation of EIF2S2 serves as an
independent high-risk factor underlying poor clinical

prognosis.

EIF2S2 biological interaction network in HCC

GO and KEGG pathway analysis of 50 similar genes
correlated with EIF2S2 in HCC

We further analyzed 50 similar genes significantly associated
with EIF2S2 using the GEPIA2 database and constructed an
integrated network with Metascape (https://metascape.org).
The 50 similar genes are shown in Table S1. Metascape
was used to enrich the GO and KEGG terms. The top 19
clusters with their representative enriched terms are shown
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in Figure 5A. In addition, based on the enriched GO and
KEGG terms, a protein-protein interaction network is
shown in Figures 5B,5C. The top three best P value GO
terms were as follows: go: 1900182 was involved in the
positive regulation of protein localization to the nucleus;
go: 1903829 participated in the positive regulation of
cellular protein localization; and go: 0008022 played a part
in protein C-terminus binding.

Moreover, the LinkedOmics function module was
applied to analyze the mRNA sequencing data of 371 LIHC
patients in TCGA database. In the LinkFinder module,
the volcano plot (Figure 64) shows 5,123 genes (dark red
dot) to be significantly positively correlated with EIF2S2,
while 4,690 genes (dark green dot) were significantly
negatively correlated with EIF2S2 [false discovery rate
(FDR) <0.01]. The heat map illustrates the top 50 genes
that were positively (Figure 6B) and negatively (Figure 6C)
related to EIF252. We also found that prefoldin 4 (PFDN4),
histocompatibility minor 13 (HM13), and small nuclear
ribonucleoprotein D1 polypeptide (SNRPD1) were the
top three genes significantly and positively correlated to
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Table 1 Correlations between EIF2S2 expressions and
clinicopathological characteristics

Ji et al. High expression of EIF2S2 predicts poor prognosis of HCC

Table 1 (continued)

Low High
Characteristics expression of  expression of P!
EIF2S2 EIF2S2
n 187 187
T stage, n (%) 0.002¢
T 109 (29.4) 74 (19.9)
T2 37 (10.0) 58 (15.6)
T3 34 (9.2) 46 (12.4)
T4 4(1.1) 9(2.4)
N stage, n (%) 0.622
NO 126 (48.8) 128 (49.6)
N1 1(0.4) 3(1.2)
M stage, n (%) 1.000
Mo 131 (48.2) 137 (50.4)
M1 2(0.7) 2(0.7)
Pathologic stage, n (%) 0.002¢
Stage | 104 (29.7) 69 (19.7)
Stage Il 36 (10.3) 51 (14.6)
Stage IlI 33 (9.4) 52 (14.9)
Stage IV 3(0.9) 2 (0.6)
Tumor status, n (%) 0.083
Tumor free 111 (31.3) 91 (25.6)
With tumor 69 (19.4) 84 (23.7)
Gender, n (%) 0.122
Female 53 (14.2) 68 (18.2)
Male 134 (35.8) 119 (31.8)
Race, n (%) 0.670
Asian 76 (21.0) 84 (23.2)
Black or African 7(1.9) 10 (2.8)
American
White 94 (26.0) 91 (25.1)
Age, n (%) 0.133
<60 81(21.7) 96 (25.7)
>60 106 (28.4) 90 (24.1)

Low High
Characteristics expression of expression of P!
EIF2S52 EIF2S2
Histologic grade®, n (%) <0.001*
G1 36 (9.8) 19 (5.1)
G2 101 (27.4) 77 (20.9)
G3 45 (12.2) 79 (21.4)
G4 3(0.8) 9(2.4)
AFP (ng/mL), n (%) <0.001*
<400 129 (46.1) 86 (30.7)
>400 18 (6.4) 47 (16.8)
Albumin (g/dL), n (%) 0.421
<35 40 (13.3) 29 (9.7)
>3.5 119 (39.7) 112 (37.3)
Child-Pugh grade, n (%) 0.906
A 115 (47.7) 104 (43.2)
B 10 (4.1) 11 (4.6)
C 1(0.4) 0 (0)
Vascular invasion, n (%) 0.008*
No 119 (37.4) 89 (28.0)
Yes 45 (14.2) 65 (20.4)
Fibrosis Ishak score, n (%) 0.635
0 45 (20.9) 30 (14.0)
1/2 17 (7.9) 14 (6.5)
3/4 13 (6.0) 15 (7.0)
5/6 43 (20) 38 (17.7)
Residual tumor, n (%) 0.025*
RO 171 (49.6) 156 (45.2)
R1 4(1.2) 13 (3.8)
R2 1(0.3) 0 (0)
Age, median [IQR] 62 [53-69] 60 [51-68] 0.224

Table 1 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.

1, significance of EIF2S2 overexpression correlated with
clinicopathological characteristics was calculated using chi-
square test. *, P<0.05 is considered statistically significant.
, Edmonson-Steiner histological grade. EIF2S2, eukaryotic
translation initiation factor 2 subunit beta; AFP, a-fetoprotein.
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Figure 3 The correlation between genetic mutations in EIF2S52 and HCC prognosis using cBioPortal. (A) Changes in EIF2S2 in 39 (11%)
LIHC patients [366]. There is no correlation between genetic mutations and various survival periods including the overall survival (P=0.150)
(B), disease-free survival (P=0.463) (C), progression-free survival (P=0.855) (D), and disease-specific survival (P=0.338) (E) in HCC patients.

EIF2S2, eukaryotic translation initiation factor 2 subunit beta; HCC, hepatocellular carcinoma; LIHC, liver hepatocellular carcinoma.

EIF2S2, as shown in Figure S1. These results indicate that
EIF2S2 has a widespread effect on gene transcription.

In the LinkInterpreter module, the top GO-term analysis
by GSEA revealed that genes enriched in association with
EIF2S2 were located mainly in the ribosome, mitochondrial
protein complex, and cytosolic part (Figure 74, Table S2),
where they were primarily involved in the structural
constituent of ribosome, unfolded protein binding, and
rRNA binding (Figure 7B, Table S3) and participated
in ribonucleoprotein complex biogenesis, translational
initiation, and the rRNA metabolic process (Figure 7C,
Table S4). The KEGG pathway was enriched in the
ribosome, oxidative phosphorylation, spliceosome, and
proteasome pathways (Figure 7D, 7E, and Table S5).

© Journal of Gastrointestinal Oncology. All rights reserved.

The EIF2S2 kinase, miRNA, and transcription factor
target networks in HCC

The target networks of EIF2S2 were thoroughly explored
using the GSEA tool in LinkedOmics. The top five kinase
targets (P<0.05) were mitogen-activated protein kinase 1
(MAPKTI), mitogen-activated protein kinase kinase kinase 6
(MAP3KG6), dual specificity tyrosine phosphorylation
regulated kinase 1A (DYRKIA), casein kinase 2 alpha 1
(CSNK2A1), and Pim-1 proto-oncogene, serine/threonine
kinase (PIM1) (Table 3 and Table S6). The top five
miRNA targets were related to (ATACTGT) MIR-144;
(TAGGTCA) MIR-192, MIR-215; (TGTTTAC) MIR-
30A-5P, MIR-30C, MIR-30D, MIR-30B, MIR-30E-5P;
(TACTTGA) MIR-26A, MIR-26B; and (GCTTGAA)
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Figure 4 Prognostic value of EIF2S2 mRNA expression in liver cancer patients based on the Kaplan-Meier plotter. A high EIF2S2 mRNA
level is associated with overall survival [HR =1.8 (1.27-2.55), logrank P=0.00076] (A), disease-free survival [HR =1.37 (1.02-1.84), logrank
P=0.034] (B), relapse-free survival [HR =1.45 (1.04-2.01), logrank P=0.026] (C), and disease-specific survival [HHR =2.09 (1.25-3.51), logrank
P=0.0042] (D) in liver cancer patients. EIF2S2, eukaryotic translation initiation factor 2 subunit beta; HR, hazard ratio.

MIR-498 (Tuble 3 and Table S7). The top five transcription
factor targets were associated with GGAANCGGAANY_
UNKNOWN, VSFREAC2_01, YNGTTNNNATT_
UNKNOWN, VSFREAC4_01, and VSFOXO4_02 (Tible 3
and Table S8).

The protein-protein interaction network generated
with GeneMANIA demonstrated relationships among
genes relating to the kinases MAPKI, miRNA-144, and

© Journal of Gastrointestinal Oncology. All rights reserved.

GGAANCGGAANY_UNKNOWN. The genes enriched
for kinase MAPKI participated in RNA polymerase II-
specific DNA-binding transcription factor binding, positive
regulation of transcription by RNA polymerase 11, and
DNA-templated transcription, initiation (Figure §). The
enriched genes for miRNA-144 were mainly involved in
ligand-activated transcription factor activity, regulation of
cytoplasmic translation, RNA polymerase II-specific DNA-
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Table 2 Univariate and multivariate analyses of overall survival in patients with HCC
Univariate analysis Multivariate analysis

Characteristics Total (N)

Hazard ratio (95% ClI) P value Hazard ratio (95% ClI) P value
T stage (T2 & T3 & T4 vs. T1) 370 2.126 (1.481-3.052) <0.001* 1.257 (0.763-2.071) 0.369
Pathologic stage (stage Il & stage IV vs. 349 2.504 (1.727-3.631) <0.001* 1.787 (1.094-2.919) 0.020*
stage | & stage ll)
Tumor status (with tumor vs. tumor free) 354 2.317 (1.590-3.376) <0.001* 1.743 (1.162-2.615) 0.007*
Residual tumor (R1 & R2 vs. R0) 344 1.604 (0.812-3.169) 0.174
Histologic grade (G4 & G2 & G3 vs. G1) 368 1.188 (0.721-1.958) 0.499
AFP (ng/mL) (>400 vs. <400) 279 1.075 (0.658-1.759) 0.772
Vascular invasion (yes vs. no) 317 1.344 (0.887-2.035) 0.163
EIF2S2 (high vs. low) 373 2.031 (1.423-2.897) <0.001* 1.962 (1.320-2.915) <0.001*

*, indicates statistically significant, P<0.05. EIF2S2, eukaryotic translation initiation factor 2 subunit beta; HCC, hepatocellular carcinoma;

AFP, a-fetoprotein.

binding transcription factor binding, and DNA-templated
transcription, initiation (Figure S2). The enriched genes
for transcription factor play a part in ribosome, translation
factor activity, RNA binding, ribosomal subunit, translation
regulator activity, nucleic acid binding, translational
termination, and protein modification by small protein
removal (Figure S3).

Discussion

The present study primarily focused on exploring the
prognostic role and interaction networks of EIF252 in
HCC using bioinformatics data. High EIF2S2 mRNA levels
were expressed in HCC and were positively correlated with
clinically malignant features. Furthermore, we proved that
EIF2S2 was an independent prognostic marker for HCC
and played a critical role in HCC gene-regulating networks.

Over the last decade, RNA binding proteins (RBPs)
have attracted growing attention in multiple diseases (31),
particularly in tumors such as triple-negative breast
cancer (32), clear cell renal cell carcinoma (33), and pancreatic
cancer (34). RBPs also play a role in HCC (35-38). As
a result, an increasing number of genes related to the
RBP family have now been identified in various types
of cancers, including RBP-Nudr21 (39), SRSF10 (40),
IGF2BP3 (41), CELF2 (42), MEX3A (43), RBM47 (44),
and SERBPI (45). As a novel member of the RBP family,
EIF2S?2 has recently been linked to tumor prognosis. In

© Journal of Gastrointestinal Oncology. All rights reserved.

the current study, EIF2S2 mRNA levels in HCC tissues
were overexpressed and were significantly correlated with
clinicopathological features. The upregulation of EIF2S2
mRNA in HCC was in agreement with previous studies of
other tumors (18). Importantly, our results suggested that
high EIF2S2 expression in HCC patients was associated
with a significantly shorter survival period than low EIF2S2
expression. But the underlying mechanism involved in the
overexpression of EIF252 mRNA needs further exploration.

Next generation sequencing has identified EIF2S2 as
one of the 18 known “variant” genes in primary ovarian
insufficiency (POI), which implies that an EIF2S2 genetic
abnormality increases the risk of POI (16). In this study,
the mutation rate of EIF2S2 remained quite low in HCC.
The finding that there was no correlation between EIF2S2
genetic mutation and HCC survival periods indirectly
suggests that EIF2S2 might be a crucial prognostic factor
for HCC survival.

RBPs play multiple biological roles through diverse
mechanisms (31,35,46), and this is consistent with our
GSEA-based findings. In the following paragraphs, we
discuss EIF2S2-related genes and possible signal pathways.
Using LinkedOmics, we screened the top three genes
(PFDN4, HM13, and SNRPD]) that were strongly positively
correlated with EIF2S2 and which are known to play
important roles in various tumors (47-58). Overexpressed
PFDN4 in colorectal cancer predicts a better prognosis (47),
but the opposite was found in HCC, probably due to tissue
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Figure 5 GO and KEGG pathway analyses of 50 EIF2S2-related genes and their networks in HCC. (A) Bar graph of enriched terms of the
top 19 clusters. (B) Network of enriched terms. (C) Protein-protein interaction network. GO, Gene Ontology; KEGG, Kyoto Encyclopedia

of Genes and Genomes; EIF2S2, eukaryotic translation initiation factor 2 subunit beta; HCC, hepatocellular carcinoma.

specificity. HM13 expression has been revealed to be closely
related to prognosis and survival in glioblastoma (52). And
SNRPD1, a member of the SNRP nuclear protein family,
was shown to be significantly overexpressed in invasive
neuroblastoma, providing a promising biomarker for clinical
prognosis (58). In HCC, EIF2S2 may affect the prognosis
of HCC patients via PFDN4, HM13, or SNRPD].
Subsequently, we established a protein-protein
interaction network of 50 similar gene-related GO and
KEGG terms in HCC, which were mainly concentrated
in ribosome, oxidative phosphorylation, spliceosome, and
proteasome. EIF2S2 may play a role in the occurrence

© Journal of Gastrointestinal Oncology. All rights reserved.

and progression of tumors through the KEGG pathways
related to ribosome (59-62), oxidative phosphorylation
(63-65), spliceosome (66-68), and proteasome (69,70). In
addition, the data from the GO terms demonstrated that
EIF2S2 participated in protein localization, synthesis, and
mRNA maturation, as well as in the development of various
tumors. In consideration of strong positive correlation
between PFDN4, HM13, SNRPD1 and EIF2S2, the mRNA
maturation, protein synthesis and localization of the above
three genes may be the underlying mechanism that EIF2S2
promotes the HCC progression. We have shown that
EIF2S2 in HCC is related to a network of kinases, of which
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Figure 6 Different gene expressions correlated with EIF2S2 in HCC using LinkedOmics. (A) The volcano plot shows the genes that are
significantly positively (dark red dot) and negatively (dark green dot) correlated with EIF2S2. (B,C) The heat map shows the top 50 genes
positively (B) and negatively (C) correlated with EIF2S2. EIF2S2, eukaryotic translation initiation factor 2 subunit beta; HCC, hepatocellular

carcinoma.

the top five most highly correlated are MAPKI1, MAP3KG6,
DYRKIA, CSNK2A1, and PIM]I. Here, we only discuss the
relationship between kinase MAPKI and EIF2S2. It is well
established that the MAPKI signaling pathway participates
in the occurrence and development of many tumors,
including HCC. Kinase MAPKI (71-74) plays multiple
roles in HCC. For example, /ncRNA H19 was shown to be
involved in HCC aggressiveness through the miR-193b/
MAPKI axis, bridged the crosstalk between HCC and the

immunological microenvironment, and resulted in poor
clinical outcome (74). The activation of MAPK/ERK may
play a vital catalytic role in the multistep development
of HCC (71). Therefore, we assume that EIF2S2 might
regulate the progression of HCC via the MAPKI kinase.
Similarly, our data also distinguished the top five target
miRNAs associated with EIF2S2. It is well known that
miRNAs play an important role in tumor development. The
target miRNA ranking first in the correlation with EIF2S2
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Figure 7 The significantly enriched GO terms and KEGG pathways of EIF2S2 in HCC identified by GSEA. (A) Cellular components.
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Table 3 The kinase, miRNA and transcription factor-target networks of EIF252 in HCC (LinkedOmics)

Enriched category Geneset LeadingEdgeNum P value FDR

Kinase target Kinase_MAPK1 54 0 0.31931
Kinase_MAP3K6 1 0.0042918 0.30758
Kinase_DYRK1A 7 0.0043668 0.35358
Kinase_CSNK2A1 84 0.0068493 0.63526
Kinase_PIM1 8 0.011765 0.29544

miRNA target ATACTGT, MIR-144 59 0 0
TAGGTCA, MIR-192, MIR-215 17 0 0
TGTTTAC, MIR-30A-5P, MIR-30C, MIR-30D, MIR-30B, MIR-30E-5P 184 0 0
TACTTGA, MIR-26A, MIR-26B 82 0 0
GCTTGAA, MIR-498 33 0 0

Transcription factor target  GGAANCGGAANY_UNKNOWN 38 0 0
V$FREAC2_01 60 0 0
YNGTTNNNATT_UNKNOWN 79 0 0
V$FREAC4_01 42 0 0.000724
V$FOX04_02 75 0 0.000905

V$, the annotation found in Molecular Signatures; Database (MSigDB) for transcription factors (TF). EIF2S2, eukaryotic translation initiation
factor 2 subunit beta; HCC, hepatocellular carcinoma; LeadingEdgeNum, the number of leading edge genes; FDR, false discovery rate
from Benjamini and Hochberg from gene set enrichment analysis (GSEA).

was Mir-144. But Mir-144 inhibited the development of
HCC (75-80), displaying an opposite function compared
with EIF252. We will need to further verify whether
EIF2S2 works through Mir-144. The first-ranked predicted
transcription factor target (GGAANCGGAANY_
UNKNOWN) has not been reported previously. Both the
predicted miRNA and transcription factor targets need to
be further investigated. And Zhang reports that EIF2S2
accelerates cell proliferation, migration, and invasion of
colorectal cancer via the EIF2S2-LINCO01600-MYC axis (18).
We need to further explore the same or similar molecular
mechanisms in HCC.

In our current study, data mining based on R and online
tools was used to analyze tumor data from public databases.
This strategy affords high efficiency, a large sample size,
low cost, great credibility, and makes the direction of
follow-up scientific research clearer. However, TCGA
database also has some limitations. The biological functions
are performed only in the transcription levels, not in the
protein and protein activity levels. The genetic background
and etiology of tumors in the three ethnic groups of TCGA

© Journal of Gastrointestinal Oncology. All rights reserved.

LIHC samples are different and the number of patients
with stage 4 tumors in the LIHC sample size is small, which
may be attributed to the low surgical rate in patients with
advanced stage and the relatively high difficulty in obtaining
specimens.

In summary, our study has provided multidimensional
evidence for prognostic values and gene regulation networks
of EIF2S2 in HCC. All the findings from the bioinformatics
analyses indicated that EIF2S2 may be a powerful
prognostic factor in HCC. EIF2S2 can be developed as a
prognostic biomarker for HCC and the development of
EIF2S2-specific inhibitors is a good opinion to prevent
HCC. However, the interactions of EIF2S2-related genes
and biological interaction networks need verification by
future studies.

Conclusions

In brief, by using a prognostic value and gene interaction
network analysis, our integrative study reveals that EIF2S52
is closely related to HCC prognosis. Therefore, EIF2S2

7 Gastrointest Oncol 2021;12(6):3061-3078 | https://dx.doi.org/10.21037/jgo-21-748



3074 Ji et al. High expression of EIF2S2 predicts poor prognosis of HCC

CDKN1B % w

NFKB1

R
CREBBP SP3° DAPK1

ATF2 ELK1
NCOA2
° SMAD1 @@
@ MBP

e

Networks Functions
‘j‘ Physical Interactions . RNA polymerase I-specific DNA-binding transcription factor binding
Co-expression . Positive regulation of transcription by RNA polymerase ||
Predicted . DNA-templated transcription, initiation
Pathway . Peptidyl-serine modification
- Co-localization . Response to cadmium ion
[ Genetic Interactions . Ligand-activated transcription factor activity

Shared protein domains

Figure 8 The protein-protein interaction network of MAPKI1 kinase target networks using GeneMANIA. The network and function
analyses showing the gene set enrichment using GeneMANIA. The different edge colors represent the different bioinformatics analysis
methods: co-expression, website prediction, pathway, physical interactions, and co-localization. The different node colors indicate the
different biological functions of the different gene sets.

© Journal of Gastrointestinal Oncology. All rights reserved. 7 Gastrointest Oncol 2021;12(6):3061-3078 | https://dx.doi.org/10.21037/jgo-21-748



Journal of Gastrointestinal Oncology, Vol 12, No 6 December 2021

can be considered as a promising prognostic biomarker or
therapeutic target for HCC.
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