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Introduction: Hepatocellular carcinoma (HCC) is a common clinical malignancy. Recent
studies reported that E2F transcription factor 2 (E2F2) plays a significant role in tumor progres-
sion. However, its expression and biological function in HCC are still unclear. Therefore, we
explored the relationship between E2F2 expression and tumor progression in HCC.

Methods: In this study, we utilized some online tools to explore the E2F2 expression in pan-
carcinoma and HCC. The association of E2F2 expression with the clinical characteristics and
prognosis of HCC was further studied. In addition, we explored the co-expressed genes of
E2F2 and mined the positively/negatively corrected significant genes and excavated the
possible functions. Meanwhile, the hub gene set was constructed based on protein—protein
interaction (PPI) network, and the relationship between E2F2 and immunity was discovered.
Results: We observed that the expression level of E2F2 was generally upregulated in HCC.
However, E2F2 expression was not significantly different between HCC and normal tissues
in regard to the disease stage 4. Furthermore, we also observed the poor prognosis in patients
with high E2F2 expression. The co-expressed genes of E2F2 were identified and further
detected. Thereafter, we identified the positively/negatively corrected significant genes and
constructed the hub gene network of E2F2 based on PPI network. We also found that E2F2
expression was positively correlated with the infiltration levels of CD4+ T, CD8+ T cells,
macrophages, neutrophils, and dendritic cells.

Conclusion: Our findings suggested that E2F2 could be a potential prognostic factor for
HCC, which could provide a therapeutic target for the molecular treatment of HCC.
Keywords: E2F2, hepatocellular carcinoma, prognosis, hub genes, diagnosis

Introduction
Hepatocellular carcinoma (HCC) is one of the six most common tumors in the world,
which ranks third in mortality among all malignancies.' Despite advances in preven-
tion, screening, diagnosis, and treatment techniques, its morbidity and mortality are
still increasing.” Surgical resection, liver transplantation, and chemotherapy are still
the main therapeutic HCC approaches.® Molecular-targeted drugs have demonstrated
to extend survival for advanced HCC, which cannot be surgically resected.*
However, existing treatment strategies are still not efficient in controlling the pro-
gression of HCC and preventing its recurrence. Therefore, the study of gene expres-
sion related to HCC is expected to fundamentally understand the development of
liver cancer at the molecular level and carry out targeted prevention and treatment.
The pathogenesis of HCC remains unclear along with the lack of targeted
therapies. Numerous studies aimed to explore its pathogenesis from the point of

view of molecular biology in order to discover new therapeutic targets. Previous
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studies have illustrated that miR22HG, as a tumor sup-
pressor gene, significantly inhibits the proliferation, inva-
sion, and in vivo and in vitro metastasis of HCC cells.’
External miR-451a has demonstrated to play an anticancer
role in HCC by targeting LPIN1.® Xiang also found that
oncofetal HLF transactivates c-Jun to promote HCC
development.” More and more studies are being conducted
on genes involved in HCC; however, these studies are not
enough.

E2F transcription factors play an important role in the
cell cycle and influence the apoptosis of cells through the
cyclin-dependent kinase (CDK)-RB-E2F axis, which plays
a vital role in the occurrence of tumors.® E2F transcription
factor 2 (E2F2) is a member of the E2F family, and its
abnormal expression has been shown to play an important
role in the pathogenesis of various tumors. In non-small
cell lung cancer (NSCLC),’ E2F2 may play a key role in
the pathological mechanism of NSCLC progression
through Circ_0109320/miR-595/E2F2 axis. In colon can-
cer tissues,'® the expression level of E2F2 was signifi-
than that
Functional enrichment analysis also found a potential cor-

cantly higher in normal colon tissues.
relation between E2F2 and prostate cancer.'' However, the
expression, prognosis, and biological function of E2F2 in
HCC are still uncertain.

In this study, we maximized online tools to explore the
relationship between the high expression of E2F2 in HCC
and the prognosis of patients. We also analyzed the co-
expression of E2F2 and investigated the related genes
positively and negatively correlated with E2F2. We devel-
oped the hub gene set based on protein—protein interaction
(PPI) network. Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) were used
to excavate the possible functions of E2F2. The relation-
ship between E2F2 and tumor immunity was also evalu-
ated, providing new ideas on HCC treatment.

Materials and Methods
Expression and Clinical Analysis of E2F2
in HCC

Ualcan database (http://ualcan.path.uab.edu/analysis.html)

is an effective online analysis and mining site for cancer
data based on The Cancer Genome Atlas (TCGA, https://
tcga-data.nci.nih.gov/tcga/).'> We made use of Ualcan to
analyze the expression of E2F2 in 371 HCC tissues and 50
adjacent tissues obtained from the TCGA database as
further

described previously.'* 5 We explored the

relationship between E2F2 expression and clinical charac-
teristics. In the Ualcan database, tumor samples were
categorized into different groups based on the clinical
patient data. Disease stages were classified according to
The American Joint Committee on Cancer (AJCC) cancer

staging manual,'®

and tumor grades were divided into four
groups according to the existing grading information.'?
The survival analysis for E2F2 gene was also carried
out: select “survival” to enter the interface of result ana-
lysis and calculate and draw the survival curves according

to different E2F2 expression groups.

Gene Differential Expression Related to

E2F2

The LinkedOmics database (http://linkedomics.org/) con-
tains data on 32 cancer types from TCGA and is a tool for
TCGA database.'” It was used to obtain the significant
genes positively and negatively correlated with E2F2

expression. The top 20 the positively/negatively corrected
significant genes were selected to present the data in the
form of clustering heat maps.

GO and KEGG Analysis
DAVID (https://david.ncifcrf.gov/) is a biological informa-
tion database, which integrates the biological data and ana-

lysis tools to provide comprehensive biological function
annotation information.'® We used the DAVID website for
GO and KEGG analysis to describe the molecular functions
(MF), biological processes (BP), and cell components (CC)
in biology. Consequently, metabolic pathways were anno-
tated to explore possible metabolic signaling pathways.

PPl Network Construction and Screening

of Hub Gene Sets

The cytohHubba and MCODE plug-ins were downloaded.
The input method was “Multiple proteins” in the STRING
database (https://string-db.org/). The PPI network was
obtained after a list of different genes was input. The

most significant module was found with MCODE and

displayed in Cytoscape. CytohHubba plug-in was
employed to sequence genes according to degree value.
Thereafter, we screened top eight hub genes and con-

structed a hub gene set.

Co-Expression of E2F2
The data sources and analysis options of cBioPortal data-
base (https://www.cbioportal.org/) were from multiple
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sites, including large tumor research projects such as
TCGA." It assembled data from 126 cancer genome stu-
dies, including data from 28,000 specimens. We used the
cBioPortal database to explore the co-expression informa-
tion of E2F2 gene in HCC. The significant correlation
value was screened, and the gene co-expression network
was constructed.

Relationship Between E2F2 and Immune

Infiltration
Tumor Immune Estimation database (TIMER, https://cis
trome.shinyapps.io/timer/) is a website tool set up by

a Harvard University professor, which uses an RNA-Seq
expression spectrum data in the identification of tumor

tissue infiltration of immune cells.?’

We explored the
relationship between E2F2 and immunity using TIMER.
The infiltration correlation between E2F2 and six immune
cells (B cells, CD4+ T cells, CD8+ T cells, neutrophils,
macrophages, and dendritic cells) and tumor purity were

examined.

Statistical Analysis
We utilized online tools to analyze the expression and
prognosis of E2F2 in HCC. t-test was used in Ualcan to
compare the mRNA expression levels of tumors and adja-
cent tissues. Survival curves were plotted using Log rank
test to analyze the prognosis of patients. Pearson correla-
tion was used to determine the correlation between gene
co-expression in the cBioPortal database and immune
infiltration in the TIMER database. DAVID carried out
gene annotation and functional

enrichment online.

P value < 0.05 was considered statistically significant.

Results
E2F2 Expression Was Elevated in HCC

and Was Associated with Prognosis

We first analyzed the expression of E2F2 between tumor and
normal samples in TCGA pan-cancer based on Ualcan, and
discovered that it was highly expressed in several tumors
(Figure 1A), especially in HCC (Figure 1B). Subsequently,
the expression levels of E2F2 were also found to be generally
elevated in HCC tissues grouped by disease stage and tumor
grade compared with normal tissues. E2F2 expression levels
at stage 3 were the highest, and significantly higher than
those in tumor tissues and normal tissues at low stage.
Similarly, higher levels of E2F2 were found in advanced
HCC and higher levels in grade 3 than in grade 2 and grade

1. However, the expression of E2F2 was not significantly
different between stage 4 and normal tissues (Figure 1C and
D). These findings were indicative of the relationship
between E2F2 and the occurrence and development of
HCC, which may serve as a potential indicator for HCC
diagnosis. Subsequently, overall survival (OS) curve, pro-
gression-free survival (PFS) curve, disease free survival
(DFS) curve and disease-specific survival (DSS) curve
were used to describe the relationship between E2F2 and
HCC prognosis (Figure 1E-H). It was found that the survival
rate of HCC patients with high E2F2 expression was signifi-
cantly lower than that of patients with low E2F2 expression
(Log rank test, P < 0.05), which suggests that E2F2 may be
highly expressed in HCC tissues as a risk factor.

The Positively/Negatively Corrected

Significant Genes of E2F2

We applied LinkedOmics to analyze E2F2-related genes, and
the top 20 positively/negatively corrected significant genes
were presented in the form of heat maps (Figure 2A and B).
As shown in heat maps, the column represents a sample and
the row represents a gene. Red indicates positive correlation
and blue indicates negative correlation. Combined with the
comparison of the relative abundance of E2F2 expression,
top 20 significant related genes which have positive and
negative correlation with E2F2 were shown.

GO and KEGG Analysis of E2F2-Related

Genes

GO annotation was performed on E2F2-related genes by
DAVID. In the enriched annotation of CC, the genes were
mainly located in the cytoplasm. In terms of MF, the ATP
binding demonstrated the high enrichment significance. The
microtubule-based movement and chromosome segregation
were the primary biological pathways in the BP (Figure 2C—
E). KEGG pathway analysis revealed that the most significant
enrichment was in the cell cycle (Figure 2F), which suggests
the significant role played by E2F2 in HCC metabolism.

PPl Network and Hub Gene

We investigated the protein interaction relationship in the
STRING database and constructed the PPI network dia-
gram. The top 100 protein interaction networks are pre-
sented in Figure 3A. According to degree value, top 8 hub
genes were screened (Figure 3B), including CCNBI,
CDCAS, CCNB2, KIF20A, TOP2A, BUB1, BUBIB, and
CDK1 (Figure 3C). Moreover, a hub gene set was
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Figure | The expression of E2F2 in HCC. (A) The expression of E2F2 between tumor and normal samples in TCGA pan-cancer. (B) The expression of E2F2 in HCC
tissues and adjacent tissues. (C) The difference of E2F2 expression in normal tissues and stages |, 2, 3, and 4 HCC patients. (D) The difference of E2F2 expression in normal
tissues and grades 1, 2, 3, and 4 HCC patients. (E-H) The OS, RFS, PPS and DSS rate of HCC patients with high E2F2 expression was significantly lower than that of patients

with low E2F2 expression.

developed, which plays a crucial role in the biological
process. Among these hub genes, CDCAS8 (r = 0.81, P <
0.001) is probably the most significant target, while
CCNBI (r = 0.66, P < 0.001) had the lowest correlation.

The Co-Expression of E2F2

The analysis of gene co-expression suggested that E2F2
was co-expressed with RADS54L, KIF2C, CDCAS,
CDC45, RADS51, CDC20, KIF4A, ASFIB, and
PKMYT1 (Figure 4A-I). Among the genes, RADS54L
had the most significant relationship with E2F2. On the
contrary, CDC20 had the lowest correlation.

Relationship Between E2F2 and Immune

Infiltration
In TIMER, we evaluated the relationship between E2F2
infiltration. Results showed that E2F2

and immune

expression was positively correlated with the six kinds of
immunocytes, including B cells, CD4+ T cells, CD8+
T cells, macrophages, neutrophils, and dendritic cells
(Figure SA—G). The greatest correlation was with dendritic
cells (r = 0.489, P = 7.74E-22, Figure 5G). B cells (r =
0.463, P = 1.15E-19, Figure 5B) ranked second in the
correlation, and CD4+ T cells (r = 0.333, P = 2.49E-10,
Figure 5D) ranked last.

Discussion

HCC is a typical inflammation-driven tumor, which often
develops from chronic hepatitis or liver cirrhosis.?'
Regardless of factors that lead to HCC, the abnormal
expression of genes and loss of control over the cell
cycle will eventually induce HCC.?? In recent years, with
the rapid development of high-throughput sequencing,
immunotherapy and molecular targeted therapy are
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Figure 2 The gene differential expression related to E2F2. (A) The top 20 significant genes that negatively correlated with E2F2 presented in the form of heat maps. (B) The
top 20 significant genes that positively correlated with E2F2. (C) GO annotation of biological process performed on E2F2-related genes by DAVID. (D) Cellular component,

(E) molecular function, (F) KEGG pathway analysis.

expected to become the developmental direction of the
treatment.”

E2F2 is a member of the E2F family that can promote or
inhibit the development of tumors. Upon investigating the

expression of E2F2 in HCC, we discovered that the expres-
sion of E2F2 generally increased, except in HCC tissues
with stage 4. E2F2 has also been reported to be overex-
pressed in many other human tumor cells. In high-grade
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Figure 3 PPl network construction and screening of hub gene sets. (A) The protein interaction relationship was examined, and the top 100 protein interaction network was
presented in the PPl network. (B) The hub gene network of E2F2 was constructed based on PPl. (C) The correlation between eight hub genes and E2F2.

glioma (HGG),** E2F2 is highly correlated with invasive
proliferative oncogenes and potential therapeutic resistance
oncogenes. In bladder cancer,”> E2F2 may act as a target
gene of miRNA-93 and regulate the process of apoptosis by
forming DNA-binding complexes. Herein, the study sug-
gested that the overexpression of E2F2 in HCC may be
related to the occurrence and development of early HCC.
Eight members of the E2F transcription factor family
(E2F1-8) have been identified that may be associated with
a variety of cancers.”® For instance, in breast cancer,
elevated E2F1, E2F3, E2F5, E2F7, and E2F8 expression
levels were found to indicate poor prognosis, with
decreased OS, RFS, DMF, and PPS. In addition, the high
expression of E2F4 increased RFS and decreased
DMFS.?” To identify the relationship between the expres-
sion of E2F2 and prognosis in HCC, we illustrated the
survival curves and found that patients with high

expression have poorer prognosis than those with low
expression, suggesting that high expression of E2F2 can
be used for the diagnosis and prognosis of HCC.

We also constructed PPI network and screened the hub
genes of HCC to further evaluate the molecular mechanism.
Among the hub genes, CDCAS (r=0.81, P <0.001) was most
significantly correlated with E2F2. It has been proven to play
a vital role in a variety of tumors and is associated with
apoptosis. CDCAS8 can be used as a chromosomal passenger
protein to regulate cell cycle, which is related to poor prognosis
of gastric cancer.”® Meanwhile, CDCAS has been found to be
related to the occurrence and development of alcohol-related
HCC, with significant prognostic value.?’ In bladder cancer,*
down-regulation of CDCAS expression can inhibit the prolif-
eration of cancer cells and enhance cell apoptosis. These
studies suggested that CDCA8 may also play a synergistic
role, along with E2F2 in the development and progression of
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Figure 4 Co-expressed genes of E2F2. (A-l) E2F2 was co-expressed with RAD54L, KIF2C, CDCA8, CDC45, RAD5 1, CDC20, KIF4A, ASFIB, and PKMYTI.

HCC, which may be related to its role in promoting apoptosis.
Moreover, BUBIB (r. = 0.76, P < 0.001), with the second
highest correlation in our study, was believed to be associated
with the poor survival of HCC patients in other study.®' Hence,
research on hub genes is of great significance to the develop-
ment of HCC, which is also conducive to the search for new
targets for liver cancer.

With regard to the potential pathway of E2F2, the
results of our study indicated that the E2F2-related genes
participated in the cell circle to regulate the cell apoptosis
in HCC. As is reported, the function of E2F is regulated by
cyclin-dependent kinases (CDKs) and RB, promoting cell

cycle progression by participating in the (CDK)-RB-E2F
axis.> The overexpression of E2F activator induces rest-
ing cells to enter G1 phase. A large number of studies have
demonstrated that among the ten proteins encoded by eight
different genes, E2F1, E2F2, and E2F3a are transcription
activators.’® G1/S transition is a key step in cell cycle
control. The activator expression is increased during the
G1-S phase transition.>* Changes in the activity of E2F
transcription factor can regulate G1/S transformation and
thereby regulate cell proliferation,® indicating that E2F2
may promote the occurrence of HCC by regulating cell

circle.
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Figure 5 The relationship between E2F2 and immune infiltration. (A) E2F2 expression has no correlation with tumor purity (r = 0.085, P = |.13E-0l). (B-G) E2F2
expression was positively correlated with the six kinds of immunocytes, including B cells, CD4+ T cells, CD8+ T cells, macrophages, neutrophils, and dendritic cells. Pearson
correlation was used to determine the correlation between E2F2 and immune infiltration.

TIMER was used to explore the relationship between E2F2
and HCC immunity, and a positive correlation was found
between E2F2 and CD4+ T, CD&+ T cells, B cells, macro-
phages, neutrophils, dendritic cells, and other infiltration
levels. Since HCC induces tumor immune tolerance through
various mechanisms and avoids immune killing, immunother-
apy has gradually become a new developmental direction in
future liver cancer treatment.>® Gao et al found that a high
concentration of Tregs in HCC combined with low concentra-
tion of CD8+T cells could be an independent factor affecting
the survival and recurrence of HCC patients.*” Dendritic cells
have been shown to influence the prognosis of tumors in
addition to their maturation and activation states, as well as
their subpopulation composition.*®* Moreover, macrophages
also play a role in the immune microenvironment of HCC.*
Exploration of E2F2 and immune infiltration yields an idea for
HCC immunotherapy.

Conclusions

Our study explored the expression and prognosis of E2F2 in
HCC, investigated the potential function pathways and discov-
ered the immunomodulatory role of E2F2. Based on current
studies, we believe that E2F2 may serve as a biomarker for

HCC prognosis and is also expected to become a diagnostic
and therapeutic target. In the following study, we will continue
to explore the relationship between hub genes and E2F2 and
reveal the regulatory relationship of E2F2. We hope to discover
more molecular mechanisms and signaling pathways involved
in the regulation of E2F2 on HCC.
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