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E2F transcription factors (E2Fs) were found to be related with
cell activities and disease progression among a variety of
different tumors, including regulating cell division and cell pro-
liferation. In the analysis, it aimed to focus on transcriptional
and survival information of E2Fs in gastric cancer (GC) from
Gene Expression Profiling Interactive Analysis (GEPIA), Ka-
plan-Meier plotter, cBioPortal, Database for Annotation, Visu-
alization and Integrated Discovery (DAVID), Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway, and Oncomine
databases. It was found that the expression of E2F1/2/3/5/7/8
in GC tissues was obviously higher than the normal. Of interest,
none of the E2Fs was related with pathological stages. Neverthe-
less, high expression of E2F2/3/5/7/8 was related with better sur-
vival data, except E2F6 regarding shorter first-progression (FP)
survival. High expression levels of E2F2/5/7/8 have significant
correlations with overall survival (OS) in patients with intestinal
and diffuse GC, and this prognostic value is not affected by
gender. Oppositely, the lower level of E2F1/4 illustrated superior
survival data. Moreover, increased expression of E2F1 in GC tis-
sues might play an important role in the development of GC.
Collectively, E2F1 could be a potential therapeutic target for pa-
tients withGC. E2F1/2/3/5/7/8might be original prognostic pre-
dictors of GC.

INTRODUCTION
Gastric cancer (GC) has been being a severe and social health problem
among Eastern-Asia regions, especially in developing and less-devel-
oped countries, where the cancer survival rates were poor relatively.1–3

According to a recent analysis, GCwas the fifthmost common incident
of cancer overall, and the third most common cause of cancer deaths
for men at the same time. Besides, GC incidence increased by 25% be-
tween 2007 and 2017 globally.4

E2F transcription factors (E2Fs) are a family of genes that are consid-
ered to play a significant role in cell cycle, necrosis, and regulating
DNA duplication in cells of mammal.5–7 Moreover, E2Fs regulates
not only transcription of cellular genes that are essential for cell division
but alsomanygenes in chromatin assembly and condensation, chromo-
some separation,DNArepairing, and checkpoint control.8–10 The tran-
scription factors are classified into two opposite groups: transcriptional
activators (E2F1/2/3a) and suppressors (E2F3b/4–8).8,11 E2F family
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components were found to be related with cell activities and disease
progression among a variety of different tumors, suchas bladder cancer,
lung cancer, breast cancer, prostate cancer, and ovarian cancer.12–15

E2F1–6 has highly conserved DNA binding and dimerization domains
and binds DNA target sequences to DNA polymerase-1(DP1) or DNA
polymerase-2(DP2) as heterodimers.Overexpression ofE2F7 andE2F8
can significantly delay proliferation of mouse embryonic fibroblasts,
due to unique structural characteristics of the two members.8

A study explained the upregulated expression of E2F1/3/4 was asso-
ciated with poor prognosis in GC, whereas high expression of E2F2/5/
6/7 indicted a good prognosis under the condition of human
epidermal growth factor receptor 2 (HER-2) negative conversely. In
addition, cancer treatment of E2F family members with a 5-fluoro-
uracil (5-FU)-based adjuvant showed a significantly poor prognosis.16

However, the study only analyzed E2F1–7, except E2F8, and the po-
tential targets of precision therapy have not been described yet. Mean-
while, finding new factors for the accurate prediction of prognosis and
therapeutic targets of GC is of great significance. In the analysis, we
studied the prognostic indicators and potential target values of
E2Fs (E2F1/2/3/4/5/6/7/8) in patients with GC.
RESULTS
Transcriptional Levels of E2Fs in GC

All of the E2F family members were studied in humanmultiple tumor
tissues. The expression levels of E2Fs in multiple human cancers were
compared with those in normal organ tissues from the Oncomine
database (www.oncomine.org) (Figure 1). In summary, E2Fs are
generally upregulated in a variety of tumors.
Correlations between Expression Levels of E2Fs and Clinical

Characteristics in GC

We made comparisons between E2F expression with normal gastric
tissues from the GEPIA2 (Gene Expression Profiling Interactive
Analysis) database (http://gepia.cancer-pku.cn/). Through analysis
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Figure 1. The Transcription Levels of E2Fs in

Different Types of Cancers
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of dot plots and boxplots, the transcriptional levels of E2F1/2/3/5/7/8
obviously increased compared with normal samples, whereas E2F4/6
implied no apparent difference in expression (Figures 2A and 2B). Of
interest, no significant difference existed between the expression of
E2Fs and pathological stages of stomach adenocarcinoma through
violin plots (Figure 2C).

Association of E2F Expression with Prognosis in GC

We analyzed the relationship with expression level of E2F members
and prognostic value in patients with GC by using Kaplan-Meier
Plotter (2019 version; http://kmplot.com/analysis/index.php?
p=service&cancer=gastric). The number of patients evaluated was
1,056, and the Jetset best probe set was chosen in the Kaplan-Meier
plotter database. Results concluded from the curve were that overex-
pression levels of E2F2/3/5/6/7/8 were related with long overall sur-
vival (OS) and post-progression survival (PPS) and that E2F family
elements showed a positive effect on first-progression (FP) survival
except E2F6. Conversely, the high levels of E2F1 and E2F4 indicated
poor OS, FP, and PPS in all GC patients (Figure 3). The relationships
among transcriptional levels of E2Fs, Her-2 status, tumor stages, and
OS were also analyzed in all GC patients (Figures 4 and 5). We found
that the expression levels of E2F1/3/6 showed no statistical differences
in OS among all patients with stage IV GC.

Additionally, E2F2/4/5/7 transcriptional levels appeared on statistical
significance for OS in patients with stage I GC, and there was no sta-
tistical difference of E2F2/4/6/7 expression linked with OS among pa-
tients with stage II GC.

E2F3/6/7/8 and the positive condition of Her-2 might influence OS
together through analyzing the survival curves downloaded from
the Kaplan-Meier plotter. Moreover, the prognostic value of E2Fs
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was not influenced by the negative condition
of Her-2 in all patients with GC.

We analyzed whether E2F expression exerted
distinct effects on OS in different genders. It
was found that except for E2F3 in females and
E2F6 in males, the expression levels of E2Fs
were significantly correlated with OS of pa-
tients, which revealed no relation to genders
(Figure 6).

Apart from genders, the associations between
pathological types by Lauren classification
and OS were also investigated (Figure 7).
High expression of E2F2/3/5/7/8 was corre-
lated with superior OS in both intestinal and
diffuse GC, whereas high expression of E2F1
and E2F4 was significantly correlated with adverse OS (p < 0.05).
There was no significant correlation between E2F expression and
OS in all mixed GC (p > 0.05).

The Coexpression and Interactions of E2Fs

The E2F alterations, correlations, and networks were studied among
patients with stomach adenocarcinoma from the cBioPortal dataset
(The Cancer Genome Atlas [TCGA], Firehose Legacy). E2F genes
were altered in 214 (52%) of queried 415 patients/samples. The
analysis showed that alterations of E2Fs were detected in 6 different
pathological types (tubular stomach adenocarcinoma, stomach
adenocarcinoma, mucinous stomach adenocarcinoma, signet ring
cell carcinoma of the stomach, diffuse-type stomach adenocarci-
noma, and papillary stomach adenocarcinoma). The highest ratio
of E2F factor changes among the 6 sample groups was over 60%
in the figure. Moreover, high mRNA expression of E2Fs accounts
for most of the length in the chart (Figures 8 and 9). In addition,
we calculated the Pearson’s correlation coefficient between E2Fs
and the network by selecting mRNA expression Z scores (RNA
Seq V2 RSEM) from the cBioPortal dataset (TCGA, Firehose Leg-
acy). The table delivered positive but nondistinctive relations among
E2F members (Figure 10). E2Fs and the 50 most-frequently altered
neighbor genes were in the network, which included cell-division
genes, such as CCNE1, CCNE2, CDC6, CDK2, CDK4, CDK6, etc.
(Figure 11).

The Functions and Signaling Pathways of E2Fs

The functional patterns of E2Fs and other genes related with E2F
changes were presented through making use of Database for Annota-
tion, Visualization and IntegratedDiscovery (DAVID).More specially,
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) were studied in DAVID. The functional value of E2Fs was
al Development Vol. 18 September 2020 825
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Figure 2. The Expression of E2Fs and Relations between E2Fs and Tumor Stages in GC

(A) Gene Expression Profile (dot plots ). (B) Expression on Box Plots. (C) Pathological Stage Plots (violin plots).
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Figure 3. The Prognostic Value of E2Fs in Gastric Cancer
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mainly classified into 3 types: biological processes (BPs), cellular
components (CCs), and molecular functions (MFs). GO functional
enrichment analysis suggested that GO: 0006351 (transcription,
DNA templated) and GO: 0006977 (DNA damage response, signal
transduction by p53 class mediator resulting in cell-cycle arrest)
were significantly regulated in BPs (Figure 12A). Meanwhile, GO:
0046983 (protein dimerization activity) and GO: 0003700 (transcrip-
tion factor activity, sequence-specific DNA binding) were also strongly
interlinked with E2Fs inMFs (Figure 12B). GO: 0005667 (transcription
factor complex) was the most closely related with E2F changes in CCs
(Figure 12C). As for KEGG analysis, 14 different aspects were associ-
ated with E2F expression and alterations, which impliedmultiple path-
ways between E2Fs and some other related genes (Figure 12D). Among
the pathways, hsa04110 (cell cycle), hsa05200 (pathways in cancer),
and hsa04350 (transforming growth factor beta [TGF-b] signaling
pathway) were linked with E2Fs in the process of gastric tumor evolu-
tion. TGF-b and E2Fs were related with transformation from normal
epithelial cells into GCs. E2Fs regulated cell proliferation and apoptosis
through the mitogen-activated protein kinase (MAPK) signaling
Molecular The
pathway, p53 signaling pathway, and phosphatidylinositol 3-kinase
(PI3K)-protein kinase B (AKT)-mammalian target of rapamycin
(mTOR) signaling pathway, which were involved in the development
and metastasis of tumors. E2F1/2/3/4/5 played a significant role in cell
cycle and took part in the GC occurrence and development by
analyzing the KEGG pathway database (https://www.kegg.jp/kegg/
pathway.html) (Figures 13, 14, and 15).

DISCUSSION
E2F family components were partially proven to be associated with a
variety of different tumors, such as bladder cancer, lung cancer, breast
cancer, prostate cancer, and ovarian cancer.12–15 As for GC, survival
data concerning E2F1/2/3/4/5/6/7 linked with GC was illustrated,16

whereas more details and correlations between E2Fs and GC were
not described in previous documents. Herein, our analysis is the first
to investigate the prognostic value of E2Fs with GC, along with the
influence of Her-2 conditions, genders, pathological classifications,
and tumor stages on survival. Moreover, the role of E2Fs as potential
therapeutic targets for future treatment strategies is also stated in this
rapy: Methods & Clinical Development Vol. 18 September 2020 827
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Figure 4. The Overall Survival Prognostic Value of E2Fs in Gastric Cancer under Different Conditions of Her-2 (A) Her-2 positive status. (B) Her-2 negative

status.
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paper. We aim to unfold deeper exposure to E2Fs to make contribu-
tions to the development of clinical medicine, optimizing treatment
therapy and prolonging lifetimes for the sick with GC.

High expression of E2F1 appeared in the early stage of GC, whereas
low expression appeared in the late stage.17 Another study has shown
that LSINCT5 was a direct transcriptional target of E2F1. LSINCT5
was significantly overexpressed in metastatic GC tissues and played
an important role in epithelial mesenchymal transformation, promot-
ing cell migration and invasion.18 E2F1-mediated activation of
LSINCT5, as a regulator of cell migration and invasion, constitutes
the mechanism between the E2F1-mediated pathway and long non-
coding RNA (lncRNA) regulating cell migration and invasion.19
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In addition, E2F1 partially promoted GC cell growth by inducing
terminal differentiation-induced non-coding RNA (TINCR) tran-
scription. TINCR could bind to STAU1 (staufen1) protein and
affected the stability and expression of CDKN2B mRNA, thereby
regulating the proliferation of GC cells and accelerating the pro-
gression of GC. Data showed that E2F1 could be involved in regu-
lating the stemness of tumor cells, which meant that reducing the
level of E2F1 protein equaled inhibiting the stemness of cancer
cells.20 That upregulation of E2F1 enhanced the S-phase arrest
of cell cycle might account for the possible mechanism of E2F1
in GC resistance in vivo and in vitro. High expression of
E2F1enhanced the development of multidrug resistance (MDR)
in GC.21
mber 2020



Figure 5. The Overall Survival Prognostic Value of E2Fs in Four

Different Tumor Stages of Gastric Cancer
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Figure 6. The Overall Survival Prognostic Value of E2Fs in Different Genders in Patients with Gastric Cancer
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High expression of E2F1 appeared in the early stage of GC, whereas
low expression appeared in the advanced stage. E2F1was found highly
expressed in patients of early clinical stage and was relevant to a short
survival time. In stages III–IV GC patients, there was no significant
difference in the prognosis between E2F1 positive andnegative expres-
sion.17 However, it was found in our study that the E2F1 expression
level was not statistically significant for OS in phase IV GC. In addi-
tion, the high level of microRNA (miR)-135a in GC was associated
with a shorter survival time. The mechanism of miR-135a acting on
GC appeared to be the inhibition of E2F1 expression and Sp1/
DAPK2 pathway signaling.22 In contrast, the high expression of
830 Molecular Therapy: Methods & Clinical Development Vol. 18 Septe
miR-34a could enhance the anti-tumor immune effect of dendritic
cells (DCs) in GC, and miR-34a targeted DAPK2 and Sp1 to partici-
pate in the inactivation of E2F1. The data revealed the mediating
mechanism of E2F1 controlling DC anti-tumor immunity through
miR-34a-dependent downregulation of E2F1 expression and sug-
gested its contribution to GC immunotherapy. In terms of immunity:
E2F1, a negative regulatory gene, could lead to immature DCs when it
is in an active state, thus stopping the production of antigen and sup-
pressing the immune response.23 Overexpression of E2F1 accelerated
the apoptosis of GC cells, significantly inhibited the growth and pro-
liferation of GC cells, and blocked the cell cycle from stepping into
mber 2020



Figure 7. The Overall Survival Prognostic Value of E2Fs in Different Pathologic Types by Lauren Classification in Gastric Cancer
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the S phase. Additionally, E2F1 also reduced the movement and inva-
sion ability of GC cells.24 On the other hand, CDK inhibitor
p16(INK4a) also regulated transcription and apoptosis by controlling
the expression of two major transcriptional regulators, AUF1 and
E2F1. Overexpression of E2F1 increased Bax expression and inhibited
bcl-2, cyclin D1, Skp2, and c-MYC expression in tumor tissues. E2F1
inhibited the growth of cancer cells by regulating various signaling
pathways, which might play an important role in targeting therapy
of GC.25 Another study showed that in all GC patients, the high
mRNA expression of three members of E2Fs (E2F1, E2F3, E2F4)
was significantly correlated with poor OS. However, increased expres-
sion of E2F2, E2F5, E2F6, and E2F7 was significantly associated with
favorable OS, especially in the advanced clinical stages of GC patients.
Except for E2F1/3/4, the rest of E2Fs were of significant value for prog-
nosis. High expression of E2F2/5/6/7 had better OS data in late-stage
GC, and these factors indicated good prognosis whenHer-2 was nega-
tive, whereas high expression of E2F2/5 indicated superior prognosis
when Her-2 was positive.16 In our analysis, expression level of E2F1 in
GC was significantly higher than the normal tissues in GEPIA. We
found the low expression of E2F1 indicated better OS, PPS, and FP
data by using the Kaplan-Meier plotter online tool.
Molecular The
E2F2 had high expression in GC tissues, and it could be targeted and
inhibited directly by miR-31, playing an important part in tumor sup-
pression.26 Moreover, miR-26a was stated to improve the sensitivity
of GC cells to cisplatin chemotherapy drugs by targeting E2F2 so
that the efficacy of chemotherapy was enhanced.27 In our research,
the expression level of E2F2 was higher than in normal samples
from the GEPIA dataset. High expression of E2F2 indicated a better
OS, PPS, and FP by using the Kaplan-Meier plotter. Of note, the pre-
dictive value of E2F2 was mainly reflected in an advanced stage of GC,
with no significance in stage I and stage II.

E2F3, a direct target gene of miR-449a, is an important transcription
factor involved in accelerating tumor cell proliferation andmetastasis.
Overexpression of E2F3 rivaled the inhibitory effect of miR-449a
mimics on proliferation and apoptosis of GC cells.28 As a tumor sup-
pressor, overexpression of miR-203a could prevent the proliferation
of GC cells. One possible mechanism speculated was that miR-203a
might play a role in anti-tumor effects in GC by targeting E2F3.29

The expression of E2F3 was affected by miR-577, an important regu-
latory factor, and the change of miR-577 expression led to excessive
proliferation of GC cells.30 In our study, the expression level of
rapy: Methods & Clinical Development Vol. 18 September 2020 831
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Figure 8. E2Fs Genomic Alteration Types in Gastric Cancer Detailed Types
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E2F3 was several-fold higher than that in normal samples by
analyzing the GEPIA dataset. Additionally, the high expression level
of E2F3 was significantly linked with a satisfied OS, FP, and PPS in all
of the patients with GC by analyzing the Kaplan-Meier plotter. There
was no statistical difference in OS of the E2F3 level among that of all
patients with stage IV of GC.

Notably, the serine (AGC)13 repeat mutation in E2F4 was found only
in squamous cell carcinoma but not in adenocarcinoma, which sug-
gested that E2F4 might be involved in the transformation from
adenocarcinoma into squamous cell carcinoma.31 Some scholars
Figure 9. E2Fs Expression Analysis in Gastric Cancer
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have pointed out that TGFbRII, IGFIIR, BAX, and E2F4 gene repeat
coding regions were the targets of microsatellite instability (MSI).
These four genes played a large part in the development of microsat-
ellite instable GC.32 Besides, E2F4 and hMSH3 were mutated in all tu-
mor types.33 However, the change of E2F4 was always an integral mul-
tiple of three nucleotides lost or acquired in the tumor ofmicrosatellite
instability-high (MSI-H), without causing code shift mutation and
within the normal polymorphism range. GC patients from North
America with MSH-H and MSH-L (n = 127) had a median survival
of 541 and 587 days, respectively, whereas patients with microsatel-
lite-stable (MSS) had a median survival of 265 days.34 The increased
binding of E2F4with theRAD51 promoter seemed to enhance the bio-
logical function of pci-24781 and cisplatin (CDDP) combined therapy,
which significantly reduced the growth of GC cells in vivo, promoted
apoptosis, and inhibited cloning of cancer cells.35 Another research
illustrated that pRb2 /p130 was a key tumor-suppressor gene and
that its tumor-suppressor activity was mainly through the interaction
with E2F4 and E2F5 transcription factors to regulate the cell cycle
negatively.36 Enrichment analysis revealed that cyclins interacted
with transcription factors, such as FOXM1, SIN3A, NFYA, and
E2F4, in GC and that high expression of these cyclins was associated
with a poor prognosis.37 In our analysis, the expression level of
E2F4 showed no statistical difference compared with normal samples
from the GEPIA dataset, but we found that the low expression of E2F4
indicated better OS, PPS, and FP data by the Kaplan-Meier plotter.
There was a significant statistical difference for OS between stages
III and IV of E2F4 in all GC patients. When Her-2 was negative, there
was still statistical difference for OS in patients with GC.

E2F5 was found highly expressed in a variety of tumors, such as glio-
blastoma and prostate cancer.38,39 However, E2F5 expression and
prognostic effect in GC have not been reported. It has been reported
that miR-106b could accelerate the cell cycle of GC cells and promote
the progression of GC by regulating the expression of E2F5.40

miRNA-34a enhanced the therapeutic effect of paclitaxel-sensitive
GC cells by targeting E2F5. Therefore, the miRNA-34a/E2F5 axis
may be a promising therapeutic target for overcoming GC
mber 2020



Figure 10. E2Fs Coexpression Analysis in Gastric Cancer

Figure 11. E2F Interaction Analysis in Gastric Cancer
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chemotherapy resistance.41 In the present analysis, we demonstrated
that the expression level of E2F5 showed a significant statistical differ-
ence compared with normal samples from the GEPIA dataset. With
the use of the Kaplan-Meier plotter, we found that high expression
of E2F5 indicated better OS, PPS, and FP data. There was a significant
statistical difference, which was not influenced by the Her-2 condi-
tion, for OS among stages II/III/IV of E2F5 in all GC patients.

E2F6 is a member of the E2Fs with the functions of controlling cell
cycle and regulating tumor progression.42–44 Several studies have clar-
ified the role of E2F6, a component of theWnt signaling pathway, and
SMUG1, a component of the BER signaling pathway, in gastric
adenocarcinoma. E2F6/SMUG1 was more common in poorly differ-
entiated tumors and could be considered as an invasive phenotype of
GC.45 Interestingly, targets of miR-31 include E2F6 and SMUG1. In-
duction of miR-31 expression in MKN-45 resulted in a significant
decrease in E2F6 and SMUG1 genes. Induction of miR-31 expression
could increase drug sensitivity and reduce tumor cell migration and
GC cell invasion.46 Additionally, E2F6 regulated the proliferation, in-
vasion, and apoptosis of GC cells by inhibiting the expression of
CASC2, suggesting that the E2F6/CASC2 axis was another regulator
of GC progression.43 Other scholars have pointed out that E2F6 regu-
lated hypoxia-induced apoptosis of tumor cells by regulating E2F1.44

In our findings, the expression level of E2F6 revealed no significantly
statistical difference compared with normal samples from the GEPIA
dataset. However, with the use of the Kaplan-Meier plotter, it was
found that high expression of E2F6 indicated better OS and PPS
data, except for FP. There was significant statistical difference for
OS among stages I/II/III of E2F6 in all GC patients.

E2F7 has been reported in a variety of tumors.47,48 Zhang et al.49 have
analyzed the relationships between E2Fs and the prognosis of GC.
They believed that the mRNA level of E2F7 was related to GC cell in-
vasion and tumor differentiation.49 We found the expression level of
E2F7 was higher than that in normal samples from the GEPIA data-
set. High expression of E2F7 indicated a better OS, PPS, and FP by
using the Kaplan-Meier plotter. Of note, the predictive value of
E2F7 was mainly reflected in middle- and advanced-stage GC, with
no significance in stage I and stage II.

E2F8 was also expressed higher in other types of tumors and was
closely related to tumor prognosis in preceding documents.50–52 A
study has shown that E2F8 was targeted bymiR-223-5p, inhibiting tu-
Molecular The
mor progression in non-small cell lung cancer (NSCLC).53 Although
the prognostic value of E2F8 has been studied in GC,49 there was no
definite and relevant study on the cellular mechanism of E2F8 on GC.
In our analysis, we explored that the expression level of E2F8 ap-
peared with a significant statistical difference compared with the
normal tissue. High expression of E2F8 indicated a better OS, PPS,
and FP by using the Kaplan-Meier plotter. We also demonstrated
that there was no correlation between E2F8 expression and tumor
stage in all patients with GC.

Conclusions

In this study, the expression and prognostic value of E2Fs in GC were
comprehensively analyzed for the first time. Our results suggested
that E2F1 could be a potential target of precise treatment, and
E2F1/2/3/5/7/8 could be deemed as potential prognostic factors for
patients with GC. Although subsequent clinical trials and data are still
required for further verification, our findings could be a promising
start for the discovery of novel prognostic predictors and the develop-
ment of new drugs for the treatment of GC.

MATERIALS AND METHODS
Ethics Statement

This study was approved by the Academic Committee of Central
South University and conducted according to the principles expressed
in the Declaration of Helsinki. All of the datasets were retrieved from
the publishing literature, so it was confirmed that all written,
informed consent was obtained.

Oncomine

Oncomine (https://www.oncomine.org/resource/login.html) is a
cancer microarray database and web-based data-mining
rapy: Methods & Clinical Development Vol. 18 September 2020 833
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Figure 12. The Functions and KEGG Enrichment

Analysis of E2Fs

(A–C) GO enrichment analysis predicted the functional

roles of host target genes based on three aspects,

including biological processes (A), cellular components (B),

and molecular functions (C). (D) The KEGG enrichment

analysis of E2Fs.
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platform54 that is currently the world’s largest oncogene data-
base and integrated data-mining platform. It integrates GEO
and TCGA RNA and RNA sequencing (RNA-seq) data and
has the most comprehensive cancer mutation spectrum, gene
834 Molecular Therapy: Methods & Clinical Development Vol. 18 Septe
expression data, and related clinical information. Besides, it con-
tains 715 datasets and 86,733 sample information. Based on this
database, researchers can conduct gene differential expression
analysis and other studies.
mber 2020



Figure 13. Signaling Pathways of E2Fs in Gastric Cancer (Cell Cycle)
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GEPIA2

The GEPIA (http://gepia.cancer-pku.cn/) server has been running for
2 years and processed �280,000 analysis requests for �110,000 users
from 42 countries. Present GEPIA2, an updated and enhanced
version of GEPIA with 198,619 subtypes and 84 cancer subtypes,
has extended the quantification of gene expression from gene level
to transcriptional level and could support the analysis and compari-
son of specific cancer subtypes.55 Correlations between expression
level of E2Fs and clinical characteristics in GC were assessed accord-
ing to the GEPIA2 dataset.
The cBioPortal for Cancer Genomics

The cBioPortal for Cancer Genomics (http://www.cbioportal.org/)
was established for exploration of visualization, analysis, and down-
loading of large-scale cancer genomics datasets.56,57 The stomach
adenocarcinoma (TCGA, Firehose Legacy) data, including 415 pa-
tients with mRNA data (RNA-seq v.2), was selected for analysis of
E2Fs. Coexpression and the network of E2Fs were estimated by using
the cBioPortal online tool.
Molecular The
The Kaplan-Meier Plotter

The prognostic value of E2Fs was estimated by using the online da-
taset, Kaplan-Meier plotter (https://kmplot.com/analysis/),
including correlations of gene mRNA expression and survival anal-
ysis of breast, lung, and ovarian cancer and GC.58 In the dataset,
transcriptomic data of 1,065 patients with GC were evaluated.59

To assess the correlations of survival data and E2Fs, along with tu-
mor stages and Her-2 conditions, genders, and pathological classifi-
cations, only the Jetset best probe was chosen and recommended by
the website. Association of mRNA expression of E2Fs with the prog-
nosis in GC was analyzed from the Kaplan-Meier plotter, including
OS, PPS, and FP survival.

Functional Enrichment Analysis

In this study, GO annotation analysis and the KEGG pathway
(https://www.kegg.jp/kegg/pathway.html) enrichment analysis were
performed to predict pathways and BPs of E2Fs by using DAVID
(https://david.ncifcrf.gov/). By modulating the signaling pathways,
E2Fs were able to participate in the development of GC, which was
achieved by downloading diagrams from the KEGG pathway website.
rapy: Methods & Clinical Development Vol. 18 September 2020 835
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Figure 14. Signaling Pathways of E2Fs in Gastric Cancer (Pathways in Cancer)
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