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Background: E2F transcription factors (E2Fs), code a family of pivotal transcription factors, have been identified as key regulators in
tumor tumorigenesis. However, the function of E2F family in human lung adenocarcinoma (LUAD) have not been fully elucidated.
Methods: Herein, The Cancer Genome Atlas (TCGA) databases, Kaplan-Meier plotter, cBioPortal and TIMER were used to analyze
differential expression, prognostic value, genetic alteration and immune cell infiltration of E2Fs in LUAD patients.
Results: The expression levels of E2Fs (E2F1-8) were all significantly upregulated in LUAD tissues compared with normal lung
tissues. All eight E2Fs had low rates of gene mutation in LUAD patients from cBioPortal databases. Survival analysis revealed that
E2F2 (P=0.038; HR 1.36; 95% CI 1.02–1.81), E2F7 (P<0.001; HR 1.78; 95% CI 1.33–2.39) and E2F8 (P=0.03; HR 1.37; 95% CI
1.02–1.82) were significantly associated with poor prognosis. Multivariate cox regression analysis found that only E2F7 (P<0.001; HR
2.72; 95% CI 1.75–4.25) was an independent prognostic predictor in LUAD after adjusting common clinical parameters. The receiver
operating characteristic (ROC) analysis also found that E2F7 had high diagnostic value for LUAD (AUC=0.901). Further analysis
found that E2F7 was significantly associated with LUAD immune cell infiltration of B cell, T cell, neutrophil, and myeloid dendritic
cell. E2F7 also have positive correlations with immune checkpoint genes including SIGLEC15, CD274, HAVCR2, PDCD1LG2,
CTLA4, TIGIT, LAG3 and PDCD1 in LUAD.
Conclusion: Our findings showed various association of E2F7 in LUAD diagnostic and prognostic aspects, which suggested its
potential in becoming a novel biomarker.
Keywords: lung adenocarcinoma, E2F transcription factors, TCGA, prognosis, immune cell infiltration

Introduction
E2Fs, as pivotal transcription factor members, play a critical role in regulating downstream genes transcription, DNA
synthesis and cell cycle.1 Mammalian E2F family are generally divided into the following three categories according to
its functional and structural characteristics: (1) transcription activators (E2F1, E2F2 and E2F3a), which are transcription
activators of E2F target genes. They regulate transcription activity by binding their response elements to the promoters of
target genes in the late G1/ S phase of cell cycle.2 (2) The repressors (E2F3b, E2F4, and E2F5) were found to be
interacted with E2F inhibitory RB pocket proteins and block E2F target gene transcription.3 This subclass preferentially
plays a role of transcriptional inhibition in the quiescent phase and early G1 phase of cell cycle.4 (3) Transcriptional
inhibitors (E2F6-E2F8) have similar function with “repressor E2Fs”, but they do not interact with pocket proteins.5

Recent studies have found that the abnormal expression of E2F family members was reported in various tumors and E2Fs
may play an important role in promoting or inhibiting cancer by affecting a variety of downstream genes.6–8

International Journal of General Medicine 2022:15 5973–5984 5973
© 2022 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 7 May 2022
Accepted: 28 June 2022
Published: 2 July 2022

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-2241-0954
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Lung cancer is a common malignant tumor with the highest morbidity and mortality rate in the world.9 In 2016, there
were about 224,390 newly reported lung cancer cases and 158,080 lung cancer related deaths in the United States. The
5-year survival rate in the United States is less than 17.4%.10 Lung adenocarcinoma (LUAD) is the most common type of
lung cancer. The treatment of LUAD mainly includes surgical resection, radiotherapy, chemotherapy, hormone therapy,
and molecular targeted therapy. Although the overall outcome of surgical resection is satisfactory in the early stage of
LUAD, the diagnosis of LUAD is often in the advance stage due to the early asymptomatic or only with subtle
symptoms. In advanced LUAD, despite advances in treatment strategies, curative options are prolonged and limited.
Molecular targeted therapy is a promising choice. However, there were lack of effective molecular targets and could not
satisfy the therapeutic effect in LUAD. Therefore, therapy targets and potential prognostic biomarkers need to be
identified to promote treatments and optimize the prognosis of LUAD.

E2Fs are supposed to have complex and distinct roles in various human tumorigenesis. For example, the increased
expression of E2F and EZH2 with the corresponding retinoblastoma (Rb)-E2F-EZH2 axis changes in bladder cancer
played a role in regulating tumor development, recurrence and progression.6 Previous research also showed that HBXIP
could induce PKM2 expression through transcription factor E2F1 and promote the proliferation of ER+ breast cancer
cells.11 E2F2 was overexpressed in glioma and promoted glioma progression via regulating the PI3K/AKT axis.12 E2F3
was overexpressed in gastric cancer by promoting tumor growth and metastasis via H19/miR-194/E2F3 axis.13

Although these studies suggested that the E2F family are involved in various types of cancers. However,
a systematical analysis of the prognostic value of the entire E2F family remains poorly investigated in LUAD.
Additionally, tumor-infiltrating immune cells are closely associated with clinical outcome of cancers. Herein, we
comprehensively assessed the prognostic value of the E2F family and potential relationship with immunotherapy in
LUAD, based on updated public resources and integrative bioinformatics analysis.

Methods
The mRNA Expressions of E2Fs in LUAD and Normal Lung Tissues
RNA-seq data and clinical information of 535 LUAD patients were derived from The Cancer Genome Atlas (TCGA)
databases. The mRNA expression values of E2Fs in tumor tissue (535 specimens) were compared with adjacent normal
tissue (59 specimens) by using nonparametric test of paired samples and unpaired samples. P<0.05 was considered
statistical significance (Supplementary Table 1).

cBioPortal Gene Mutation Analysis and Methylation Status of E2Fs in LUAD
The cBioPortal for Cancer Genomics (http://cbioportal.org) provides an open-source platform for exploring, visualizing,
and analyzing multidimensional cancer genomics data. Four LUAD datasets from cBioPortal database (Broad, Cell 2012;
OncoSG, Nat Genet 2020; MSKCC, Cancer Discov 2017; TCGA, PanCancer Atlas), including 1969 total LUAD
samples, were selected for further analyses the mutation of E2Fs in LUAD patients. The mutation types included the
missense mutation, splice mutation, truncating mutation, amplification, fusion amplification, and deep deletion.
Additionally, the methylation status of E2F family members in LUAD vs normal lung were investigated by Ualcan
database (http://ualcan.path.uab.edu/).

Prognostic Value of E2Fs
Patients were divided into high expression group and low expression group according to the median value of E2Fs
expression. Kaplan-Meier survival analysis was performed to assess the prognostic value of E2Fs in LUAD. The results
were presented as Kaplan-Meier survival plot with the hazard ratio (HR) and log rank. Univariate and multivariate cox
regression were further performed to assess the prognostic value of E2Fs and clinical variables. The receiver operating
characteristic (ROC) analysis then performed to evaluate the diagnostic value of E2Fs for diagnosing LUAD. We further
verified the prognosis value of E2Fs through two other cohorts of GEO databases (GSE13213 and GSE31210).
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Correlation of E2Fs with Immune Cell Infiltration and Immune Checkpoint Genes in
LUAD
The difference of immune cell infiltration between the two expression groups was evaluated with the immunedeconv
R package (https://grst.github.io/immunedeconv), which integrates six algorithms (including TIMER, EPIC, MCP-
counter, xCell, CIBERSORT, and quanTIseq). The TIMER and CIBERSORT algorithms were used respectively for
evaluating immune cell infiltration. The correlation between E2Fs and immune checkpoint genes was analyzed to explore
the potential role of E2Fs in immunotherapy.

Immunohistochemistry
In this study, we used paraffin samples from LUAD patients to verified the protein level of E2F7 by
Immunohistochemistry (IHC). A total of 40 specimens were obtained from the First People’s Hospital of Lianyungang
in China between October 2021 to January 2021, including 30 LUAD tissues and 10 normal lung tissues (14 males and
16 females). The histological evaluation was performed on hematoxylin and eosin (HE) stained sections. The study was
approved by the hospital institutional ethic review board (Ethic approval number: LW-20220224001-01). Written
informed consent was obtained from all participants or their guardians before the study.

The LUAD tissue sections were immunostained with primary antibody against E2F7 (Proteintech, Cat# 24489-1-AP,
China).14 Three-μm sections cut from paraffin-embedded tissue were deparaffinized, rehydrated, and antigen retrieved,
then incubated with the primary antibody (1:100) at 37°C. After incubation with primary antibody, the detection of
antibodies was accomplished using the streptavidin peroxidase method.

Sections were scored blindly by two independent pathologists. The degree of immunostaining was based on
staining intensity and percentage of cells stained. We quantitatively scored tissue sections using the following criteria:
(a) percentage of immunoreactive cell (%); and (b) staining intensity: 0 (negative staining), 1 (weak staining), 2
(moderate staining), and 3 (intense staining). Staining results were evaluated using both the percentage of positive
staining and intensity of positively stained tumor cells. The Histological-score (H-score) =0×percentage (%) of
negative staining+1×percentage (%) of weak staining+2×percentage (%) of moderate staining+3×percentage (%) of
intense staining. Statistical data analyses were performed by GraphPad Prism 6.0 (GraphPad Software, USA). The
data are presented as the mean ± standard deviation. The protein level of E2F7 in tumor tissue were compared with
adjacent normal tissue by using Man Whitney U unpaired nonparametric test, and P<0.05 was considered significant.

The Association Between E2F7 Expression and the Levels of Common Chemokines
and Cytokines
We analyzed the association between E2F7 expression and the levels of common chemokines and cytokines (MMPs,
TIMPs, IL6, IL10, CXCL17 and CCL24) in LUAD by using starbase database (https://starbase.sysu.edu.cn/index.php).

Results
The mRNA Expression of E2Fs in LUAD and Normal Lung Tissues
The mRNA expression of E2Fs factors between LUAD and normal lung tissues groups showed that the expression levels
of E2F1-E2F8 were all significantly higher in LUAD patients with both paired samples and unpaired samples nonpara-
metric tests. (Figure 1).

cBioPortal Gene Mutation Analysis and Methylation Status of E2Fs in LUAD
We analyzed the genetic alterations of E2Fs in LUAD patients by using the cBioPortal online tool. The result showed that
E2F1, E2F2, E2F3, E2F4, E2F5, E2F6, E2F7, and E2F8 were altered in 1%, 1.6%, 1%, 1.1%, 4%, 0.9%, 3%, and 1.4%
of the queried 1969 LUAD samples (Broad, Cell 2012; OncoSG, Nat Genet 2020; MSKCC, Cancer Discov 2017; TCGA,
PanCancer Atlas) respectively. The main mutation type were missense mutation and amplification. All the E2F family
demonstrated a low rates of gene mutation in LUAD patients (Figure 2). Also, the methylation status of E2F family
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members in LUAD vs normal lung showed that the E2F1, E2F3, E2F5 and E2F6 were significantly different in LUAD vs
normal lung (Supplementary Figure 1).

Prognostic Value of E2Fs
Kaplan-Meier survival analysis found that the expression of E2F2 (P=0.038; HR 1.36; 95% CI 1.02–1.81), E2F7
(P<0.001; HR 1.78; 95% CI 1.33–2.39), and E2F8 (P=0.03; HR 1.37; 95% CI 1.02–1.82) were significantly associated
with worse prognosis of LUAD (Figure 3). And the expression of E2F1, E2F3, E2F4, E2F5, and E2F6 did not show
significance (P>0.05).

Univariate cox regression analysis revealed that T stage, N stage, M stage, E2F2, E2F7, E2F8 were significantly
associated with prognosis of LUAD (P<0.05). In further multivariate cox regression analysis adjusting with common
clinical parameters (including gender, age, smoking, T stage, N stage and M stage), only T stage (P=0.015; HR 1.73; 95%

Figure 1 The expression of E2Fs in LUAD and normal lung tissues. 535 LUAD and 59 adjacent normal tissue RNA-seq data were derived from TCGA databases. (A) The
differential expression of E2Fs between LUAD cancer tissues and adjacent normal lung tissues by using Wilcoxon nonparametric test of paired samples. Blue dot means
normal sample and red dot means tumor sample. ***Means P<0.001. P<0.05 means it has statistical significance. (B) The differential expression of E2Fs between LUAD
cancer tissues and adjacent normal lung tissues by using Man Whitney U unpaired nonparametric test. Blue box means normal sample and red box means tumor sample.
***Means P<0.001. P<0.05 means it has statistical significance.

Figure 2 cBioPortal gene mutation analysis of E2Fs. The study of origin means four LUAD datasets from cBioPortal database (Broad, Cell 2012; OncoSG, Nat Genet 2020;
MSKCC, Cancer Discov 2017; TCGA, PanCancer Atlas), they are represented in different colors. The percentage represents the total mutation rates of the genes in the
study population.
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CI 1.11–2.69), N stage (P<0.001; HR 2.34; 95% CI 1.67–3.28) and E2F7 (P<0.001; HR 2.72; 95% CI 1.75–4.25)
remained independent association with the prognosis of LUAD (Table 1).

With the significant founding on E2F7, further ROC analysis showed that E2F7 had a high diagnostic value for lung
adenocarcinoma (AUC=0.901) (Figure 4). To further verify the prognosis value of E2F7, analysis through two other
different cohorts of GEO databases (GSE13213 and GSE31210) were conducted. Results found that in both datasets,
E2F7 were both significantly associated with prognosis of LAUD. The Cox regression results were shown as follow in
GSE13213 (P<0.001; HR 1.39; 95% CI 1.15–1.69) and GSE31210 (P<0.00001; HR 2.04; 95% CI 1.49–2.78).

Figure 3 Kaplan-Meier survival analysis of E2Fs in LUAD patients. According to the median value of gene expression, we divided the study population into high expression
group and low expression group, which are represented by red and blue curves respectively. The results were presented as Kaplan-Meier survival plot with the hazard ratio
(HR) and log rank. P<0.05 means it has statistical significance.
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Correlation of E2Fs with Immune Cell Infiltration and Immune Checkpoint Genes in
LUAD
Immune cell level is associated with proliferation and progression of cancer cell. Current study used the TIMER and
CIBERSORT database to explore the correlation between E2Fs and immune cell infiltration. The TIMER immune cell
infiltration analysis found that expression level of E2F7 was significantly associated with B cell, CD8+ T cells,
neutrophil, and myeloid dendritic cell infiltration in LUAD (Figure 5). The CIBERSORT immune cell infiltration
analysis found that the expression level of E2F7 was correlated with B cells, CD8+ T cells, Cytotoxic cells, dendritic
cell, Neutrophils, T cells infiltration in LUAD.

Table 1 The Prognostic Value of E2Fs and Clinical Variables in LUAD in Univariate and Multivariate Cox Regression Model

Characteristics Total (N) Univariate Analysis Multivariate Analysis

Hazard Ratio
(95% CI)

P value Hazard Ratio
(95% CI)

P value

T stage (T2&T3&T4 vs T1) 523 1.728 (1.229–2.431) 0.002 1.733 (1.113–2.698) 0.015
N stage (N1&N2&N3 vs N0) 510 2.601 (1.944–3.480) <0.001 2.343 (1.672–3.281) <0.001
M stage (M1 vs M0) 377 2.136 (1.248–3.653) 0.006 1.689 (0.947–3.014) 0.076

ERBB2 (High vs Low) 526 0.974 (0.731–1.297) 0.856
TP53 (High vs Low) 526 1.031 (0.774–1.373) 0.834

Gender (Male vs Female) 526 1.070 (0.803–1.426) 0.642

Age (>65 vs ≤65) 516 1.223 (0.916–1.635) 0.172
Smoker (Yes vs No) 512 0.894 (0.592–1.348) 0.591

E2F2 (High vs Low) 526 1.357 (1.018–1.809) 0.038 0.963 (0.627–1.478) 0.862

E2F7 (High vs Low) 526 1.783 (1.332–2.386) <0.001 2.723 (1.746–4.246) <0.001
E2F8 (High vs Low) 526 1.365 (1.023–1.821) 0.034 1.251 (0.907–1.788) 0.155

Note: Bold type refers to P value <0.05.
Abbreviation: CI, confidence interval.

Figure 4 The ROC curve of E2F7 for diagnosis lung adenocarcinoma. The results were presented as AUC and 95% CI.
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Results also showed that E2F7 have positive expression relations with common immune checkpoint genes including
SIGLEC15 (r=0.25), CD274 (r=0.32), HAVCR2 (r=0.13), PDCD1LG2 (r=0.28), CTLA4 (r=0.15), TIGIT (r=0.18),
LAG3 (r=0.24) and PDCD1 (r=0.16) in LUAD (Figure 6).

Protein Expression Level of E2F7 in LUAD Tissues by Immunohistochemistry
The protein expression level of E2F7 by immunohistochemistry showed that the expression of E2F7 was significantly
increased in LUAD tissues compared to that in normal lung tissues (Figure 7), which was consistent with the mRNA
level of E2F7.

The Association Between E2F7 Expression and the Levels of Common Chemokines
and Cytokines
The association between E2F7 expression and the levels of common metastasis related factors (MMPs and TIMPs) in
LUAD were further explored. The result showed that the expression of E2F7 had significant co-expression relationship
with the level of MMP1, MMP10, MMP11, MMP12, TIMP2, and TIMP4 (Supplementary Figure 2).

Figure 5 Correlation of E2F7 with immune cell infiltration in LUAD. (A) The heatmap of immune cell infiltration by using TIMER algorithm. G1 means high E2F7 expression
group and G2 means low E2F7 expression group. (B) The heatmap of percentage of different type of immune cells. (C) The bubble chart of immune cell infiltration by using
CIBERSORT algorithm. (D) The violin picture of immune cell infiltration by using CIBERSORT algorithm. *P<0.05, **P<0.01, ***P<0.001.
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Between the E2F7 expression and the levels of common chemokines and cytokines (IL6, IL10, CXCL17 and CCL24)
in LUAD, the result showed that the level of E2F7 also had significant co-expression relationship with the expression of
IL6, IL10, CXCL17 and CCL24 (Supplementary Figure 3).

Figure 6 Correlation of E2F7 with immune checkpoint genes in LUAD. (A) The heatmap of correlation between E2F7 and immune checkpoint genes in LUAD. G1
means high E2F7 expression group and G2 means low E2F7expression group. (B–I). The spearman test of E2F7 and immune checkpoint genes in LUAD. *P<0.05,
**P<0.01, ***P<0.001.
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Discussion
In this study, we comprehensively analyzed the expression and prognosis value, mutation, and immune cell infiltration of
E2Fs in LUAD patients based on integrative bioinformatics analysis. While the expression levels of E2Fs (E2F1-8) were
all significantly upregulated in LUAD tissues, E2F7 (P<0.001; HR 2.72; 95% CI 1.75–4.25) was an independent
prognostic predictor in LUAD after adjustment, and also had a high diagnostic value for LUAD (AUC=0.901).
Immune cell infiltration might be the participating pathway of E2F7 in LUAD.

Although studies have demonstrated that the E2F family of transcription factors correlates with the progression and
metastases of gastric, colorectal, and lung cancers, the function of E2Fs in LUAD patients is still largely unknown. The
E2F transcription factors are mainly responsible for the control of cell mitosis and regulation of cell cycle. The abnormal
expression of E2Fs were observed in several kinds of human cancers, including gastrointestinal tumor, ovarian cancer,
breast cancer and hepatocellular carcinoma.7,15–17 Recently, more studies have reported the important role of E2Fs in
lung cancer.

The E2F1 and E2F2 were considered as transcription activators. Many studies have found that E2F1 and E2F2
expressions are significantly increased in lung cancer and play a variety of roles in the occurrence and development of
lung cancer.18 Wang et al recently reported that E2F1, by activating the transcription of NELL2 gene, could enhance the
migration, viability, and invasion of non-small cell lung cancer (NSCLC) cells as well as influence tumor progression and
metastasis of NSCLC.19 E2F2 could promote the lung cancer cell proliferation and invasion through Lnc-NNT-AS1/miR-
3666/E2F2 axis.20 Miao et al21 reported that the expression of E2F2 could be regulated by transcription factor FLI1, the
decrease of E2F2 resulted in arrest of lung cancer cell cycle and inhibition of lung cancer proliferation. In our study, both
the expression of E2F1 and E2F2 were significantly increased in LUAD. However, only the expression of E2F2 had
a significant association with worse prognosis of LUAD (P=0.038; HR 1.36; 95% CI 1.02–1.81), which did not exist after
adjusting for gender, age, tumor stage and other clinical parameters.

The E2F3, E2F4 and E2F5 were acted as repressors and found to interact with E2F inhibitory RB pocket proteins and
restrict E2F target gene transcription. The mRNA and protein expression levels of E2F3 were both upregulated in
NSCLC tumor tissues according to a recent study, and the inhibited expression of E2F3 gene could lead to the decrease
of tumor cell metastasis and viability.22 It has been reported that the expression of E2F4 and E2F5 were significantly
increased in lung cancer, but there are few studies on their mechanism in lung cancer progress. In our study, the
expression of E2F3, E2F4 and E2F5 were also significantly increased in LUAD, but there was no significant correlation
between their expression and the prognosis of LUAD.

E2F6, E2F7 and E2F8 were classified as transcriptional inhibitors. Previous study has demonstrated that increase in the
expression of E2F6 which conferred with tumor aggressiveness in diffuse subtype of gastric adenocarcinoma [10.1007/
s10238-016-0443-0]. E2F6 was also upregulated in lung cancer blood samples.23 Yuan et al found E2F6 could repress the
transcription of LINC01436 under normal oxygen condition, and this repression effect was reversed under the condition of
microenvironment hypoxia and then lead to growth, invasion and migration of lung cancer cell.24 E2F7 was highly
expressed in LUAD tissues and involved in the progression of NSCLC through regulating LncRNA-SNHG19.25 E2F7

Figure 7 The protein level of E2F7 in LUAD and normal tissues by IHC. In total, 30 LUAD tissues and 10 normal lung tissues were immunoassayed. E2F7 expression is
higher in LUAD tissues compared with normal tissues (200 × magnification). The protein level of E2F7 in tumor tissue were compared with adjacent normal tissue by using
Man Whitney U unpaired nonparametric test. Data were presented as the mean ± SEM. ***P < 0.001.

International Journal of General Medicine 2022:15 https://doi.org/10.2147/IJGM.S369582

DovePress
5981

Dovepress Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


also played an important role in the Circ-AASDH/miR-140-3p/E2F7 axis and participated in regulating LUAD tumor
growth.26 A recent study reported that E2F8 expression was found to be significantly upregulated in lung cancer tissues and
cells by immunofluorescence staining, and knockdown E2F8 could inhibit lung cancer cell proliferation and tumor growth.8

In our study, the expression of E2F6, E2F7 and E2F8 were also significantly increased in LUAD. But there was no
significant correlation between the expression of E2F6 and the prognosis of LUAD. E2F8 had a significant association with
worse prognosis of LUAD (P=0.03; HR 1.37; 95% CI 1.02–1.82) in Kaplan-Meier analysis, which disappeared after
adjusting for clinical parameters. Multivariate cox regression analysis revealed that only E2F7 (P<0.001; HR 2.72; 95% CI
1.75–4.25) remained an independent prognostic predictor of LUAD after adjusting common clinical parameters and with
a powerful diagnostic value to predicter LUAD (AUC=0.901) in ROC analysis. This result implied that E2F7 had the
potential to become a novel biomarker of LUAD.

Tumor microenvironment (TME) could affect tumor progression and recurrence. Immune cells in TME have been
shown to harbor either tumor-promoting or tumor-suppressing activities, which are considered as a significant determin-
ing factor of the response to immunotherapy. However, there are few reports about the relationship between E2Fs and
immune cell infiltrations. Shom et al reported that E2Fs could mediate the anti-tumor immunity effects of CDK4/6
restrainers through regulating the function of T cells.27 Oshi et al reported recently that ER-positive/HER2-negative
breast cancer patients with higher E2Fs score were shown higher breast cancer invasiveness and lower reactivity to
neoadjuvant chemotherapy. They also found E2Fs score was highly negative correlated with the therapeutic responsive-
ness of immune checkpoint inhibitors.28 In our study, the immune cell infiltration analysis showed that E2F7 was
significantly associated with B cell, T cell, neutrophil and myeloid dendritic cell infiltration in LUAD. We also found
E2F7 had positive correlations with the expression of immune checkpoint genes in LUAD, including SIGLEC15,
CD274, HAVCR2, PDCD1LG2, CTLA4, TIGIT, LAG3 and PDCD1. These results suggested that E2F7 may participate
in mediating the immune cell infiltration, and has the potential to further explore the value as an immunotherapy target of
LUAD.

There were some limitations to our study. All the data analyzed of E2Fs in LUAD were retrieved from online
databases. Further cell experiments and clinical cohort study on gene expression level, protein activity, and genetic
alteration aspects are required to validate our findings.

Conclusion
Our study comprehensively investigated the expression, prognosis value, mutation, and potential relationship with
immunological aspects of E2Fs in LUAD by bioinformatics analysis. All E2Fs were highly expressed in LUAD tumor
tissues, but only E2F7 was an independent prognostic predictor of LUAD after adjusting with common clinical
parameters. Further analysis found that E2F7 was significantly associated with immune cell infiltration and immune
checkpoint genes in LUAD. Results showed that E2F7 may become a novel biomarker of prognosis and might provide
additional evident for further research in improving treatment and for LUAD patients.

Abbreviations
LUAD, Lung adenocarcinoma; TF, transcription factor; ROC, receiver operating characteristic; NSCLC, non-small cell
lung cancer.
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