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Abstract
The E2F transcription factors family included E2F1-8 playing the crucial roles in the origination and
progression of various kinds of human cancers. However, a comprehensive analysis regarding the gene
mRNA expression pattern at bulk and single-cell resolution, the prognostic values and the association to
immune cell in�ltration of E2F family genes in lung adenocarcinoma (LUAD) and squamous cell
carcinoma (LUSC) remains to be performed. The bulk and single-cell mRNA expression levels of E2F
family members in LUAD and LUSC were determined using the cBioPortal, Gepia, TISCH and Oncomine
online databases. Based on the differentially expressed genes, GO enrichment and GSEA items were
investigated. The Kaplan‐Meier plotter server was used to evaluate the prognostic signi�cances of the
E2F family genes in patients with LUAD and LUSC based on the related clinicopathological features. The
correlation between E2F family gene expression and immune cell in�ltration was explored using the
Timer database. Our bulk and single-cell RNA analyses revealed that E2F1, E2F2 and E2F8 might promote
the tumor growth and aggressiveness of LUAD and LUSC indicating the poor prognosis prediction. E2F4
and E2F6 might be considered as the potential outcome markers for the improved treatment of LUAD and
LUSC, respectively. Upregulation of E2F1 and E2F8 indicated the poor prognosis of LUAD patients,
whereas only E2F2 overexpression was associated with shorter overall survival of LUSC patients. There
existed a positive relationship between E2F8 expression level and in�ltration level of macrophages and
DCs, and signi�cantly positive correlation between in�ltration level of CD8+ T, CD4+ T cells and E2F1/2/7
expression in LUAD and LUSC. In conclusion, our �ndings suggested that increased expression of
E2F1/E2F8 or E2F2 may serve as promising prognostic biomarkers for patients with LUAD or LUSC,
respectively.

Introduction
Lung cancer originates from the cells that line the air passages as the leading cause of
cancer‐associated mortality around the worldwide [1]. There exist two main types: small cell lung cancer
and non-small cell lung cancer (NSCLC). NSCLC included lung adenocarcinoma (LUAD) and lung
squamous cell carcinoma (LUSC), accounting for about 80% of the entire lung cancers [2]. The tumor
cells can spread to nearby tissues or other body systems beyond the lung, which leads to a �ve‐year
survival rate of <15% [3]. The 85% of lung cancer patients get sick from long-term tobacco smoking, and
additionally about 15% of cases occur in the people never the smoked ones [4, 5]. During disease
progression, the combination of genetic factors produces the crucial effects on the origination and
recurrences [6].

Although several therapeutic approaches for NSCLC patients have made much advanced progresses,
including the operation, chemotherapy, radiation and molecular targeted therapy [7], it is an unavoidable
reality that the percentage of patients is still increasing [8]. Treatment bene�ts and long-term prognosis
depend mainly on the molecular subtypes of cancer, tumor stages (degree of spreading) and the overall
health [9]. Unfortunately, almost 80% of NSCLC patients at the �rst diagnosis have progressed into the
advanced stages [10]. Thus, an urgent requirement is needed to deepen the understanding of the
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mechanisms of the onset and progression of NSCLC and identify the potential prognostic genes. The
construction of biomarkers in the diagnosis and treatment may improve the therapeutic strategies for
NSCLC patients.

E2F family genes have been reported to function as the transcription factors in higher eukaryotes [11]. In
the contemporary era, the onset of cancer can be explained by the development concept and the tumor
microenvironment has been identi�ed to be similar to the development microenvironment [12]. E2F family
members play the critical roles in regulating the cell cycle during the G1/S transition by bind to the target
promoter sequence [13], such as the TTTCCCGC binding site [14]. Amongst them, some have been
identi�ed as the activators, such as the E2F1 and E2F2, while some others were considered as the
suppressors, such as E2F4 and E2F6 [15]. The vital functions of E2F family genes have been studied in
various cancers, including the breast cancer, bladder cancer and lung cancer [16–18]. Previously, E2F1
has been reported to function in downregulating the expression of tumor suppressor gene ARHI in breast
cancer via epigenetic regulation [19]. E2F3 has been reported to contribute to maintaining the stemness
of bladder cancer stem-like cells by chromatin deregulation through enhancers or super-enhancers [20].By
interacting with the microRNA networks, E2F family genes also promoted the pediatric brain tumor
progression [21]. Therefore, with the various mechanisms of regulating the downstream factors, such as
the histone proteins, targeted genes and microRNAs, E2F family members extensively participate in
cancer progression.

The study model of multi-omics has been applied in the lung cancer [22], which give us a more
comprehensive understanding of this devastating disorder at the big data resolution. However, the
underlying mechanism of E2F family genes and the distinct functions have yet to be fully illustrated in
LUAD and LUSC, respectively. In the current study, based on the analyses of gene expressions or copy
numbers variations by using the online available databases, the expression and mutations of E2F family
genes in patients with LUAD and LUSC were analyzed in detail to identify the potential functions and
prognostic values. The association with immune cell in�ltration was focused on to reveal the impact of
E2F family members on the tumor microenvironment. Furthermore, single-cell RNA sequence (scRNA-seq)
data was included with the hope of specifying the expression and functions at the malignant and non-
malignant clusters.

Materials And Methods

Genomic alteration of E2F family in the cBioPortal database
To investigate the genomic alterations of E2F family genes and the correlation between copy number
variation (CNV) and mRNA expression, the cBioPortal database (https://www.cbioportal.org) was
evacuated. Genomic alteration types and alteration frequencies were analyzed in various tumors
including LUAD and LUSC. The genomic alterations of E2F family, such as CNV, deep deletion, missense
mutation, truncating mutation with unknown signi�cance, were provided by the the cBioPortal Oncoprint
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tool. The correlation between the genetic alterations and the mRNA expression levels of E2F family was
analyzed in LUAC and LUSC. 

Gene expression analysis in GEPIA
The GEPIA (Gene Expression Pro�ling Interactive Analysis, http://gepia.cancer-pku.cn) database can
provided the differential gene expression between normal and cancer tissues, which constructs the
interactive web server for exploring the RNA sequencing expression data from 9736 tumors and 8587
normal tissues based on the TCGA and the GTEx (Genotype-Tissue Expression) programs [23]. The tumor
and normal tissue datasets of various cancers including LUAD and LUSC were used for analyzing the
expression of E2F family genes. Gene expression correlation analysis was performed in the LUAD and
LUSC datasets from TCGA data. E2F family genes were used for the x-axis, and other genes of interest
including the Ki-67 and EGFR are represented on the y-axis, of which the Spearman’s correlation analysis
was chosen to determine the correlation coe�cient. 

The immune in�ltration analysis in TIMER database 
TIMER database (http://timer.cistrome.org) has become a comprehensive online server for systematic
analysis of immune in�ltration among the diverse cancer types [24]. The TIMER database totally includes
10,897 samples across 32 cancer types from TCGA data to estimate the abundance of immune
in�ltrations. The association between immune in�ltration and clinical outcome was evaluated by the
Kaplan-Meier evaluation. In the TIMER database, a deconvolution was used to infer the abundance of
tumor-in�ltrating immune cells (TIICs) from gene expression pro�les according to the previously
published statistical methods. We analyzed the correlation of E2F family gene expression with the tumor
purity and the abundance of immune in�ltrates, including B cells, CD4+ T cells, CD8+ T cells, neutrophils,
tumor-associated macrophages, and dendritic cells. In addition, correlations between prognosis and
tumor-in�ltrating immune cells were explored via log-rank test. E2F family was used for the x-axis with
gene symbols, and the corresponding in�ltrating immune cells are represented on the y-axis. The gene
expression level was displayed with log2 RSEM. 

The survival analysis based on the Kaplan-Meier Plotter
database
Kaplan-Meier (K-M) plotter (http://kmplot.com/analysis/) includes gene chip and RNA-seq data from the
GEO, EGA, and TCGA databases, which has been reported to assess the prognostic effect of 54k genes on
the patient outcomes among the 21 cancer types, including lung cancers (n = 3,452). To explore the
prognostic role of E2F family genes in LUAD and LUSC, the associations between E2F mRNA expression
and the overall survival (OS) and recurrence free survival (RFS) was evaluated by the Kaplan-Meier
plotter.  

http://kmplot.com/analysis/
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Protein expression of E2F family genes in LUAD and LUSC
The immunohistochemistry staining was examined according to the manufacturer’s instructions. The
5~8 μm slides were prepared from para�n-embedded tissues �xed in 4% PFA at 4˚C overnight. The slides
were heated at 75˚C for 30 min, and then 5% FBS was used to reduce unspeci�c staining. The prepared
slides were stained with anti-E2F1, E2F2 and E2F7 antibodies at 4˚C overnight. The slides were washed in
PBS and incubated with the Goat to rabbit secondary antibodies for 2 hours at room temperature.
Histopathological estimates were con�rmed by two pathologists at The Second Hospital of Tianjin
Medical University based on the WHO classi�cation.  

The single-cell RNA expression of E2F family in TISCH
For the singles cell RNA-seq (scRNA-seq) expression of lung cancer dataset, the pre-analyzed results of
the dataset have been shown in the Tumor Immune Single Cell Hub (TISCH) including the UMAP
overview, gene expression, GSEA and GO enrichments [25]. The UMAP plots the entire cells colored by the
clusters and cell-type annotations. The malignancy level and major-lineage level were chosen based on
the cell-type annotations. Besides, the interested gene expression visualization can be indexed and
compared simultaneously based on the current TISCH database. The expression level of E2F family
genes at the single-cell resolution were re�ected in the UMAP plots. To identify the functions of distinct
cell-type populations and gene expressions, the gene set enrichment analysis (GSEA) was performed
according to the rank of E2F family genes based on the fold-change from the differential analysis.  

Ethics Statement
This study was approved by the Ethics Committee of The Second Hospital of Tianjin Medical University
according to the principles of the Declaration of Helsinki. All the datasets were retrieved from the
published literatures and online databases. The human LUAD and LUSC para�n sections were obtained
from The Second Hospital of Tianjin Medical University. All the written informed consents were obtained.

Results

The mRNA expression levels of E2F family genes among
the divers cancer types
To further evaluate the mRNA expression levels of E2F family genes, we compared the differential
expression between the tumor and adjacent normal tissues across all the cancer types by utilizing the
TIMER database. As shown in Figure 1, the elevated expression of E2F family members was observed in
various kinds of cancers including LUAD and LUSC, which indicated the crucial role of E2F family in
tumor progression. Especially, in the Skin Cutaneous Melanoma (SKMC), the mRNA expression of E2F3,
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E2F4, E2F5 and E2F8 in the metastatic lesions were signi�cantly increased in contrast to the primary
tumors. However, the expression levels of some ones were noticeably reduced in some cancers, such as
the expression of E2F2 in rectum adenocarcinoma esophageal carcinoma (READ) and the expression of
E2F6 in kidney chromophobe (KICH). In addition, the E2F7 expression was found to be signi�cantly
higher in almost all kinds of cancerous tissues compared with the adjacent normal tissues. Importantly,
all the E2F family members were almost elevated in LUAD and LUSC with signi�cant differences driving
us to investigate the functions in the treatment for lung cancer. Similarly, in the lung cancer statistics of
The Cancer Genome Atlas, E2F1 was reported to be overexpressed in LUAD and LUSC compared with the
normal tissues evidenced by the fold change of 1.067 and 1.097, respectively (Table 1). The higher
expression of E2F2 was found in LUAD (fold change, 1.039) versus normal samples. In the Gao’s study,
E2F2 was also suggested as one elevated expression factor and one important prognostic factor in the
NSCLC [26].

E2F3 expression level was noticeably upregulated in LUAD and LUSC with a fold change of 1.075 and
1.283 (Table 1). Based on the TCGA database, higher expressed E2F5/E2F6/E2F7 was found in the lung
carcinomas. A similar trend of E2F5 expression is showed in the Stearman’s study [27]. Taken together,
the expression of E2F family genes was increased in most of cancers.

Genetic alterations and mRNA expression of E2F family in
LUAD and LUSC
To determine the genetic variations of E2F family members in human LUAD and LUSC, several studies
from TCGA were included by utilizing the cBioPortal online tool. The mutations were more frequently
observed in LUAD, whereas the ampli�cations appeared more in the LUSC (Figure 2A). This analysis
revealed the varying degrees of genetic alteration among member genes of E2F family, of which E2F5
presented the highest incidence rate of genetic variations with the rate of 3% alteration (Figure 2A). The
abovementioned statements suggested that the incidences of genetic alteration varied across the E2F
family members.

To detect the transcriptomic expression of E2F family genes in LUAD or LUSC and normal lung tissues,
transcript per million (TPM) and mRNA expression levels were analyzed by utilizing the Gepia database.
The TPM levels were almost elevated in the cancer group, except that were decreased in the E2F4 (Figure
2B). In the LUAD, the expression levels of E2F1 and E2F8 were increased with the signi�cant differences,
as well as in the LUSC, we found the elevated expression of E2F1, E2F2, E2F7 and E2F8 (Figure 2B and
2C). Furthermore, the expression of E2F family genes in the disorder stages were also detected
suggesting that the E2F2, E2F4, E2F5 and E2F8 groups signi�cantly varied (Figure 3). Amongst them,
E2F2 and E2F8 were signi�cantly higher in the later stages of the disease, which indicated that these two
factors could be considered as the key markers to label the tumor progression. Collectively, based on the
above analyses, E2F8 actually plays a critical role in the lung cancer.
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Having identi�ed the mRNA expression levels of E2F1, E2F2 and E2F8, the protein levels of E2F
expression were examined by immunohistochemistry in LUAD and LUSC tissues and their counterparts
(Figure 4). As shown in Figure 4, we observed that E2F1, E2F2 and E2F8 proteins were expressed at the
higher degrees in the cancer tissues than in the normal control.

The correlation between E2F family genes and survival in
LUAD and LUSC
To explore the critical e�ciency of E2F family genes in the outcomes of patients with LUAD and LUSC,
survival plot module of Kaplan-Meier Plotter database was excavated to analyze the correlation between
the mRNA levels of E2F family and the recurrence-free survival or the overall survival. For the recurrence-
free survival, the overexpression of E2F3 and E2F6 was actually associated with the improved outcomes
of LUAD patients. The overexpression of E2F2 impaired the survival of patients with LUSC (Figure 5). For
the overall survival, the high level of E2F6 improved the outcome of LUAD patients. Notably, the results
revealed that the increased levels of E2F1, E2F4 and E2F8 were signi�cantly associated with the poorer
prognosis of LUAD patients (Figure 5). All of the E2F family members produced no signi�cances on the
prognosis of LUSC patients. The prognostic potential of E2F family genes in non-small cell lung cancer
was further veri�ed by the RNA-seq data of TCGA database.

E2F family genes are correlated with immune in�ltration
levels in LUAD and LUSC.
Tumor microenvironment (TME) consists of tumor cells and the surrounding environmental ingredients,
which presents the high heterogenous features. Several studies have revealed that genes expressed by
tumor cells affect the immune cells in�ltration levels, which can further play the important roles in the
tumor progression. Herein, we explored the correlation between the levels of CD4+ and CD8+ T cells
in�ltration and the expression of E2F family genes in LUAD and LUSC by analyzing the TIMER database.
As shown in Figure 6, we found that the mRNA expression levels of E2F family members were positively
related to the degree of tumor purity in LUAD and LUSC. Tumor purity, as an important factor, can
in�uence the analysis between mRNA expression of genes and immune in�ltration in tumor samples.
Most of E2F family members were obviously positive correlated with in�ltrating level of CD4+ and CD8+
T cells. However, the overexpression of E2F2 and E2F5 negatively correlated to the in�ltration of CD4+
and CD8+ T cells in both LUAD and LUSC. In the LUSC patient group, E2F6 and E2F7 were also found to
impaired the in�ltration of CD4+ and CD8+ T cells (Figure 6). These �ndings strongly suggested that E2F
family members play a speci�c role in immune in�ltration, especially those of CD4+ and CD8+ T cells.

The abovementioned results suggested that E2F8 might speci�cally affect the lung cancer progression.
Herein, to further investigate the association between E2F8 expression and various immune in�ltrating
cells, we analyzed the correlations between mRNA expression and the marker sets of various immune
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cells, included CD8+ T cells, CD4+ T cells, Th1 and Th2 cells, Tfh cells, Th17 cells, Tregs cells, exhausted
T cells, B cells, monocytes, TAMs, M1 and M2 macrophages, neutrophils and dendritic cells in LUAD and
LUSC (Table 2). The results of correlation adjusted by tumor purity revealed that the E2F8 expression
level was signi�cantly correlated with most immune cells in LUAD and LUSC. Interestingly, the in�ltration
of anti-tumor T cells such as CD8+ and CD4+ cells were inhibited by E2F8. On the contrary, Treg cells,
TAMs, or exhausted T cells were promoted to in�ltrate in the TME. These results indicated that E2F8 may
play a vital role in immune escape in the lung cancer microenvironment.

To evaluate the effects of immune cell in�ltration on the prognosis of non-small cell lung cancer, the OS
analysis of immune in�ltration levels was performed including CD4+ T cells, CD8+ T cells, NK cells, Treg
cells, B cells, macrophages and cancer-associated �broblasts based on the TIMER database. The results
showed that high levels of CD4+ T cells, Treg cells and macrophages would lead to the worse outcomes
of patients (Figure 7).

The function of E2F family genes in LUAD and LUSC
progression.
As previously reported, EGFR plays the crucial role in the lung cancer progression and Ki-67 works as an
important mark to label the proliferation. Thus, we investigated the correlation of E2F family members
with EGFR and Ki-67 expression using the Gepia online tool. As shown in Figure 8A and 8B, EGFR
positively correlated with E2F2, E2F4, E2F6~8 and Ki-67 expression was signi�cantly associated with all
the E2F family members, which suggested that E2F family genes mostly contributed to the proliferation
of tumor cells. To detect the connections with other functional molecules, the network was constructed by
analyzing the E2Fs family genes and the 50 top frequently altered neighbor genes. We observed that the
cell cycle-related speci�c genes (CCNE1, CCNE2, CCNF, CDK2 and CDC7), proliferation-related genes
(PCNA), epigenetic alteration associated genes (EZH2 and FBXO5) were closely associated with E2F
family clusters (Figure 8C).

To identify the signaling pathways associated with E2F family genes differentially activated in LUAD and
LUSC, GO enrichment and Gene set enrichment analysis (GSEA) were conducted to obtain potential
biological process enriched in non-small cell lung cancer with high expression of E2F family genes.
Similar to the molecule networks, the GO enrichments indicated that the cellular growth associated
pathways were signi�cantly activated in LUAD and LUSC, such as Cell cycle, DNA replication, ATPase
activity, Mitotic Nuclear Division and Catalytic Activity on RNA (Figure 8D). All gene sets that positively or
negatively associated with E2F family genes were shown in Table 3. The result of GSEA revealed that
immune progresses were positively correlated with E2F family gene expression in LUAD and LUSC,
including the INFLAMMATORY_RESPONSE, ALLOGRAFT_REJECTION, IL6_JAK_STAT3_SIGNALING, and
HALLMARK_INTERFERON_ALPHA_RESPONSE pathway. Therefore, these results further con�rmed the
�ndings that E2F family genes were speci�cally correlated with tumor cell proliferation and immune
in�ltration in LUAD and LUSC.
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The scRNA expression of E2F family genes in non-small cell
lung cancer
To analyze the molecular features of malignant and non-malignant cells in the NSCLC, we obtained
12,193 single cells (GSE143423) from NSCLC based on the TISCH database. To classify the major cell
types in the tumor, we performed UMAP analysis and identi�ed seven major clusters: malignant cells,
CD8 T cells, Endothelial cells, Monocytes/macrophages, Oligodendrocytes, Pericytes and plasma (Figure
9A). To further explore the E2F family gene expression in each cluster, the used random forest6 analysis
was used to identify that E2Fs were mainly expressed in the malignant cells, of which E2F2 and E2F4
stated at the highest levels (Figure 9B). By analyzing differentially expressed genes among the clusters,
GO enrichment revealed that “E2F targets”, “G2M checkpoints” and “PI3K-AKT-MTOR”signaling pathways
were activated in the malignant cells (Figure 9C), which suggested that E2F family genes in malignant
cells signi�cantly correlated to the cell proliferation to promote tumor progression.

Discussion
Lung cancer remains the most common cause of cancer death in males and the second most common
cause in females, with an estimated 1.8 million deaths (18%) [28]. About 17.4% of patients can survive
more than �ve years following the initial diagnosis in the United States [7]. However, the average
outcomes are much worse in the developing regions with the percentage of about 10.6%. A part of cases
is diagnosed at about seventy years old [29].

The histopathology and molecular pathology have been applied in the diagnosis and classi�cation [30],
which is important to guide the management and prognostic evaluation. The prognosis estimates and
therapeutic strategies depend on the stages and the subgroup of lung cancer and the mutations of
speci�c genes [31], such as the epidermal growth factor receptor (EGFR) or the anaplastic lymphoma
kinase (ALK) [32, 33]. NSCLC is still the leading cause of cancer related mortality around the world. The
three main subtypes of NSCLC include LUAD, LUSC and large-cell carcinoma [4]. The 5-year survival rate
varies from 4 to 17%, relying on the cancer stage and geographical location [34]. The previous studies
always took all the subtypes into consideration, while in the current study we separated them based on
the subgroup to measure the gene expression and outcome information of LUAD and LUSC, respectively.
In spite of the advanced improvement in diagnostic and treatment management, the indicative biological
indexes for diagnosis at early stage and correlation with the clinicopathological features should be
further detected.

In the previous studies, the functions of E2F transcription factors have been reported in lots of cancers
[13]. Even though the role in the tumorigenesis and prognosis has been partially identi�ed, further
bioinformatic studies in the overall perspective should be performed. Especially, in the current study, we
not only focused on the gene expression and prognostic values of E2F family members, but also
investigated the association with immune cell in�ltration and the scRNA-seq pro�ling to highlight the role
of E2F family genes in affecting the tumor microenvironment. It has been reported that E2F family genes
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play the critical functions in the regulating the cell cycle, such as the G1/S transition in mammalian [35].
Based on the microarray analysis, the transcriptional targets of E2F members included the cyclin proteins,
CDKs, checkpoints mediators, DNA repair and replication regulators [36, 37]. However, the unique
database of targeted promoters indicated that each member has a unique role during the cell cycle period
[38].

Generally, according to the functions, E2F family genes are divided into two groups: transcript activators
and suppressors [11]. Amongst them, E2F1, E2F2 and E2F3a were considered as the activators, whereas
the six others act as the suppressing factors, including E2F4~8. The activators mainly promote the cell
cycle, while the suppressors inhibit the cell cycle and proliferation. But this is not absolute, it’s also
affected by other factors. For example, the upregulation of E2F8 promoted tumor cell growth in breast
cancer by modulating the G1/S phase transition [39]. In the current study, we also found that E2F8 was
signi�cantly associated with the poorer prognosis of LUAD patients and E2F6/7 impaired the in�ltration
of CD4+ and CD8+ T cells. E2F family genes share the similar domains. The DP1,2 heterodimerization
domains were detected in the E2F1-6 which allowed the transcription factors to bind to DP1/2.
Consecutively, binding to the DP1/2 provided a second DNA binding site to enhance the E2F binding
stability [40]. E2F8 binding to the pRB gene has been shown to mask the transactivation domain for
transcription activation [39]. For the suppressor E2F4 and E2F5, binding to p107 and p130 mediated the
recruitment of repression complexes to silence the targeted gene expression [41].

Another important aspect of the current study is that E2F family genes play an important role in
recruitment and regulation of immune in�ltrating cells [42]. Our results demonstrate that there is a
positive relationship between E2F8 expression level and in�ltration level of macrophages and DCs, and
signi�cantly positive correlation between in�ltration level of CD8+ T, CD4+ T cells and E2F1/2/7
expression in LUAD and LUSC. In addition, the signaling pathways associated with E2F family genes in
NSCLC by GSEA revealed that immune progress was positively correlated with expression. Cancer
immunotherapy via immune checkpoint blockade depends on releasing T cells from energy and
functional exhaustion to eliminate tumor cells [43]. The process of T cell recovery demands the
cooperation of the tumor microenvironment, the battle�eld between the immune system and tumor, where
T cells can be activated persistently to attack the tumor cells [44]. In this battle�eld, the interactions
between the tumor cells and in�ltrating immune cells are critical for the tumor response to immune
checkpoint blockade. Notably, the in�ltrating immune cells consist of various lymphocytes that can
attack the tumor cells or help the tumor cells survive the host immune system [45]. Previously, we
reported that PD-L1/PD1 were highly expressed in NSCLC and combination of pembrolizumab and 125I
attenuates the aggressiveness of this disorder [46]. Both PD-L1/PD1 and E2F family genes could
construct the immunosuppressive microenvironment.

In the current study, the gene expression and prognostic estimation of E2F family members in LUAD and
LUSC were comprehensively analyzed by utilizing the online servers, which provided a thorough
knowledge of the heterogeneity of lung cancer and the molecular characterization of E2F family
members. Our �ndings revealed that E2F1, E2F2 and E2F8 might promote the tumor growth and
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aggressiveness, which was evidenced by the overexpression at the bulk and single-cell resolution and
poor prognosis prediction. E2F4 and E2F6 might be considered as the potential outcome markers for the
improved treatment of LUAD and LUSC. The signi�cant positive correlation with immune cell in�ltration
suggested that E2F1, E2F3, E2F7 and E2F8 potentially affected the microenvironmental establishment,
which could act as the therapeutic targets in the future.
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Figure 1
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The mRNA expression of E2F family genes among divers human cancer types based on the TIMER
database. The boxplots showing the expression levels of E2F family genes. The red bars for the tumor
samples and blue bars for the adjacent normal samples. *p < 0.05, **p < 0.01, ***p < 0.001.
Adrenocortical carcinoma (ACC), bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA),
cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC), cholangiocarcinoma
(CHOL), colon adenocarcinoma (COAD), rectum adenocarcinoma esophageal carcinoma (READ), the
lymphoid neoplasm diffuse large B-cell lymphoma (DLBC), esophageal carcinoma (ESCA), glioblastoma
multiforme (GBM), glioma (GBMLGG), head and neck squamous cell carcinoma (HNSC), kidney
chromophobe (KICH), kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma
(KIRP), acute myeloid leukemia (LAML), brain lower-grade glioma (LGG), liver hepatocellular carcinoma
(LIHC), lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), mesothelioma (MESO),
ovarian serous cystadenocarcinoma (OV), pancreatic adenocarcinoma (PAAD), pheochromocytoma and
paraganglioma (PCPG), prostate adenocarcinoma (PRAD), sarcoma (SARC), skin cutaneous melanoma
(SKCM), stomach adenocarcinoma (STAD), stomach and esophageal carcinoma (STES), testicular germ
cell tumors (TGCT), thyroid carcinoma (THCA), thymoma (THYM), uterine corpus endometrial carcinoma
(UCEC), uterine carcinosarcoma (UCS) and uveal melanoma (UVM).
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Figure 2

Genetic variations and mRNA levels of E2F family genes in LUAD and LUSC. A. The genomic alteration of
E2F family including copy number missense mutation with unknown signi�cance (green), gene fusion
(purple), ampli�cation (red) and deep deletion (blue) were analyzed in LUAD and LUSC based on the
cbioportal database. B. The transcripts per million of E2F family genes in LUAD and LUSC based on the
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Gepia database. C. The expression of E2F family genes in the cancer and normal tissues of LUAD and
LUSC based on the Gepia database.

Figure 3

The correlation between E2F family gene expression and tumor stage in LUAD and LUSC based on the
Gepia database.

Figure 4

The expression of E2F1, E2F2 and E2F7 in LUAD and LUSC examined by immunohistochemistry.
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Figure 5

The association between E2F family genes and prognosis of LUAD and LUSC patients. The OS and RFS
analysis of E2F family genes was performed using Kaplan–Meier Plotter online tool.
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Figure 6

The correlation between E2F family genes and immune in�ltration level of CD8+ and CD4+ T cells based
on the TIMER database. The abscissa of scatterplots indicates the level of immune cell in�ltrations and
ordinate indicates the expression level of E2F family genes (log2 RSEM).
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Figure 7

The association between prognosis of non-small cell lung cancer patients and immune in�ltration levels.
The OS analysis of immune in�ltration levels was performed including CD4+ T cells, CD8+ T cells, NK
cells, Treg cells, B cells, macrophages and cancer-associated �broblasts based on the TIMER database.
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Figure 8

The association between the expression of E2F family genes and other functional factors in LUAD and
LUSC. A. The Pearson analysis was performed between E2F family genes and EGFR expression based on
the Gepia database. B. The Pearson analysis was performed between E2F family genes and MKI67
expression based on the Gepia database. C. The network for E2F family genes and the 50 most
frequently altered neighbor genes. D. GO enrichment analysis for E2F family genes in LUAD and LUSC.
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Figure 9

Single-cell RNA sequence analysis of non-small cell lung cancer. A. UMAP analysis of 23,892 cells of non-
small cell lung cancer. B. The expression of E2F family genes in the UMAP at the single cell resolution. C.
The activated signaling pathway based on the expression of E2F family genes in the UMAP.


