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Abstract: Although the abnormal expression of members of the E2F family has been reported to participate in 
carcinogenesis in many human types of cancer, the bioinformatics role of the E2F family in melanoma is unknown. 
This research was designed to detect the expression, methylation, prognostic value and potential effects of the 
E2F family in melanoma. We investigated E2F family mRNA expression from the Oncomine and GEPIA databases 
and their methylation status in the MethHC database. Meanwhile, we detected the relative E2F family expression 
levels by qPCR and immunohistochemistry. Kaplan-Meier Plotter was used to draw survival analysis charts, and 
gene functional enrichment analyses were applied through cBioPortal database analysis. E2F1/2/3/4/5/6 mRNA 
and proteins were clearly upregulated in cutaneous melanoma patients, and high expression levels of E2F1/2/3/6 
were statistically related to high methylation levels. Increased mRNA expression of E2F1/2/3/6 was related to lower 
overall survival rates (OS) and disease-free survival (DFS) in cutaneous melanoma cases. Meanwhile, E2F1/2/3/6 
carried out these effects through regulating multiple signaling pathways, including the MAPK, PI3K-Akt and p53 sig-
naling pathways. Taking together, our findings suggest that E2F1/2/3/6 could act as potential targets for precision 
therapy in cutaneous melanoma patients.
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Introduction

Melanoma is one of the most aggressive skin 
cancers, of which the pathogenic mechanisms 
remain unclear, as both environmental and 
genetic factors could contribute to its develop-
ment. Cutaneous melanoma (CM) is one of the 
most prevalent skin malignancies, and its inci-
dence and mortality are increasing around the 
world. According to the cancer statistics data 
from the National Center for Health Statistics 
(NCHS), an estimated 96,480 new CM cases 
and approximately 7,230 deaths due to CM 
occurred in the United States in 2019 [1].

CM is a heterogeneous and complex type of 
cancer whose main risk factors are: immunode-
ficiency, hereditary alterations and exposure to 
ultraviolet radiation (UVR) [2]. Although clinical 
diagnosis, surgical treatment, and drug therapy 
including immunotherapy and targeted therapy 

have made great progress, the overall survival 
rates for patients diagnosed with CM remain 
poor. Thus, it is urgent to investigate the initia-
tion and developmental mechanisms in CM and 
to find novel combined molecular markers that 
may function as therapeutic or prognostic tar-
gets for CM.

E2Fs are a class of transcription factors that 
encode a family of transcription factors (TFs)  
in higher eukaryotes [3]. E2Fs are divided into 
two subgroups according to their structures 
and functions: 1) transcriptional activator pro-
tein-containing: E2F1, E2F2 and E2F3; and  
2) transcriptional suppressor factors including 
E2F5, E2F6, E2F7 and E2F8 [3, 4]. In published 
research, E2Fs acted as an oncogene in some 
CM carcinogenesis [5, 6]. For instance, E2F1 
mRNA expression was upregulated in melano-
ma, and the downregulation of E2F1 decreased 
the sensitivity of melanoma A375 cells to tar-
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geted therapy, and it also induced the death of 
melanoma cells resistant to BRAF inhibitors [5]. 
E2F3 is highly expressed in melanoma, promot-
ing tumor progression through regulating the 
cell cycle and acting as an important regulator 
of melanoma therapy [6]. However, the expres-
sion patterns, methylation status, relative sur-
vival analysis and potential mechanisms of the 
E2F family in CM remain unknown.

RNA and DNA exploration, a significant constit-
uent of biomedical and biological research, has 
been undergoing milestone development with 
the rapid progression of RNA-sequencing tech-
nology and microarrays [7, 8]. In this research, 
using online gene expression analyses, qRT-
PCR and immunohistochemistry, we detected 
the expression patterns, methylation status, 
relative survival analysis and potential mecha-
nisms of E2F factors in CM patients to further 
clarify the effects of E2Fs in the etiopathogen-
esis and pathophysiological of CM.

Materials and methods

All clinical samples (40 CM and adjacent sam-
ples) were collected between 2006 and 2010 
in the Department of Dermatology, Chongqing 
First People’s Hospital and Chongqing Tradi- 
tional Chinese Medicine Hospital. None of the 
patients received any radiotherapy or chemo-
therapy or used corticosteroid drugs before the 
operation and every patient signed the informed 
consent form. This research was permitted by 
the Hospital Bioethics Ethics Committee and it 
also conformed to the principles expressed in 
the Helsinki declaration.

Oncomine analysis

The Oncomine Platform (www.oncomine.org) 
provides solutions for individual researchers 
and multinational companies with robust, peer-
reviewed analysis methods and a powerful set 
of analysis functions that compute gene ex- 
pression signatures, clusters and gene-set 
modules, automatically extracting biological 
insights from the data. The database was 
applied to analyze relative E2Fs mRNA expres-
sion levels in cutaneous melanoma. The thresh-
old settings were as below: P-value = 0.0001; 
fold-change = 2; THRESHOLD: top 10% and 
data type: mRNA. Analysis of different expres-
sion levels between the CM tissues and normal 

samples datasets was carried out for the E2Fs 
genes. 

GEPIA dataset analysis

GEPIA2 is a web server for detecting the RNA 
sequencing expression data, which contain 
9,736 tumors and 8,587 normal specimens 
from the TCGA (The Cancer Genome Atlas) and 
the GTEx (Genotype-tissue Expression data- 
set) projects. All the datasets on the server  
are computed by a standard pipeline and are 
compatible with each other. This platform 
allows users to perform all expression analy-
ses, including expression analyses, cancer sub-
types analyses, signature score analyses, sig-
nature score analyses, survival analysis, similar 
genes detection, correlation analysis and dif-
ferential analysis [9].

Quantitative RT-PCR (qRT-PCR)

qRT-PCR was performed as described previ-
ously [10]. Total RNA of clinical tissues was  
isolated by using TRIzol reagent (Thermo Fi- 
sher). Then, 2 μl separated RNA was reverse 
transcribed using the PrimeScript™ Reverse 
Transcription System with cDNA Eraser (Ther- 
mo Fisher) based on the manufacturer’s inst- 
ructions. qRT-PCR was carried out using an  
ABI Prism 7500 Sequence Detection System 
(Applied Biosystems, Foster City, CA, USA). All 
PCR products were sequenced to confirm that 
the correct products were obtained. The experi-
ments were repeated three times and the prim-
ers used are listed in Supplementary Table 1.

Immunohistochemistry (IHC)

Paraffin sections of preserved CM cancer sam-
ples and adjacent cancer tissue were subject-
ed to immunohistochemistry to detect the 
expression of E2Fs proteins. E2Fs staining was 
based on the protocols of the VECTASTAIN® 
Elite ABC-Peroxidase KitElite ABC (Vector La- 
boratories, USA). Anti-E2Fs antibody (1:100, 
Abcam, UK) was selected as the primary anti-
body. Goat Anti-Rabbit IgG H&L (HRP) (1:1000, 
Biyuntuan, China) was selected as the second 
antibody. The primary antibody was incubated 
overnight at 4°C and the second antibody was 
incubated for 2 hours at 37°C. The slides were 
analyzed using a Leica TCS SP5 microscope 
(Leica microsystem) under five random fields 
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(400×) with the LAS AF Lite 4.0 image browser 
software [10].

MethHC dataset analysis

MethHC is a database containing a systematic 
integration of a series of DNA methylation da- 
ta and mRNA/microRNA expression profiles of 
human cancer [11]. The database contains 18 
human cancers in more than 6000 samples, 
6548 microarrays and 12,567 RNA sequenc- 
ing datasets, and could help authors to analy- 
ze epigenetic patterns that are essential for 
carcinogenesis.

cBioPortal analysis

The cBioPortal is a web platform of “gene-
based” visualizations and analyses and it pro-
vides information related to cancer study and 
genomic profiles, such as mutations and copy 
number alterations, patients’ case sets and 
gene sets of interest [12]. The genomic profiles 
of the E2F family gene alterations, including 
mutations, overall survival status, mRNA ex- 
pression z-scores (RNA Seq V2 RSEM), protein 
expression Z-scores (RPPA) and co-expression 
network were analyzed based on the cBioPor-
tal’s online database [13].

Statistical analysis

We used GraphPad Prism 8 and SPASSl7.0 
software to analyze the data in this study. The 
measurement data were expressed as the 
mean ± standard deviation. The comparison 
between the two groups was conducted by 
using t-tests and chi-square tests. The rela- 
tionship between the E2Fs expression and 
prognosis was analyzed by Kaplan-Meier sur-
vival curves. P < 0.05 means that the differ-
ence is statistically significant.

Results

Expression patterns of E2Fs in patients with 
CM

We first analyzed all of the E2F1-E2F8 mRNA 
expression levels in human CM by utilizing the 
Oncomine database. Through comparing rela-
tive mRNA levels of E2F between normal and 
cancer samples, we found that E2F1 and E2F3 
mRNA were upregulated in melanoma (Figure 
1), while no obvious differences in expression 
were found in E2F2, E2F4, E2F5, E2F6, E2F7, 
or E2F8 mRNA. However, we further analyzed 

the mRNA levels of the E2Fs in detail, and we 
found that in 6/8 genes, E2Fs mRNA expres-
sion was statistically upregulated in CM in five 
datasets with the following thresholds: P value 
= 0.0001; fold change = 2; gene rank = 10%.  
In the Talantov Melanoma database [14], E2F1 
mRNA was upregulated in CM compared to nor-
mal skin with a fold change of 1.797 and P = 
2.2×10-4 (Reporter: 2028_s_at) and a fold 
change of 2.731 and P = 7.67×10-5 (Reporter: 
204947_at). E2F2 mRNA was up-regulated in 
CM compared to normal skin in the Talantov 
Melanoma database [14] with a fold change of 
1.588 and P = 0.006 (Reporter: 2028_s_at) 
and a fold change of 2.731 and P = 7.67×10-5 
(Reporter: 207042_at). E2F3 mRNA was up- 
regulated in the Riker Melanoma [15] and the 
Talantov Melanoma [14] databases with a 
p-value < 0.005. In Haqq Melanoma [16], E2F4 
and E2F5 mRNA expression were obviously up- 
regulated in CM with a p-value < 0.005 while 
E2F4 mRNA was also overexpressed in the 
Talantov Melanoma [14] database. E2F7 over-
expression was also found in CM with a fold 
change of 1.985 and P = 7.67×10-5 (Reporter: 
228033_at) in Riker Melanoma [15]. However, 
there were no available results observed for 
E2F6 and E2F8 expression in CM. The data are 
shown in Supplementary Table 2.

E2Fs expression and clinicopathological char-
acteristics of CM patients

Transcriptional mRNA expression of E2F1-E2F8 
between CM and normal skin samples was 
detected through analyzing the GEPIA dataset. 
The outcomes indicated that the relative mRNA 
levels of E2F1, E2F3, E2F5 and E2F7 in CM tis-
sues were upregulated compared with normal 
samples with P < 0.01 (Figure 2A, 2B), while 
the expression pattern levels of E2F2, E2F4, 
E2F6 and E2F8 between CM and normal tis-
sues had no significant difference when the 
cutoff was P < 0.01 (Figure 2A, 2B). We thus 
examined the relative E2F expression in CM 
and the results showed only E2F7 and E2F8 
expression were related to the clinical stages  
in CM (Figure 3A). Furthermore, we detected  
E2F mRNA expression in CM and adjacent sam-
ples by qRT-PCR and found that the mRNA lev-
els of the E2Fs factors were higher in CM sam-
ples than in the adjacent ones, with P < 0.001 
(Figure 3B). There were selected difference  
of CM samples pathological stages and also 
cutoff values, thus the gene expression was  
difference among different databases. How- 
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ever, we examined E2Fs protein levels through 
IHC, and found that the protein expression of 
E2F1, E2F2, E2F3, E2F6 and E2F7 were statis-
tically upregulated in CM samples (Figure 4A, 
4B). Taken together, abnormally high expres-
sion of E2Fs in CM may have a key role in CM 
progression. 

E2Fs expression and the prognosis of CM pa-
tients

Survival plots were used to explore the correla-
tion between the E2Fs mRNA levels and the 
survival of CM patients (Figure 5A-C). We first 
examined the survival of 40 CM patients and 
discovered that the E2F1, E2F2, E2F3, E2F4 
and E2F6 expression levels were statistically 
associated with cumulative survival (Figure 
5A). Furthermore, we verified the potential sur-
vival condition of these genes in the GEPIA 
dataset, and the results showed that E2F1, 
E2F2, E2F3 and E2F6 displayed statistical rela-

tionships with relatively worse overall survival 
(OS) rates, whereas only high expression of 
E2F3 and E2F6 mRNA were significantly corre-
lated with lower disease-free survival (DFS) 
with p-values < 0.05 (Figure 5B, 5C). These 
findings indicated that high E2F1/2/3/4/6 
mRNA expression levels were closely associat-
ed with a relatively poor prognosis of CM, which 
was consistent with the published research [5, 
6].

Methylation of the E2F promoter in CM

Aberrant promoter methylation is a common 
mechanism involved in carcinogenesis [17, 18]. 
To determine whether the overexpression of 
E2F family transcription factors is connected 
with promoter methylation, we further investi-
gated the methylation level of the E2F promoter 
in CM tissues by analyzing the online MethHC 
dataset and the results revealed E2F1, E2F2, 
E2F3 and E2F6 were hypomethylated in 374 

Figure 1. The transcription levels of E2F factors in different types of cancers (ONCOMINE).
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cutaneous melanoma samples compared wi- 
th normal tissues with P < 0.05 (Figure 6A). 
Additionally, data taken from the MethHC data-
set showed that overexpression of E2F1, E2F2, 
E2F3, E2F5 and E2F6 were correlated with the 
promoter CpG methylation status with P < 0.05 
(Figure 6B). Altogether, abnormal methylation 

of E2F family transcription factors in CM is 
involved in melanoma carcinogenesis.

Genetic alteration, co-expression and interac-
tion analyses of E2Fs in CM

The cBioPortal database was applied to exam-
ine E2F genetic alterations, correlations, and 

Figure 2. The expression of E2F family members in CM patients (GEPIA). A. Boxplot of E2Fs mRNA expression levels 
in CM; the p-value was set at 0.01. B. Transcripts per million (TPM) of E2Fs mRNA in CM; the p-value was set at 0.01.
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Figure 3. The expression of E2F family members in CM patients. A. Violin plot shows a correlation between E2F expression and tumor stage in CM patients (GEPIA); 
the p-value was set at 0.01. B. qRT-PCR showing E2Fs mRNA in CM and adjacent tissues.
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networks simultaneously. The 448 samples 
obtained from the TCGA database (PanCan- 
cerAltas) were used in this study. As shown in 
Figure 7A, the rates of genetic alterations in 
E2Fs numbers for CM averaged from 1.6 to 
26% individually (E2F1, 9%; E2F2, 7%; E2F3, 
26%; E2F4, 8%; E2F5, 7%; E2F6, 8%; E2F7, 
1.6%; E2F8, 2.9%; (Figure 7A). Meanwhile, we 
analyzed the mRNA expression relationship of 
E2Fs factors individually through using the 
cBioPortal online tool, and the results indicat- 
ed statistical significance as follows: E2F1  
with E2F4, E2F6; E2F2 with E2F4, E2F7 and 
E2F8; E2F5 with E2F7; E2F6 with E2F7; and 
E2F7 with E2F8 (Figure 7B). Moreover, STRING 
network analysis was applied to verify the  
protein interactions with every family member, 

and the outcomes also showed that E2Fs in- 
teracted with each other in CM progression 
(Figure 7C). Meanwhile, we thus found a con-
nection between E2F family members and 
cutaneous melanoma-related downstream ge- 
nes, including TP53, ESR1, MAP2K1, MAP3K3, 
MAP3K1, SMAD4, SMARCD1, STK11, CCND1, 
etc. Whereas the PPI network is composed of 
40 nodes and 76 edges (average node degree 
of 1.15 and an average local clustering coeffi-
cient of 0.313) (Figure 7D). From this net- 
work, we found E2F1/2/3/6 directly interact- 
ed with SETD2, KRAS, MYC, PTEN, MAP3K13, 
CDKN2A, and AKT1. Among the related gen- 
es, PTEN, APC, CDKN2A and TP53 were identi-
fied as tumor suppressor genes [19-22]. KRAS 
and CASP8 were confirmed as oncogenes in 

Figure 4. The expression of E2Fs in CM (IHC). A. The protein expression of E2Fs in CM andadjacent tissues. B. Histo-
gram showing relative optical density, all of the results are shown as the mean ± SEM, ***P < 0.001.
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multiple cancers [23, 24]. Associated with the 
linkage verification of the PPI network, we thus 
speculated that E2F1/2/3/6 directly and indi-
rectly reacted with SETD2, KRAS, MYC, PTEN, 
MAP3K13, CDKN2A, AKT1, etc., which are im- 
portant components of the PI3K-Akt, MAPK 
and p53 signaling pathways (Supplementary 
Figure 1). Taken together, high-frequency mu- 
tations of E2F1/2/3/6 were confirmed in CM, 
indicating that the tumor-related functions of 
E2F1/2/3/6 depend on the synergistic effects 

of the oncogenes and tumor-suppressing ge- 
ne.

Discussion

Abnormal dysregulation of E2Fs was demon-
strated to participate in multiple cancers [5, 6]. 
E2Fs are either oncogenes or tumor suppres-
sor genes in carcinogenesis and pathophysio-
logical processes. However, their expression 
profiles and a bioinformatics analysis of CM 

Figure 5. The prognostic value of the mRNA level of E2F factors in CM (GEPIA). A. Kaplan-Meier analysis indicated 
that overall survival rates of E2F family member expression in CM, p-value of < 0.05. B. The overall survival rates 
of E2F family member expression in CM were plotted using the Kaplan-Meier plotter database at a threshold of a 
p-value of < 0.05. C. The disease-free survival of E2F family member expression in CM was plotted using the Kaplan-
Meier plotter database at a threshold of a p-value of < 0.05.

Figure 6. The methylation status of E2F genes in CM (MethHC). A. The methylation status of E2F factors in CM tis-
sues and normal tissues, a P-value of < 0.05. B. Correlation analysis between E2Fs mRNA expression and methyla-
tion levels by Spearman’s correlation analysis, respectively. 
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Figure 7. Relative levels of E2F factors and mutation analysis in CM (cBioPortal). A. Summary of alterations in E2Fs genes. B. Correlation analysis of E2F by heatmap. 
C. Gene-gene interaction network among E2F factors in the cBioPortal database. D. The protein-protein network for E2F factors in CM was analyzed via a protein-
protein interaction (PPI) network.
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have not been reported until now. The purpose 
of our research was to detect the possible con-
nections among E2Fs expression, methylation, 
prognostic values and possible mechanisms in 
CM. We hope that our findings will help to offer 
new cognitive perspectives and normative han-
dling methods, and enhance the precision of 
molecular diagnostic levels in CM patients.

Among the E2Fs genes, E2F1 is the most inves-
tigated in cutaneous melanoma. There is some 
controversial research about E2F1 in CM carci-
nogenesis since E2F1 can act as either an acti-
vator or inhibitor in cancer progression [25, 
26]. E2F1 induces cell cycle G1 to S phase tran-
sition via abnormal activating different genes 
transcription, including chromosomal DNA rep-
lication and its promoter [26]. E2F1 induced 
migration and invasion through regulating MY- 
LK transcription and the associated changes in 
the stress fibers of the cytoskeleton [27]. Vijay 
Alla [28] found that high expression of E2F1 
mRNA was common in high-grade cancers, 
which is related to poor patient survival. In our 
study, data from the Oncomine, TCGA datasets 
and qPCR showed E2F1 mRNA was highly 
expressed in human CM tissues compared to 
normal tissues. However, E2F1 expression is 
not related to tumor grade. Further, we found 
that highly expressed E2F1 RNA was associat-
ed with a worse OS, which is similar to the find-
ings of a previous report [5].

E2F2 and E2F3 were also reported to act as 
tumor suppressors according to published stu- 
dies [29, 30]. For instance, E2F2 mRNA and 
protein levels were upregulated in nonsmall ce- 
ll lung cancer (NSCLC) and acted as an activa-
tor of the tumor progression of NSCLC [31]. In 
other literature, E2F2 inhibited embryo fibro-
blast cell proliferation and decreased expres-
sion of E2F2 suppressed cell viability in breast 
cancer [32]. E2F3 played a key role in regulat-
ing the transcriptional effects of multiple can-
cers [6, 29]. For example, E2F3 served to tr- 
ansactivate HIF-2α transcription and promoted 
clear cell renal cell carcinoma cell proliferation 
by influencing the E2F3-HIF-2α interaction [29]. 
Additionally, E2F3 was upregulated in human 
melanoma, and knocking down E2F3 gene ex- 
pression could inhibit cell viability and cause 
cells to arrest in G0 phase [29]. In our research, 
E2F2 and E2F3 mRNA were highly expressed in 
CM samples. Notably, the upregulation of E2F2 
mRNA was obviously related to lower OS rates, 

while a relatively high level of E2F3 mRNA 
showed a reduced OS and DFS rate.

As transcriptional suppressors of E2F mem-
bers, E2F4 and E2F5 were reported to regu- 
late cell viability, cell cycle or cellular transfor-
mation procession with a dimerization partner 
and inhibitory pocket proteins (Rbs) [33]. E2F4 
interacted with chromatin regulators associat-
ed with gene activation and regulated tran-
scriptional activation in embryonic stem cells 
independently of the RB family [34]. In another 
study, E2F4 could influence acute myeloid leu-
kemia [35], breast cancer [36], bladder cancer 
[37], and some benign diseases [38] progres-
sion. E2F5 was confirmed to act as a trans- 
criptional target in the pathogenesis of hepato-
cellular carcinoma [39], ovarian cancer [40], 
gastric cancer [41] and colon cancer [42]. 
However, the expression and prognostic role of 
E2F4 and E2F5 in CM have not been reported. 
Here, we found that E2F4 and E2F5 were high- 
ly expressed in CM samples, but their expres-
sion was not statistically associated with CM 
tumor stage, OS or DFS. The detailed function 
of E2F4 and E2F5 in CM needs to be further 
investigated.

E2F6, one of the unique E2F transcription 
members, participates in the control of a large 
number of genes by activating or repressing 
mechanisms regarding breast cancer [43], 
ovarian cancer [44], endometrial carcinoma 
[45] and lung cancer [46]. Until now, there was 
no research related to the effect of E2F6 in CM. 
We found E2F6 mRNA and protein expression 
were upregulated in CM samples compared to 
normal tissues. Meanwhile, high expression of 
E2F6 mRNA levels was related to CM patients’ 
OS and DFS, which suggests it could be a new 
diagnostic and treatment target in CM.

E2F7 and E2F8 possessed analogous tumor-
restraining effects while there was a differen- 
ce in molecular mechanisms [47-49]. Although 
there was no research reporting its expression 
and roles in CM, our studies revealed that high 
expression of E2F7 and E2F8 were related to 
tumor stage, but apart from an association with 
OS and DFS. Thus more molecular assays are 
needed to reveal the possible functions of 
E2F7 and E2F8 in CM.

DNA methylation is an important epigenetic 
mechanism that plays an important role in reg-
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ulating gene expression and other biological 
behaviors. Aberrant DNA promoter methylation 
participates in the alteration of multiple onco-
logical pathways with relevant theranostic utili-
ty in almost all tumors [50, 51]. The detection 
of promoter methylation is an important in- 
dicator of tumor prognosis. In this study, we 
found that E2Fs were hypomethylated in CM 
samples and high expression of E2F1/2/3/6 
was correlated with the promoter CpG methyla-
tion status, suggesting that E2F1/2/3/6 were 
acting as oncogenes in CM progression. Mu- 
ltiple signaling pathways are involved in CM  
progression, including the Wnt/β-catenin path-
way [52], the MITF/IFNγ pathway [53] and the 
AKT pathway [54]. In this research, we noticed 
that E2F1/2/3/6 interacted with MAP3K1, 
MAP3K11, PTEN, MYC, and et al., which are 
involved in the PI3K-Akt, p53 and MAPK signal-
ing pathways, respectively. The above results 
indicated that the MAPK, PI3K-Akt and p53  
signaling pathways participated in E2Fs regu- 
lation of CM. Thus, the possible following bold 
assumption could be proposed: transcription- 
al E2F1/2/3/6 are potential prognostic bio-
markers and may play a key role through influ-
encing the MAPK, PI3K-Akt and p53 signaling 
pathways.

In our research, we found that the upregulation 
of E2F1/2/3/6 in CM samples regulates CM 
oncogenesis, and they may be promising diag-
nostic biomarkers for CM. Meanwhile, the ab- 
normal high expression of E2F1/2/3/6 is sta-
tistically related to DNA promoter methylation, 
OS and DFS, hinting that they may also func- 
tion as prospective diagnostic and therapeutic 
markers in CM. 
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Supplementary Table 1. List of qRT-PCR primers used in this research
Gene Forward Reverse
E2F1 AGCATGATCCGAGATGTGGAA TGCTCGCACGATCGTAGCCCT
E2F2 ACGATGTCGATGCTAGCGTGG CGTCGTACCCAACTGCTAGCT
E2F3 ACGTCGTAGCTGATGGGCAGT CGGTGTACGTACCAAAACTG
E2F4 ACAAATGCATGGGTCCGTCGA GACATGCCGCCTGGAGAAAC
E2F5 ACGTGGACTGGCCCAACTGCC GACATGCCGCCTGGAGAAAC
E2F6 CGCGTAGCTACGCTACAGCTAC ACGTGATCGTAGCTGATCGCC
E2F7 CACACACGTTAAACACCAACCT CGTGTGGGGCACGTGGCAAC
E2F8 ACAAAGTGCGGTCACGTTTCAT ACGATCGATGCTGATCGCGA

Supplementary Table 2. The expression of E2Fs expression in transcription level between cutaneous 
melanoma and normal tissues (ONCOMINE database)

Gene Dataset Reporter Cutaneous melanoma vs. Normal
(no. of cases) Fold-change t-Test P-value

E2F1 TalantovMelanoma (15) 2028_s_at Cutaneous Melanoma (45) vs. Skin (7) Over-expressed 1.797 5.583 2.2.×10-4

TalantovMelanoma (15) 204947_at Cutaneous Melanoma (45) vs. Skin (7) Over-expressed 2.731 5.615 7.67×10-5

E2F2 TalantovMelanoma (15) 207042_at Cutaneous Melanoma (45) vs. Skin (7) Over-expressed 1.588 2.965 0.006

E2F3 Riker Melanoma (16) 203692_s_at Cutaneous Melanoma (14) vs. Skin (4) Over-expressed 1.938 3.612 0.005

Riker Melanoma (16) 203693_s_at Cutaneous Melanoma (14) vs. Skin (4) Over-expressed 3.146 5.055 6.98×10-5

TalantovMelanoma (15) 203692_s_at Cutaneous Melanoma (45) vs. Skin (7) Over-expressed 2.648 10.756 1.03×10-6

TalantovMelanoma (15) 203693_s_at Cutaneous Melanoma (45) vs. Skin (7) Over-expressed 3.687 9.609 4.49×10-6

E2F4 Haqq Melanoma (17) AA448641 (2) Cutaneous Melanoma (6) vs. Skin (3) Over-expressed 3.987 1.510 0.003

TalantovMelanoma (15) 38707_r_at Cutaneous Melanoma (45) vs. Skin (7) Over-expressed 1.290 3.349 0.006

E2F5 Haqq Melanoma (17) AA455521 Cutaneous Melanoma (6) vs. Skin (3) Over-expressed 4.479 4.077 0.003

E2F6 N/A

E2F7 Riker Melanoma (16) 228033_at Cutaneous Melanoma (14) vs. Skin (4) Over-expressed 1.985 2.192 0.026

E2F8 N/A
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Supplementary Figure 1. Cutaneous melanoma downstream signal pathways regulated by the E2Fs alteration (cBioPortal).


