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Abstract. E2F transcription factor 3 (E2F3), a member of the 
E2F transcription factor family and a member of the genes 
involved in the regulation of cell cycle, is an oncogene with 
strong proliferative potential. E2F3 is involved in many 
processes and plays important roles in the development of 
several types of cancer, while its relationship with prognosis 
in hepatocellular carcinoma (HCC) has yet to be reported. In 
the present study, based on 4 independent microarray data sets 
which covered 385 cases of HCC and 327 cases of normal livers 
retrieved from the Oncomine database, we demonstrated that 
E2F3 was upregulated at least 1.5-fold and on average 2.3-fold 
in HCC when compared with normal controls. Comprehensive 
bioinformatics analysis consisting of protein-protein interac-
tion, gene co-occurrence, microRNA-mRNA interaction and 
biological process annotation indicated that E2F3 interacted 
with a large number of genes, proteins and microRNAs which 
were all associated with poor prognosis in patients with HCC 
and other types of cancer, suggesting that E2F3 may also serve 
as a biomarker for poor prognosis. Taken together, for the first 
time, we show that the overexpression of E2F3 may be associ-
ated with unfavorable prognosis in HCC.

Introduction

Hepatocellular carcinoma (HCC) is the third leading cause 
of cancer-related mortality worldwide, owing to a very high 

mortality to incidence ratio of 0.93 (1). Surgery, including liver 
transplantation, remains the only curative modality for HCC. 
However, despite resection with curative intent, the clinical 
course is variable and the long term prognosis is poor with 
reported 5-year survival rates ranging from 17 to 53% (2). 
There is an ongoing search for predictive biomarkers of cancer 
prognosis, where, among others, protein biomarkers, mRNA 
expression level, pathological parameters, clinicopathologic 
parameters and genomic DNA abnormalities are surveyed (3-5). 
Among all the biomarkers of HCC prognosis, mRNA expres-
sion level of some genes is associated with prognosis of patients 
with HCC, including tumor-suppressor and promoter genes, 
genes involved in growth inhibition and apoptosis, genes regu-
lating DNA damage, cell cycle regulators, genes responding to 
the cell invasion and metastasis, genes responsible for cell-cell 
interaction (2). Among other things, a large number of genes 
regulating cell cycle have been proven to be associated with 
prognosis in HCC patients. For instance, overexpression of 
cyclin A, D1, and E has been found to correlate with the relapse 
of HCC and are independent predictive markers for recurrence 
and prognosis (6,7). In addition, Singhal et al (2) reported that 
p15, p16, p18, p19, p21, p27 and p57, which were all potent 
negative cell cycle regulators inhibiting the G1/S transition, are 
associated with prognosis in patients with HCC.

E2F is a family of transcription factors that, in coordina-
tion with DP and pocket proteins [retinoblastoma protein 
(pRB), p107, p130], regulates the G1/S-phase transition of cell 
cycle (8) and its activity is regulated by the pRB, a tumor-
suppressor that is functionally inactivated in most human 
tumors (9-11). E2F transcription factors have been proven to be 
associated with prognosis in cancer. For example, high expres-
sion of E2F1 and E2F2 was associated with poor prognosis in 
breast cancer (12,13), and the expression of E2F4 is associated 
with poor prognosis in HCC (14). Although E2F transcription 
factor 3 (E2F3), a member of E2F transcription factors, plays 
important roles in the development of HCC and other types of 
cancer, its role in prognosis in patients with HCC and other 
types of cancer has not been reported. In the present study, on 
the basis of comprehensive bioinformatics analyses, we illus-
trated that the overexpression of E2F3 may be a biomarker for 
prognosis in patients with HCC.
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Materials and methods

The target gene, E2F3, which is a member of the genes 
involved in the regulation of cell cycle (KEGG map 04110) 
according to the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway maps (http://www.genome.jp/kegg/pathway.
html) (15) was selected for bioinformatics analysis.

The microarray data of E2F3 were retrieved from the Onco- 
mine online database (https://www.oncomine.org/resource/
main.html) (16); the protein-protein interaction network was 
generated using GeneMANIA online tool (http://www.gene-
mania.org/) (17); the microRNAs (miRNAs) targeted to the gene 
were predicted by miRWalk online tool which included 9 predic-
tion tools such as TargetScan (http://www.umm.uni-heidelberg.
de/apps/zmf/mirwalk/) (18); annotation of biological processes 
and gene co-occurrence were performed using the Coremine 
online tool (http://www.coremine.com/medical/) (19).

Results

Functions of E2F3 in cancer. E2F3 can specifically bind to 
pRB in a cell cycle-dependent manner and has a central role in 
linking cell cycle proteins, such as cyclin-dependent kinases 
(CDKs), cyclins and pRB, to the expression of a variety of 
genes involved in cell cycle progression and cellular prolifera-
tion (9,11). In addition, as an oncogene with strong proliferative 
potential, E2F3 modulates different genes that play a crucial 
role in DNA synthesis, transcription and signal transduction, 
and it is regularly dysregulated or overexpressed in cancer (20). 
It has been proven that E2F3 is involved in many processes 
during cancer development, such as cell proliferation, DNA 
damage, apoptosis and drug resistance. Using both in vitro 
and in vivo approaches, Martinez et al (21) demonstrated that 
E2F3 functions as a master regulator of the DNA damage 
response and is required for DNA damage-induced apoptosis. 
Amplification and overexpression of the E2F3 gene in human 
bladder cancer is associated with increased tumor stage, grade 
and proliferation index and, in prostate cancer, E2F3 overex-
pression is linked to tumor aggressiveness. For both bladder 
and prostate cancer, overexpression of the E2F3 protein may 
cooperate with removal of the E2F inhibitor tumor-suppressor 
pRB to drive cellular proliferation. Thus, E2F3 is considered 
to have a critical role in modifying cellular proliferation rate 
in human bladder and prostate cancer (22). In addition, down-
regulation of miR-200b may lead to E2F3 overexpression and 
in turn contribute to decreasing the sensitivity of lung adeno-
carcinoma cells to docetaxel (23).

Studies on E2F3 with HCC are limited. Only few studies 
indicated that E2F3 may play important roles in the develop-
ment of liver cancer. miR-195 can block the G1/S transition 
by suppressing Rb-E2F signaling through targeting multiple 
molecules including E2F3, suggesting that E2F3 plays impor-
tant roles in cell cycle control and in the molecular etiology of 
HCC (24). The inhibition of expression of miRNAs miR-34a, 
miR-127, miR-200b and miR-16a is involved in the regulation 
of apoptosis, cell proliferation, cell-to-cell connection and 
epithelial-mesenchymal transition, while the mechanistic link 
between these alterations in miRNA expression and the devel-
opment of HCC was mediated by the corresponding changes 
in the levels of E2F3, NOTCH1, BCL6, ZFHX1B and BCL2 

proteins targeted by these miRNAs. These results indicate 
that E2F3 may be associated with apoptosis, cell proliferation, 
cell-to-cell connection and epithelial-mesenchymal transition 
in HCC (25).

E2F3 is involved in many processes and plays key roles 
in cancer, while its relationship with HCC is limited and its 
associations with prognosis in cancer are rare, with only one 
study indicating that E2F3 may be an independent factor 
predicting overall survival and cause-specific survival in 
prostate cancer (26). Thus, in the present study, based on the 
comprehensive bioinformatics analysis, we elucidated that the 
overexpression of E2F3 may be associated with prognosis in 
patients with HCC.

E2F3 is overexpressed in HCC. The relative expression of E2F3 
in HCC and normal livers was analyzed based on the array 
data retrieved from the Oncomine online database. As shown 
in Fig. 1, on the basis of 4 independent microarray data sets 
which covered 385 cases of HCC and 327 cases of normal livers, 
we revealed that E2F3 was upregulated in HCC when compared 
with normal controls, with at least 1.5-fold and on average 
2.3-fold changes. This result indicated that E2F3, an oncogene, 
may play significant roles in the development of HCC and its 
overexpression in tumors may be associated with prognosis.

E2F3 interacts with tens of proteins associated with poor 
prognosis in HCC. Protein-protein interactions of E2F3 with 
other proteins were analyzed using GeneMANIA online 
tool. As shown in Fig. 2, E2F3 had direct interactions with 
a total of 16 proteins and, among them, E2F3 co-expressed 
with FOXC1, KL, NFYA, KIF14, FOXM1, WHSC1 and 
NCAPH, co-expressed and co-localized with BUB1B and 
DKC1, co-localized with PLK4, SPAG5, CCNA2 and RUNX1, 
co-expressed and shared protein domains with E2F1 and E2F2 

Figure 1. The relative expression of E2F3 in hepatocellular carcinoma and 
normal livers based on the microarray data retrieved from the Oncomine 
online database. (A) Wurmbach liver statistics which cover 35 cases of hepa-
tocellular carcinoma and 10 normal controls (P=2.32e-6). (B) Roessler liver 
statistics which cover 22 cases of hepatocellular carcinoma and 21 normal 
controls (P=3.93e-7). (C) The Roessler liver 2 statistics which cover 225 cases 
of hepatocellular carcinomas and 220 normal controls (P=6.67e-52). (D) The 
Chen liver statistics which cover 103 cases of hepatocellular carcinomas and 
76 normal controls (P=1.79e-7). These data in the Oncomine database were 
presented as fold changes (hepatocellular carcinoma vs. normal). In the present 
study, the expressions of E2F3 in normal control were normalized to 1.0 and 
the data are presented as relative expression. E2F3, E2F transcription factor 3.
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and had strong physical interactions with SP1. With the excep-
tion of the NCAPH and CCNA2, these proteins/genes are 
associated with prognosis in patients with HCC and other types 
of cancer. It has been proven that high expression of FOXC1 
is associated with poor prognosis in several types of solid 
tumors including non-small cell lung cancer (27), pancreatic 
ductal adenocarcinoma (28) and basal-like breast cancer (29). 
In HCC, patients with positive FOXC1 expression have shorter 
overall survival times and higher recurrence rates than those 
with negative FOXC1 expression, indicating that high expres-
sion of FOXC1 is an independent, significant risk factor for 
recurrence and survival (30). Klotho gene (KL) is identified as 
a tumor‑suppressor in several tumors, and its downregulation 
is closely associated with poor prognosis in several types of 
tumors such as gastric (31) and breast cancer (32). In HCC, 
a significant loss of KL mRNA and protein expression was 
observed in tumors, which parallels the increased methylation 
in KL promoter DNA, and both KL expression and methyla-
tion correlated with the poor prognosis of HCC (33). KIF14 
mRNA and protein expression are respectively increased 
5.5- and 4.2-fold on average in glioma tissues when compared 
to non-neoplastic brain tissues. Furthermore, both univariate 
and multivariate Cox regression analyses determined that 
KIF14 overexpression effectively predicted decreased overall 
survival in patients with gliomas (34). In HCC, the expression 
of KIF14 is significantly increased and has significant associa-
tions with an unfavorable prognosis (35). Overexpression of 
FOXM1 can greatly increase the death hazard [hazard ratio, 
1.899; 95% confidence interval (CI), 1.016-3.551] and thus 
closely associates with poor prognosis of non-small cell lung 
cancer patients through promoting tumor metastasis  (36). 
Similarly, FOXM1 expression is significantly associated with 
cisplatin-based chemotherapy resistance and poor prognosis 
in advanced non‑small cell lung cancer patients  (37). In 

HCC, overexpression of FOXM1, which is regulated by the 
TNF-α/reactive oxygen species/HIF-1 pathway (38), is asso-
ciated with aggressive tumor features and poor prognosis 
of patients (39). WHSC1 is also a poor prognostic factor in 
cancer. A combined use of microarray technologies and 
bioinformatics analyses revealed that a critical‑gene model, 
comprising FAM53B, KIF21B, WHSC1 and TMPO, predicted 
survival in all data sets with follow-up information in multiple 
myeloma, indicating that WHSC1 is a significant prognostic 
factor (40). Regarding BUB1B, unsupervised clustering anal-
ysis strongly discriminated the malignant tumors, suggesting 
that the combined expression of BUB1B and PINK1 is the 
best predictor of overall survival (P<2x10-6) (41). DKC1 is 
an essential nucleolar protein involved in cell proliferation. 
DKC1 was shown to be overexpressed in paraffin sections of 
252 HCC cases when compared with 80 non-cancerous liver 
tissues at the protein level and was overexpressed in 80 HCC 
and 50 non-cancerous tissues at the transcript level and the 
multivariate analysis suggested that overexpression of DKC1 
is an independent unfavorable prognosis factor (hazard risk, 
2.912; P=0.007) in HCC  (42). Polo-like kinase  4 (PLK4), 
belonging to the serine/threonine kinase family, is critical for 
centriole replication and cell cycle progression and has been 
proposed as a tumor-suppressor in HCC. Decreased expres-
sion of PLK4 is present in 72.4% (178/246) of HCC tissues 
and HCC patients with low PLK4 expression have shorter 
survival than those with high PLK4 expression (43). Patients 
with low E2F1-expressing tumors are associated with favor-
able outcome (hazard ratio=4.3; 95% CI=1.8-9.9; P=0.001) in 
breast cancer (12), indicating that high expression of E2F1 is 
associated with poor prognosis. In addition, high expression 
of RUNX1 and SPAG5 are associated with poor prognosis in 
acute myeloid leukemia (44), and estrogen receptor positive 
breast cancer (45), respectively.

Figure 2. The protein-protein interaction network of E2F3 generated using GeneMANIA online tool. A total of 16 proteins had direct interactions with E2F3 
and, among them, 14 (the query in dark blue) were associated with prognosis in HCC and other types of cancer. The association with prognosis in cancer of 
only 2 proteins (the query in light blue) remains to be identified. E2F3, E2F transcription factor 3; HCC, hepatocellular carcinoma.
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Nuclear factor YA (NFYA), E2F2 and SP1 are known to 
be associated with unfavorable prognosis indirectly in cancer. 
For example, high ALDH expression is associated with poor 
prognosis in uterine endometrial adenocarcinoma, while the 
ALDH activity is transcriptionally regulated by ALDH1A1 
for which the promoter region contained CCAAT and octamer 
binding motifs. Among CCAAT-recognizing transcription 
factors, NFYA is involved in ALDH1A1 transcription (46). 
This result suggests that NFYA responds to poor prognosis 
via ALDH1A1 and ALDH in uterine endometrial adeno-
carcinoma. Overexpression of the human epidermal growth 
factor receptor 2 (HER2) in breast tumors is associated with 
poor prognosis, and the high expression of E2F2, CCND1 
and CCND3 can increase the levels of factors upregulating 
HER2 (13). Regarding the relationship of SP1 with cancer, a 
study revealed that the promoter hypomethylation upregulates 
CD147 expression primarily through increasing SP1 binding 
and is associated with poor prognosis in HCC patients (47). 
Similarly, SP1 binding site is important for mediating CADM1 
promoter activity which is associated with poor prognosis in 

HCC (48). These results indicate that SP1 is closely related 
to poor prognosis in HCC patients through mediating certain 
genes.

Among a total of 16  proteins/genes which had direct 
interactions with E2F3, 14  of them were associated with 
poor prognosis in several types of cancer, and among those 
14 proteins/genes, 8 were associated with poor prognosis in 
patients with HCC. These results strongly indicate that E2F3 
may be associated with poor prognosis in patients with HCC.

Function prediction and analysis based on the co-occurred 
genes. As shown in Fig. 3, E2F3 co-occurred with a total of 
14 genes, suggesting that they have a close relationship with 
each other. The 14 genes co-occurred with HCC and prognosis, 
indicating that they were closely related to HCC development 
and prognosis in cancer. Among the 14 genes, 8 of them, 
MYC (42), CDKN2A (49), CCND1 (50), TP53 (51,52), Bcl2 
and PCNA (52), RB1 (53) and E2F1 (54), have been proven to 
be involved in prognosis for patients with HCC. Furthermore, 
among the 14 genes, E2F1 and TP53 also appeared in the 

Figure 4. Annotation of biological processes of E2F3 with HCC and prognosis using the Coremine online database. The top 12 biological processes which 
closely related to the three terms were annotated (P<0.00209). E2F3, E2F transcription factor 3; HCC, hepatocellular carcinoma.

Figure 3. The co-occurred genes of E2F3 with HCC and prognosis generated by the Coremine online tool. The top 14 genes which co-occurred with the three 
terms at most times were included (P<0.00209). E2F3, E2F transcription factor 3; HCC, hepatocellular carcinoma.
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protein interaction network of E2F3 (Fig. 2). Therefore, we 
concluded that E2F3 co-occurred with 14 genes which were 
all associated with prognosis in HCC and other types of cancer 
and may be associated with prognosis in patients with HCC.

Function prediction and analysis based on the annotated 
biological processes. The annotation of biological processes 
of E2F3 with HCC and prognosis were generated with the 
Coremine online tool. As shown in Fig. 4, a total of 12 biolog-
ical processes were closely associated with E2F3, HCC and 
prognosis at the same time, suggesting that E2F3 may be 
involved in the prognosis of HCC patients through these 
processes. Among the 12 processes, 3, including S phase, cell 
cycle and regulation of cell cycle, were cell cycle-related, and 
6, including cell growth, cell division, dedifferentiation, cell 
proliferation, death and apoptosis were ‘growth/death’-related. 
Previous studies proved that E2F3 contributes to promote 
the G1/S-phase transition of cell cycle and has a central role 
in linking cell cycle proteins to the expression of a variety of 
genes involved in cell cycle progression and cellular prolif-
eration (9,11). Furthermore, E2F3, an oncogene with strong 
proliferative potential (20), plays important roles in cell prolif-
eration, DNA damage and apoptosis (21,22). Thus, we conclude 
that E2F3 may be associated with prognosis in HCC mainly 
through cell cycle, ‘growth/death’-related biological processes.

The miRNA-mRNA interaction indicating E2F3 is related to 
poor prognosis in HCC patients. As shown in Table I, the top 
10 miRNAs targeted to E2F3 were predicted by 9 prediction 
tools and the relationship of these miRNAs with prognosis 
in cancer was reviewed and integrated. The top 10 miRNAs 
are associated with prognosis in several types of cancer. For 
example, high expression levels of miR-15b and miR-30b are 
significantly associated with a shorter recurrence-free survival 
in HCC (55), high levels of miR-141 in plasma are associated 
with poor prognosis in patients with colon  (56) and lung 
cancer (57), high expression of miR-103 is associated with 

poor prognosis in patients with colorectal cancer (58) and high 
expression of miR-195 is associated with poorer prognosis for 
both recurrence and survival in gastric cancer (59). In addition, 
downregulation of miR-34a is independently associated with 
reduced survival in patients with resectable pancreatic ductal 
adenocarcinoma  (60), decreased miR-200b expression is 
correlated with poor prognosis in patients with ovarian (61) and 
lung cancer (23), lower expression of miR-152 is significantly 
correlated with poor overall survival and poor disease-free 
survival in endometrial serous adenocarcinomas  (62) and 
downregulation of miR-195 correlates with poor prognosis in 
colorectal cancer (63). In addition, miR-200c is downregulated 
in HCC tissues (64) and in pancreatic cancer patients (65) and 
its downregulation has significantly poorer survival rates in the 
pancreatic cancer (65). One exception is that high expression 
levels of miR-15a were significantly associated with a longer 
recurrence-free survival in HCC (55), but this may reversely 
indicate that lower expression of miR-15 may be associated 
with a shorter recurrence-free survival. Thus, among the top 
10 miRNAs targeted to E2F3, all are associated with poor 
prognosis in cancer and 3 of them are associated with shorter 
survival in HCC, indicating that E2F3 may be associated with 
poor prognosis in HCC and other types of cancer.

Discussion

HCC is a fatal liver malignancy with an exceptionally high 
incidence in Asia and Africa. The number of new cases in 
America and Europe is rapidly increasing, making HCC a 
worldwide health problem (66). Although the mortality of HCC 
has significantly decreased with the development of surgical 
techniques, a considerable portion develop tumor recurrence, 
which in many cases cannot be detected early, making it the 
most important factor limiting the long-term survival of HCC 
patients (67). Thus, it is of utmost importance to find sensitive 
markers for monitoring postoperative recurrence of HCC and 
to give adequate treatment for HCC patients (68). A number of 

Table I. The top 10 miRNAs targeted to E2F3 associated with unfavorable prognosis in patients with HCC and other types of 
cancer.

	 miRNA-mRNA interaction tool
miRNA	 ----------------------------------------------------------------------------------------------------------------	 The miRNA is associated with
(Hsa-)	 a	 b	 c	 d	 e	 f	 g	 h	 i	 poor prognosis in cancer

miR-15b	 1	 1	 0	 1	 1	 1	 1	 1	 1	 HCC (55)
miR-34a	 1	 1	 0	 1	 1	 1	 1	 1	 1	 Resectable pancreatic ductal adenocarcinoma (60)
miR-15a	 1	 1	 0	 1	 1	 1	 1	 1	 1	 HCC (55)
miR-200c	 1	 1	 1	 1	 1	 0	 1	 1	 1	 Pancreatic cancer (65)
miR-141	 1	 1	 1	 1	 1	 0	 1	 1	 1	 Colon cancer (56), lung cancer (57)
miR-200b	 1	 1	 1	 1	 1	 0	 1	 1	 1	 Ovarian cancer (61), lung cancer (23)
miR-152	 1	 1	 0	 1	 1	 1	 1	 1	 1	 Endometrial serous adenocarcinomas (62)
miR-195	 1	 1	 0	 1	 1	 1	 1	 0	 1	 Colorectal cancer (63), gastric cancer (59)
miR-30b	 1	 1	 0	 1	 1	 0	 1	 1	 1	 HCC (55)
miR-103	 1	 1	 0	 1	 1	 1	 1	 1	 0	 Colorectal cancer (58)

a, DIANAmT; b, miRanda; c, miRDB; d, miRWalk; e, RNAhybrid; f, PICTAR4; g, PICTAR5; h, PITA; i, targetscan; 1, predicted; 0, not 
predicted. miRNAs, microRNAs; E2F3, E2F transcription factor 3; HCC, hepatocellular carcinoma.
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factors and parameters would be used as biomarkers for prog-
nosis in patients with HCC; for example, Hao et al (5) revealed 
that 6 common clinicopathologic parameters including tumor 
size, number of tumor nodules, tumor stage, venous infiltra-
tion status and serum α-fetoprotein and total albumin levels 
are significantly associated with the overall HCC survival and 
disease-free survival. However, most studies focus on circu-
lating proteins, DNA, microRNAs (miRNAs), cancer cells and 
regulatory T cells as serological prognostic biomarkers for 
patients with HCC (66) and, among these, the dys-expression 
of certain genes as promising prognosis markers for patients 
with HCC.

Gene function prediction based on bioinformatics analysis 
is a potential, feasible and valuable way for gene function 
mining and many large-scale networks of molecular interac-
tions within the cell have made it possible to go beyond one 
dimensional approaches to study protein function in the context 
of a network (69). ONCOMINE is a cancer microarray data-
base and web-based data-mining platform aimed at facilitating 
discovery from genome-wide expression analyses. Differential 
expression analyses comparing most major types of cancer 
with respective normal tissues as well as a variety of cancer 
subtypes and clinical-based and pathology-based analyses are 
available for exploration. Data can be queried and visualized 
for a selected gene across all analyses or for multiple genes 
in a selected analysis  (16). ONCOMINE contains 65 gene 
expression datasets comprising nearly 48 million gene expres-
sion measurements from over 4,700 microarray experiments 
by 2004 and the number of array data and genes grew quickly 
every year. GeneMANIA is a web-based database and tool for 
prediction of gene function on the basis of multiple networks 
derived from different genomic or proteomic data/sources. 
It is fast enough to predict gene function with great accu-
racy  (17). Coremine Medical is a product of the PubGene 
Company which grew out of Pubgene online tool. Pubgene 
is a gene/protein database and web-based tool for literature 
mining. It carries out automated extraction of experimental 
and theoretical biomedical knowledge from publicly available 
gene and text databases to create a gene-to-gene co-citation 
network for millions of named human genes by automated 
analysis of titles and abstracts in over 10 million MEDLINE 
records (70). Thus, the associations of E2F3 with prognosis 

for patients with HCC through these online databases/tools are 
potentially reliable.

miRNAs are a class of small (22 bp) endogenous non-
coding RNAs which regulate gene expression mainly by 
binding to the 3'-UTR of the target mRNA and leading to 
mRNA cleavage, destabilization or translational repression 
(71,72). miRNA‑mediated post‑transcriptional gene regulation 
is considered a significant regulator of many cellular processes, 
both physiological and pathological (73,74). Since miRNAs 
perform their functions through the regulation on their target 
genes, it has been well established that miRNAs represent a 
class of genes with a great potential for use in diagnostics, 
prognosis and therapy (75); therefore, we can predict the gene 
function through the functions of miRNAs targeting the gene. 
In the present study, miRWalk, which covered 9 miRNA-
mRNA interaction tools, was used to predict the miRNAs 
which targeted the E2F3. MiRWalk is a comprehensive 
database on miRNAs, which collects predicted and validated 
miRNA binding sites on all mRNAs, mitochondrial genes and 
10 kb upstream flanking regions of all known genes of human, 
mouse and rat. More importantly, the miRWalk is a potential 
real-time database, in which the ‘predicted target module’ 
is updated every 6 months and ‘validated target module’ is 
updated every month (18).

Collectively, on the basis of comprehensive bioinfor-
matics analyses including microarray data interpretation, 
protein-protein interaction, biological processes annotation, 
gene co-occurrence and miRNA-mRNA interaction (Fig. 5), 
we demonstrated that E2F3 interacted with tens of genes/
proteins associated with poor prognosis for patients with HCC 
and other types of cancer (Fig. 2) and gene co-occurrence 
indicated that E2F3 co-occurred with 14 genes which were 
all associated with unfavorable prognosis in HCC and other 
types of cancer (Fig. 3). Further analysis based on annotation 
of biological processes suggested that E2F3 is closely related 
to 12 biological processes which were closely associated with 
HCC and prognosis. In addition, the top 10 miRNAs targeted 
to the E2F3 are all associated with poor prognosis for patients 
with cancer (Table I). These results indicated that E2F3, which 
interacted with a large number of genes, proteins, miRNAs 
and biological processes which were all associated with poor 
prognosis, may also be associated with prognosis in HCC and 

Figure 5. The overall procedure of bioinformatics analysis of E2F3 associated with prognosis in hepatocellular carcinoma. E2F3, E2F transcription factor 3.
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other types of cancer. Together with the notable upregulation of 
E2F3 in HCC (Fig. 1), we illustrated, for the first time, that the 
overexpression of E2F3 in HCC may be associated with poor 
prognosis and it may be an unfavorable biomarker for prog-
nosis in HCC patients. The present study provides important 
information for further investigation of the prognosis-related 
functions of E2F3 in HCC.
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