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1. Introduction

The E2F transcription factor family, a cellular factor 
required for activation of the E2 adenoviral promoter 
(1), came to the forefront of cancer research when it 
was found to be associated with and regulated by the 
retinoblastoma protein RB. There are now eight known 
subclasses of E2F proteins (2); some are considered 
"activators" and others "inhibitors" of expression (3,4). 
This makes E2F2 enigmatic and unique, and despite 
being known for 35 years, its functions remain an active 
topic of research in diverse arenas such as biochemistry, 
cell and developmental biology, and oncology.

2. Structure and regulation

E2F2 contains a winged-helix DNA binding domain 
(DBD) (5) (Figure 1), a highly conserved domain 
that contributes to dimerization, expressed from eight 
chromosomal loci to regulate the transcriptional 
activity of other genes. The E2F2 protein also contains 
multiple protein-protein interaction domains, including 
a helix-loop-helix binding domain that mediates 
heterodimerization with Sp1, resulting in synergistic 
activation of transcription (6,7). Other domains include 

a cyclinA/cdk2 binding domain, hydrophobic heptad 
repeat dimerization domain, and Rb protein binding 
domain.
 The activity of E2F2 is controlled by acetylation 
by P/CAF, p300/CBP, or a related acetyltransferase, 
which increases the protein stability and DNA binding 
and transactivation activity of E2F2. However, this 
acetylation can be reversed by "pocket proteins" 
(i.e., the retinoblastoma protein (pRb) and Rb-related 
proteins p107 and p130) (8,9), which are regulated by 
cyclin dependent kinases (CDKs), form the CDK-E2F-
pRb complex, and take part in transcriptional activities 
(10). pRb acts as a transcriptional repressor complex by 
recruiting histone deacetylase (HDAC) and remodeling 
chromatin. During transcriptional activation of cell 
cycle progression, pRb is phosphorylated by G1 cyclin-
dependent kinase complexes (cyclinD/cdk4 and cyclinE/
cdk2) that inhibit its ability to bind E2F2, which is 
released and becomes transcriptionally active (11).
 The dimerization domain of E2F2 mediates 
heterodimerization with a DP protein such as DP-1, DP-
2, or DP-3. This interaction is required for formation of 
functional transcription factors that can bind to DNA 
with high affinity. DP proteins were originally identified 
as binding to differentiation to regulate transcription 
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E2F transcription factor 2 (E2F2) is a member of the E2F family of transcription factors. The 
classical view is that some E2Fs act as "activators" and others "inhibitors" of cell cycle gene 
expression. However, the so-called "activator" E2F2 is particularly enigmatic, with seemingly 
contradictory roles in the cell cycle, proliferation, apoptosis, inflammation, and cell migration and 
invasion. How can we rationalize the apparently opposing functions of E2F2 in different situations? 
This is difficult because different methods of studying E2F2 have yielded conflicting results, so 
extrapolating mechanisms from an observed endpoint is challenging. This review will attempt 
to summarize and clarify these issues. This review focuses on genetic studies that have helped 
elucidate the biological functions of E2F2 and that have enhanced our understanding of how E2F2 
is integrated into pathways controlling the cell cycle, proliferation, apoptosis, inflammation, and 
cell migration and invasion. This review will also discuss the function of E2F2 in cancer and other 
diseases. This review provides a strong basis for further research on the biological function and 
clinical potential of E2F2.
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factor 1 (DRTF1). The consensus DNA-binding site 
of DRTF1 was later found to be the same as that of 
E2F2, and DRTF1 was also found to interact with Rb 
(12). Evidence is now clear that DRTF1 and E2F2 are 
the same factor (13) and that E2F proteins regulate 
complex cellular functions by forming heterodimeric 
protein complexes with a member of the DP family of 
proteins (DP-1 or DP-2).

3. Role and function

3.1. Interaction between E2F2 and cell cycle proteins

E2F2 plays a significant role in promoting the cell cycle 
(14), which is regulated by CDKs and CDK inhibitors 
(CKIs). E2F2 is often referred to as an activator because 
it transcriptionally activates certain target genes, 
such as cyclin E. Analysis of the cell cycle regulatory 
machinery has indicated that expression of E2F2 can 
greatly induce cyclin A and E while not affecting the 
expression of CKIs such as p21. For example, E2F2-
mediated expression of cyclin A and E can induce 
limited proliferation of cardiomyocytes (15,16). In 
addition, E2F2 has nuclear localization signals adjacent 
to its cyclin A-binding domain. This ensures its 
movement into the nucleus, thereby modulating E2F2 
activity in a cell cycle-dependent manner.
 The "pRb pathway" is one of the most significant 
pathways in normal cell cycle control. Unphosphorylated 
pRb binds to E2F2 in G0/G1, forming a complex that 
actively represses E2F2-responsive genes (17). Once 
activated by mitogenic signals, CDKs phosphorylate 
pRb, p107, and p130, causing the release and 
accumulation of sequestered E2F2 (18). In many cell 
types, pRb family members play an important role in 
regulating terminal differentiation by directly controlling 
cell division through regulation of E2F-dependent 
promoters. For example, TNF-α stimulates proliferation 
of vascular smooth muscle cells by activating the Raf-
1/MEK/ERK pathway and stimulating Rb-Raf-1, 
resulting in high expression of E2F2 that regulates cell 
proliferation (19). Rb-mediated control of E2F2 creates 
complex signaling and regulatory loops. For example, 

Rb-E2F2 controls angiogenesis by regulating VEGF 
(vascular endothelial growth factor A) receptors. In a 
hypoxic environment, E2F2 is released and activated, 
ultimately regulating angiogenesis via interaction with 
hypoxia-inducible factor 1 to activate VEGF, allowing 
the secretion of VEGF and eventual interaction with 
its receptor on endothelial cells (20). Rb-E2F2 also 
regulates angiogenesis with other mediators – for 
example, p53 binds to E2F2 to form a transcriptional 
complex that inhibits VEGF expression (21).
 Mice with targeted deletion of E2f2  exhibit 
impaired liver regeneration, and their hepatocytes 
display delayed cell-cycle entry from quiescence. In 
addition, E2F2-mediated transcription promotes adult 
hepatocyte proliferation and liver regeneration (22). 
Overexpression of E2F2 in cultured cells stimulates 
their entry into the S phase (23), indicating that E2F2 
promotes cell cycle progression. In light of this, E2F2-
responsive genes are potent transcriptional activators 
(24,25), and overexpression of E2F2 is sufficient to 
induce quiescent cells to re-enter the cell cycle (26-
28) by promoting activation of target genes that are 
important to the G1/S transition (29). Knockdown of 
E2F2 expression reduces the proliferation of glioma and 
GSCs (cancer stem-like cells), while overexpression 
of E2F2 partially reverses the inhibitory effect of Let-
7b (a member of the Let-7 microRNA family) on the 
proliferation of glioma and GSCs (30). These findings 
are consistent with the positive role E2F2 presumably 
plays in progression from the G1 to the S phase (31).

3.2. E2F2 can promote or inhibit proliferation

Current evidence suggests that E2F2 may act both as a 
suppressor and promoter of proliferation, depending on 
the cellular context (Table 1).

3.2.1. Promoting proliferation

Studies of multiple E2Fs have revealed both redundant 
and specific roles for E2F2 in proliferation. E2F1-/-

E2F2-/- T cells exhibit profound defects in homeostatic 
proliferation (31). Intriguingly, E2F2 and E2F1 double 
knockout (DKO) mice are severely impaired in all 
hematopoietic cell lineages because of defective S phase 
progression in progenitor populations (32). E2F2 is 
expressed in a cell cycle-regulated manner and is highest 
in the late G1 and S phases (33). In cultured neonatal rat 
cardiomyocytes, directed expression of E2F2, but not 
E2F1, E2F3, or E2F4, stimulates cell division without 
affecting apoptosis, indicating that E2F2 offers promise 
as a specific candidate for regenerating cardiomyocytes 
(34). Moreover, a combination of E2f1, E2f2, and E2f3 
mutations is sufficient to completely block proliferation 
of mouse embryonic fibroblasts (MEFs) (35).

3.2.2. Inhibiting proliferation

84

Figure 1. The structure of E2F2 as well as the similar structure 
of DP proteins. The highly conserved winged-helix DNA binding 
domain (DBD) is indicated in yellow, and the hydrophobic heptad 
repeat domain required for dimerization is shown in green. Other 
domains required for interaction with cyclin A/cdk2 and Rb family 
members are also indicated.
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3.3. E2F2 can promote or inhibit apoptosis

Apoptosis, the process of programmed cell death, 
occurs throughout the lifespan of multicellular 
organisms. Apoptosis acts to maintain homeostasis of 
tissues and organs by removing unwanted or damaged 
cells. Depending on the cells or tissues, E2F2 can have 
pro- or anti-apoptotic effects. Indeed, E2F2 expression 
induces apoptosis in different proliferative tissues, but 
this effect is not observed in differentiated post-mitotic 
cells. This phenomenon suggests that the regulation 
of apoptosis by E2F2 may be related to cell type and 
developmental status (Table 2).

3.3.1. Promoting apoptosis

The alternative expression or combination of any of 
the eight E2F family genes can induce strong apoptotic 
activity. This apoptosis is widely is believed to be a 
result of high levels of E2F activity because ectopic 
expression of E2F2 can induce both p53-dependent and 
p53-independent apoptosis (41).
 p53-dependent apoptosis: Removing one allele of 
E2f2 reduces apoptosis and promotes the formation 
of Myc-driven murine T-cell lymphomas (42). 
Mechanistically, this may be due to the E2f2-dependent 

Conversely, a study has indicated that E2F1/E2F2 
transcription factors play a key role in slowing the rate 
of proliferation during terminal cell differentiation (36). 
T lymphocytes deficient in E2F2 proliferate with TCR 
stimulation. An E2F2 deficiency, or more significantly 
loss of both E2F1 and E2F2, results in increased 
proliferation of T cells in peripheral blood, which is 
consistent with a reduced threshold of antigen activation 
(37,38). In addition, hind-limb ischemia was surgically 
induced in E2F2-/- mice and their wild-type littermates; 
two weeks later, laser Doppler perfusion measurements, 
capillary density, and endothelial cell proliferation 
were significantly enhanced in E2F2-/- mice (16). Zhou 
et al. found that loss of E2F2 expression improved 
endothelial cell growth, proliferation, gene expression 
in the G1/S phase, and neovascularization after 
myocardial infarction (16,39).
 Since E2Fs can both suppress and stimulate 
proliferation, the balance between various signal 
intensities is what determines whether cells proliferate 
or differentiate (40). In the microenvironment of the 
body, E2F-mediated control of cell proliferation results 
from the balance between repressor and activator E2F 
proteins. Therefore, E2F2 may upset this balance and 
induce different regulation of proliferation in different 
in vivo microenvironments.

Table 1. Effect of E2F2 on cell proliferation

Genotype

E2F2-/-

Elevated E2F2

E2F1-/-

E2F2-/-

E2F1-/- E2F2-/- E2F3-/-

Effect on proliferation

Increases antigen-dependent proliferation
Inhibits proliferation
Inhibits proliferation
Inhibits proliferation
Inhibits proliferation
Promotes proliferation
Promotes proliferation
Promotes proliferation
Promotes antigen-dependent proliferation
Promotes endoreduplication
Inhibits homeostatic prolifera-tion
Impairs S-phase progression
Arrests the cell cycle throughout

Cell type or tissue

T cells
Cardiomyocytes
Glioma cells
GSCs
hESCs
ECs
Adult hepatocytes
Cardiomyocytes
T cells
Exocrine pancreas
T cells
Hematopoietic progenitors
MEFs

Phenotypic consequences

liver regeneration

polyploidy, exocrine de-generation, and diabetes
T-cell lymphopenia
defective hematopoiesis, anemia, and leukopenia

Table 2. The effect of E2F2 on apoptosis

Genotype

E2F2-/-

dE2F2-/-

E2F2-/-

E2F1-/-

E2F2-/-

Effect on apoptosis

Inhibits apoptosis
Inhibits apoptosis
Inhibits apoptosis
Inhibits apoptosis
Inhibits apoptosis
Inhibits apoptosis

Promotes apoptosis
Promotes apoptosis
Promotes apoptosis

Cell type or tissue

Myc-induced T cell lymphomagenesis
cone cells
MEF
melanocytes
wing proliferative tissue of Drosophila 
peripheral nervous system of Drosophila
cardiomyocytes
melanoma cells
differentiating cells

The reason

p53-dependent apoptosis
p53-dependent apoptosis
p53-dependent apoptosis
p53-independent apoptosis
p53-independent apoptosis
p53-independent apoptosis
p53-dependent apoptosis
p53-dependent apoptosis
p53-dependent apoptosis



www.biosciencetrends.com

BioScience Trends. 2021; 15(2):83-92.BioScience Trends. 2021; 15(2):83-92. 86

Ser15 phosphorylation of P53 (43), which in cone cells 
leads to concomitant induction of the p53 targets Noxa 
and Siva. Deleting p53 in a context of elevated E2f2 
(Rb-/-) inhibits the induction of apoptosis in cone cells, 
indicating the process is p53-dependent. E2f2 also 
maintains levels of Tradd, which inhibits Trip12/Ulf-
mediated Arf ubiquitylation and degradation (44,45). 
Removing E2f2 reduces Arf levels, increases the Arf 
target Mdm2, and ultimately activates the p53 pathway 
(46).
 p53-independent apoptosis: Rbf1, the Drosophila 
homolog of Rb, is pro-apoptotic in proliferative tissue. 
In flies, E2F2 is the main partner of Rbf1 (47). In that 
study, Clavier et al. found that dE2F2 and dDP are 
required for Rbf1-induced apoptosis. Moreover, Rbf1 
and dE2F2 reduce the expression of two major anti-
apoptotic genes in Drosophila: buffy, an anti-apoptotic 
member of the Bcl-2 family; and diap1, possibly 
encoding a caspase inhibitor. Rbf1/dE2F2 represses 
buffy at the transcriptional level, contributing to cell 
death. In addition, Rbf1 and dE2F2 upregulate HOW 
expression. HOW is an RNA binding protein involved 
in diap1 regulation. HOW is essential for cell survival 
and key to mRNA degradation (48). In summary, Rbf1 
appears to coordinate with dE2F2 and some complexes 
to downregulate the anti-apoptotic genes buffy and 
diap1, thereby promoting cell death in proliferating 
tissues (47). In Drosophila, Rovani et al. found that the 
dREAM complex, which includes dE2F2, cooperates 
with the proapoptotic factor Grim to induce cell death 
in the peripheral nervous system (49). In melanocytes, 
Raj et al. found that E2F2 binds to the Survivin (an anti-
apoptotic factor) promoter and that mutation of either 
the p53 or E2F2-binding sites within the promoter is 
sufficient to increase transcription (50).

3.3.2. Inhibiting apoptosis

Expression of E2F2 in cardiomyocytes reduces 
expression of various apoptosis-related genes, including 
p53, p21CIP/WAF, and mdm2, and it represses the 
activity of proapoptotic pathways (34). Iglesias et al. 
found that E2f1-/-/E2f2-/-DKO mice exhibited apoptosis 
of pancreatic cells and mitochondria (51,52). Providing 
insight into the mechanisms underlying apoptosis, 
typical p53 direct transcriptional target genes involved 

in intrinsic (Bax, Puma, Apaf-1, and Pidd) and extrinsic 
(Dr5) pathways are significantly overexpressed in DKO 
pancreatic samples, and disruption of p53 in E2f1/
E2f2-deficient mice prevents apoptosis and restores a 
normal pancreatic phenotype (52). Interestingly, p21 
was found to be optional for the aberrant pancreatic 
phenotype developed by cells lacking E2F1/E2F2. In 
melanoma, however, E2F2 regulates SIRT1 to inhibit 
p53-dependent apoptosis (53).

3.4. E2F2 can promote or inhibit inflammation

The function of inflammation is to eliminate the 
initial cause of cell injury, clear out necrotic cells and 
tissue damage arising from the original insult or the 
inflammation process itself, and initiate tissue repair. 
According to a recent study, E2F2 has both pro-
inflammatory and anti-inflammatory action in mammals 
(Table 3).

3.4.1. Promoting inflammation

Silencing E2F2 significantly decreases expression of the 
inflammatory cytokine IL-6 in J774A.1 macrophages 
and MES 13 mesangial cells (54). A previous gene 
chip analysis by the current authors revealed that 
expression of E2F2 is higher in synovial tissue from 
patients with rheumatoid arthritis (RA) than from 
patients with osteoarthritis (OA) (55). The current 
authors previously found that its increased expression 
contributes to the abnormal proliferation, invasion, and 
cytokine production of RA synovial fibroblasts (RASFs). 
Further research revealed that TNF-α can facilitate the 
nuclear translocation of E2F2, NF-κB can bind to the 
E2F2 promoter, and E2F2 can directly bind to the IL-6 
promoter (56). Moreover, E2F2 affects the formation 
of the STAT1/MYD88 complex by directly binding to 
STAT1 and MYD88 promoters. This, in turn, influences 
entry of STAT1 into the nucleus and activation of the 
PI3K/AKT/NF-κB pathway, which ultimately regulates 
expression of inflammatory cytokines including IL-
1α, IL-1β, and TNF-α (55). Moreover, Wu et al. 
demonstrated that E2F1/E2F2 DKO significantly 
reduces neuronal death, neuroinflammation, and 
associated neurological deficits (57), which is consistent 
with results from the current authors.

Table 3. The effect of E2F2 on inflammation

Genotype

E2F2-/-

E2F1-/-

E2F2-/-

Effect on inflammation

Inhibits inflammation

Inhibits inflammation
Promotes inflammation
Inhibits inflammation

Cell type or tissue

J774A.1 macrophages, MES 13 
mesangial cells
RASFs
T lymphocytes
neuronal cells

Mechanism

decreased let-7a 
expression
PI3K/AKT/NF-κB

Consequence

decreased IL-6 production

decreased IL-1α, IL-1β, and TNF-α production
inflammatory infiltrates
reduced neuronal death, neuroinflammation, 
and tissue damage
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3.4.2. Inhibiting inflammation

E2F2 functions as a negative regulator of the immune 
response in mice by suppressing cellular proliferation 
of activated lymphocytes. As they age, E2f2-/- animals 
develop an autoimmune disorder with features of 
splenomegaly, multiorgan inflammatory infiltrates, 
glomerulonephritis, and serum anti-DNA antibodies, 
and the animals die prematurely. In these mice, 
E2F2-deficient T cells are hyperresponsive to TCR 
stimulation, responding with increased proliferation 
to lower concentrations of ligand. Thus, low levels of 
self-ligands may be sufficient to trigger autoimmune 
disease in these mice, resulting in a dramatic, abnormal 
expansion of the CD44hi/CD69-effector/memory 
population of T cells (58).

3.5. Migration and invasion

Cell migration and invasion are central processes in 
the development and maintenance of multicellular 
organisms. Wound healing, immune response, and tissue 
formation and shaping during embryonic development all 
require orchestrated movement of cells. Cell migration 
is usually in response to specific external signals, both 
chemical and mechanical. Errors during this process have 
serious consequences, including intellectual disability, 
vascular disease, and tumor metastasis. Zhang et al. 
silenced E2F2 to suppress the migration and invasion of 
RASFs in vitro (56). Yoon et al. found that expression 
of an E2F2 mutant deficient in DNA-binding interfered 
with H-RAS dependent invasion of SUM-159 cells, 
suggesting transcriptionally active E2F2 is required for 
this process (59). Active E2F2 may promote H-RAS-
dependent invasion in part by increasing expression 
of the B4 integrin subunit, a component of the A6B4 
integrin that is known to enhance carcinoma invasion. 
Specifically, expression of E2F2 increases B4 mRNA, 
protein, and cell surface expression. These aspects link 
active H-RAS, transcriptionally active E2F2, and A6B4 
integrins in a common pathway that enhances A6B4-
dependent invasion. H-RAS also can activate E2F2 and 
A6H4 integrins through a common pathway, ultimately 
enhancing A6H4-dependent invasion.

4. E2F2 in malignancies

The effect of E2F2 on tumors cannot be ignored; it seems 
to be more inclined to promote tumor progression. There 
is scant evidence that E2F2 inhibits tumor progression 
(Table 4).

4.1. Promoting malignant tumors

4.1.1. Breast cancer

Aberrant E2F2 expression is associated with cancer 
progression and metastasis (60). Fujiwara et al. found 
that activation of the E2F2 pathway is associated 
with a lower relapse-free survival (RFS) rate in 
patients with breast cancer (61). In particular, E2F2 
expression impacts cell-matrix adhesion, with potential 
consequences for metastatic colonization during breast 
cancer (62). Moreover, levels of gene expression 
have revealed that tumors from E2f2 knockout mice 
have reduced expression of genes associated with the 
epithelial-mesenchymal transition (EMT), corresponding 
with a reduced probability of Ras activation. A study 
has found that the low likelihood of E2F2 pathway 
activation in human breast cancer is related to longer 
recurrence-free survival (61). That finding also 
illustrates the unique genetic requirements of individual 
E2Fs in mediating tumorigenesis in human breast 
cancer. Li et al. analyzed Oncomine data and found 
that E2F2 mRNA levels are higher in breast cancer (p < 
0.001) than in normal tissues (63).

4.1.2. Lung cancer

Immunohistochemical analysis of lung cancer biopsies 
from 119 patients detected E2F2 expression in 18% 
of patient samples and predominantly in patients with 
adenocarcinoma rather than squamous cell carcinoma 
(64). Sun et al. examined E2F2 transcription and data 
on the survival of patients with lung cancer using 
the Oncomine, GEPIA, Kaplan-Meier Plotter, and 
cBioPortal databases. Analyses indicated that levels of 
E2F2 expression were higher in lung adenocarcinoma 
and squamous cell lung carcinoma tissues than in 

Table 4. The effect of E2F2 on cancer

Genotype

E2F2-/-

E2F2 polymor-phisms
High E2F2 expression

E2F2-/-

Effect on cancer

Inhibits cancer

Inhibits cancer

Inhibits cancer
Alters the risk of SCCOP recurring
Promotes cancer
Promotes cancer
Promotes cancer

Type of cancer

breast cancer

lung cancer

liver cancer
squamous cell carcinoma of oropharynx
ovarian cancer
gastric cancer
lymphoma

Consequence

increased latency fewer tumors with 
EMT inhibited cell-matrix adhesion
decreases the CSC population reduces 
cell viability and colony formation

worsens overall survival
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normal lung tissues, and levels of E2F2 expression 
correlated with a tumor in an advanced stage. Moreover, 
survival analysis using the Kaplan-Meier Plotter 
database revealed that high levels of E2F2 mRNA are 
associated with a low RFS rate in the patients with lung 
cancer that were studied (65). In addition, Chen et al. 
immunohistochemically analyzed 86 non-small cell 
lung cancer (NSCLC) samples and found that E2F2 
expression was markedly increased in 62.8% (54/86) 
of samples compared to that in non-tumor lung tissue. 
Further studies have found that E2F2 expression is 
closely related to clinical stage (p = 0.039) and tumor 
size (p = 0.045). E2F2 acts as an activator in the 
progression of NSCLC and may serve as a promising 
indicator of prognosis for patients with NSCLC (66).

4.1.3. Liver cancer

Bioinformatic analysis of TCGA data revealed that the 
expression of E2F2 in HCC samples was significantly 
correlated with histological grade, clinical stage, and 
tumor status. Therefore, elevated E2F2 can be used 
as an independent prognostic marker and therapeutic 
target for liver cancer (67). Moreover, HCC tumor 
tissues exhibited overexpression of the BRD4-E2F2-
cell cycle regulation axis, and E2F2 overexpression was 
significantly associated with a poor prognosis in those 
patients with HCC (68). Thus, E2F2 overexpression 
appears to play a central role in dysregulation of the 
cell cycle in HCC.

4.1.4. Squamous cell carcinoma of the oropharynx

Li et al. investigated associations between genetic 
variants in five E2F2 promoter polymorphisms and 
the risk of recurrence of squamous cell carcinoma of 
the oropharynx (SCCOP) in 1,008 patients (69,70). 
Compared to patients with the variant E2F2 genotypes 
rs2742976 and rs3218123, patients with the common 
homozygous genotypes had better disease-free survival 
(both log-rank, p < 0.001) and lower risk of SCCOP 
recurrence (HR: 0.4; 95% CI: 0.3-0.6; and HR: 0.3: 95% 
CI: 0.2-0.5, respectively) after multivariable adjustment. 
This finding suggests that E2F2 polymorphisms may 
individually or jointly modify the risk of SCCOP 
recurrence.

4.1.5. Ovarian cancer

Xie et al. examined 308 ovarian cancer samples and 
found that E2F2 is significantly upregulated in ovarian 
cancer epithelial cells (CEPIs) (71). That study also 
indicated that increased E2F2 expression significantly 
enhances MCM4, CCNE2, and WHSC1 transcription 
in the SKOV3 and A2780 ovarian cancer cell lines. In 
addition, high levels of E2F2 and CCNE2 expression 
were associated with poorer overall survival. The 

high level of E2F2 expression offsets the effect of an 
LBX2-AS1 knockdown in ovarian cancer cells (72). 
LBX2-AS1 is a new type of lncRNA that promotes 
the progression of ovarian cancer. Therefore, E2F2 
promotes ovarian cancer.

4.1.6. Gastric cancer

miRNA chip analysis indicated that miR-31 decreased 
in gastric cancer. E2F2 is the direct target of miR-
31. E2F2 expression is up-regulated in gastric cancer 
tissues and is inversely proportional to the level of miR-
31. miR-31 plays a vital role as a tumor suppressor by 
inhibiting the expression of E2F2s (73). Bioinformatic 
analysis using multiple databases revealed that the 
level of E2F2 expression in GC tissue was significantly 
higher than that in normal tissues and that the expression 
of E2F2 was related to survival (74). E2F2 is a potential 
biomarker and therapeutic target for the treatment of 
differentially expressed genes in GC (75).

4.2. Inhibiting malignant tumors

Opavsky et al. used a bitransgenic mouse model of 
Myc-induced T cell lymphomagenesis and analyzed 
tumor progression in E2F-deficient mice (42). 
Interestingly, the targeted inactivation of E2F1 or 
E2F3 has no significant effect on tumor progression 
while the loss of E2F2 accelerates the development 
of lymphoma. The loss of a single copy of E2F2 also 
accelerates the development of tumors, albeit to a lesser 
extent. In terms of its mechanism, E2F2 acts as a tumor 
suppressor through its ability to regulate apoptosis.

5. E2F2 in other diseases

H u n t i n g t o n ' s  d i s e a s e  ( O M I M  1 4 3 1 0 0 )  i s  a 
neurodegenerative disorder characterized by movement 
abnormalities (chorea and hypokinesia), cognitive 
decline, and psychiatric symptoms, which are usually 
noticeable at ages 35-50 (76). Valcárcel-Ocete et al. 
found that presence of the E2F2 rs2742976 T allele is 
associated with onset age of Huntington's disease and 
the level of E2F2 expression. This highly significant 
E2F2 signal warrants further investigation. Moreover, 
Valcárcel-Ocete et al. speculated that a lower level 
of E2F2 expression in symptomatic patients with 
Huntington's disease could be associated with a delay 
in the age of onset (77).
 In degenerative diseases such as Stargardt disease 
and age-related macular degeneration, the leading cause 
of blindness in the developed world, retinal pigmented 
epithelial (RPE) cell loss is followed by photoreceptor 
cell death. RPE cells can proliferate upon E2F2 gene 
transfer, suggesting an intrinsic regenerative potential. 
These findings provide proof-of-concept for an E2F2-
mediated strategy to induce in situ regeneration of RPE 
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to treat degeneration (78).

6. Conclusion and perspectives for the future

Like other members of the E2F family, E2F2 typically 
binds to the promoter region of genes to control gene 
expression, playing a vital role in controlling the cell 
cycle. Mounting data suggest that E2F2 plays different 
roles in the body and is an indispensable gene. E2F2 
is not only involved in cell cycle progression but 
also in apoptosis, inflammation, and cell migration 
and invasion. As discussed in this review, E2F2 is a 
complex molecule that can promote the proliferation 
of hepatocytes and cardiomyocytes but that can also 
inhibit the proliferation of peripheral blood T cells; 
E2F2 induces the apoptosis of cone photoreceptor cells 
but also can inhibit the apoptosis of pancreatic cells. 
These and other findings have revealed the complex 
role of E2F2 in the human body and have challenged 
the traditional view that E2F2 is consistently and solely 
an "activator" of cell cycle gene expression. This view 
does not reflect the complexity of E2F2's function in 
the human microenvironment—its function seems to 
depend on the tissue and state of development.
 E2F2 may have the opposite effect in even the 
same phenotype or disease. Whether E2F2 promotes 
or inhibits apoptosis depends on the tissue and state of 
development. In cone cells, E2F2 promotes apoptosis, 
and this promotion is dependent on P53. The promotion 
of apoptosis by E2F2 sometimes does not depend on 
P53. In melanocytes, E2F2 can directly bind to anti-
apoptotic factors to promote apoptosis. However, 
an interesting aspect is that E2F2's anti-apoptotic 
action seems to depend on P53. Therefore, E2F2 is 
both an "activator" and an "inhibitor" of apoptosis. 
Inflammation seems to be a symptom of all diseases, so 
the effect of E2F2 on inflammation is also an issue that 
cannot be ignored. A number of studies have found that 
E2F2 can both promote and inhibit inflammation. In RA 
and neuroinflammation, E2F2 acts as an "activator" of 
inflammation to promote inflammation. However, E2F2 
acts as a negative regulator of the immune response 
in mice by inhibiting the proliferation of activated 
lymphocytes. There is, nonetheless, an interesting 
phenomenon in terms of the effect that E2F2 has on 
tumors. E2F2 is more inclined to be an "activator" 
of the development and progression of tumors. A 
large amount of the literature indicates that E2F2 can 
promote the progression of tumors such as breast, 
lung cancer, and liver cancer, but the loss of E2F2 in 
transgenic mouse models of lymphoma accelerates the 
development of lymphoma. This seems to be the only 
evidence that E2F2 acts as an "inhibitor" of tumors. 
Therefore, E2F2 acts as an "activator" of the cell cycle 
as well as an "activator" of cell proliferation, apoptosis, 
and inflammation. Because of the tissue and state of 
development, it can inhibit the cell cycle, apoptosis, 

inflammation, and other processes. In short, the role 
of E2F2 in the human microenvironment is very 
complicated. Thus, it should not be simply labeled as 
an "activator" or "inhibitor." Its effect on the biological 
activity of cells depends on the tissue and state of 
development.
 Although modern molecular technology and 
experimental models have revealed many functions 
of the intriguing transcription factor E2F2, there is 
still much to learn about its roles in the body. Further 
research on E2F2 needs to be conducted to clarify its 
role in diseases so that its potential as a diagnostic 
and therapeutic target can be fully realized. In fact, 
numerous studies have focused on its potential 
prognostic value in different types of diseases because 
of the importance of E2F2 in both normal homeostasis 
and tissue pathologies. E2F2 is also an attractive drug 
target, particularly with regard to cancer, and we may 
yet discover that E2F2 has other valuable functions, 
warranting many more years of study.
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