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Abstract: E2F transcription factors regulate a wide range of biological processes, including cell cycle, apoptosis and
DNA damage response. In the present study, we examined whether E2F2 is related to the poor prognosis of NSCLC
and its role in progress of NSCLC. Firstly, we analyzed 86 NSCLC samples by immunohistochemistry and found
that E2F2 expression was markedly increased in 62.8% (54/86) of all samples compared with the normal tissues.
Further study showed that E2F2 expression was closely associated with clinical stage (P = 0.039) and tumor size
(P = 0.045). Furthermore, Kaplan-Meier analysis indicated that high Bad expression was significantly correlated to
overall survival (P = 0.045) but not disease-free survival (P = 0.288). In addition, our results showed that knock-
down E2F2 expression could reduce cell viability and colony formation in NSCLC cells. The results in our study for
the first time revealed that E2F2 act as an activator in tumor progress of NSCLC and could become a promising
marker for the prognosis of patients with NSCLC.
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Introduction

Non-small cell lung cancer (NSCLC) is the main
form of lung cancer and accounts for more than
85% of all the lung cancer cases [1]. NSCLC is a
highly malignant and aggressive neoplasm
type of lung cancer and showed a poor 5-year
survival rate [2]. The NSCLC can be divided into
3 subgroups: squamous cell carcinoma, large
cell carcinoma and adenocarcinoma [3]. Tra-
ditionally, surgery is regarded as the best treat-
ment for NSCLC patients whereas only 20-25%
of tumors are suitable for potentially curative
resection and despite complete surgical resec-
tion, the recurrence rate remains high (30-70%)
[4]. Thus, identification of biomarkers for early
detection, prognostic stratification, and novel
therapeutic interventions are therefore urgent-
ly needed for effective management of NSCLC.

The E2F is a cellular factor which was identified
from adenovirus and could initiate E2 gene
transcription [5, 6]. As so far, there have been
found 8 genes involved in encoding the tran-
scription of the E2F family factors which named

as E2F1-E2F8 and the genes are responsible
for encoding 9 different proteins [7, 8]. Ac-
cording to the transcriptional activities, struc-
tures and their binding proteins, the E2F family
members were classified into four groups. The
binding proteins of E2F family members includ-
ing the pocket proteins Retinoblastoma protein
(pRB), Retinoblastoma-like protein 1 (p107) and
Retinoblastoma-like protein 2 (p130) [7]. The
first subgroup members including E2F1, E2F2
and E2F3a which only bind pRB and they are
the ‘activator’ E2Fs. The first subgroup mem-
bers are necessary factors in the regulation of
cell cycle into S phase. E2F4 and E2F5 repre-
sent the second subgroup which are performing
the repressive function in related to pRB family
member. E2F3b and E2F4-E2F8 are considered
the ‘repressor’ E2Fs since they are capable of
repressing the expression of mostly overlapping
sets of target genes while E2F6-E2F8 repress
transcription in a pocket protein-independent
manner as they lack the pocket protein binding
domain [7, 9-12]. The E2F family of transcrip-
tion factors play and important role in a pletho-
ra of biological processes related to cell cycle,
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differentiation, apoptosis and response to DNA
damage [8, 13, 14]. Previous studies have
demonstrated that E2F1 was involved in DNA
damage response upon treatment with DNA
damaging agents [15-18]. In addition, other
studies have showed that when the DNA dam-
age occurs, the protein level of E2F4 is de-
creased while the levels of E2F3a, E2F7 and
E2F8 are upregulated which indicated that the
E2F family members involved in different regu-
latory mechanism [19-21].

E2F2 is an important member of the E2F fami-
ly. Ivey-Hoyle et al. first identified the E2F2 gene
which is located on 1p36 and encodes a 47.5
kDa protein [22]. After that, many studies have
focused on E2F2 function and revealed that
E2F2 regulates lots of cell progresses such as
cell cycle, proliferation and tumorigenesis of
ovarian cancer [23, 24]. Recently, Suzuki et al.
have confirmed that E2F2 is overexpressed in
glioblastoma and E2F2 knockdown can inhibit
human embryonic stem cells proliferation and
tumorigenicity without significantly harming
stemness [25]. Other members of E2F family
also have been studied in many cancers. Pre-
vious studies have showed that E2F1 is overex-
pressed in non-small cell lung carcinoma in
both protein and mRNA levels. The overexpres-
sion of E2F1 has been demonstrated contribut-
ing to the development of NSCLC and indicating
worse patient prognosis [26, 27]. In addition,
increased E2F1 has been reported in breast
cancer, ovarian caner small cell lung carcinoma
and thyroid cancer but absent in prostate can-
cer and related to a poor prognosis [23, 28-32].
E2F3 has been reported overexpression in
prostate cancer and patients with prostate can-
cer exhibiting immunohistochemically detect-
able nuclear E2F3 expression have poorer
overall survival and E2F3 expression could be
as an independent factor predicting overall sur-
vival [33]. In urothelial carcinomas of the blad-
der, the overexpression of E2F3 was related to
invasive tumor growth and rapid tumor cell pro-
liferation [34]. In ovarian cancer, E2F4, E2F7
and E2F8 expression is reportedly increased.
Furthermore, the overexpression of E2F4 and
E2F7 has been related to better overall and
disease-free survival, respectively, however the
overexpression of E2F8 was associated with
worse overall survival [23, 24, 35]. In contrast
to the other member of E2F family, E2F2 has
only recently been investigated in colorectal
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adenocarcinoma [36]. The expression of E2F2
was very low in colorectal tissues and found
without any relationship to clinical parameters
which indicated that E2F2 expression does not
contribute in colorectal carcinogenesis.

E2F2 can efficiently activate DNA synthesis in
quiescent fibroblasts and its expression only
accumulates as cells enter G1 phase [37].
Further, the combined ablation of E2F-2 pre-
vents entry into S phase and its overexpression
overrides the effects of growth inhibitory pro-
teins, such as p16, p21, and p27 [38]. However,
there is no study confirmed the expression of
E2F2 in patient with NSCLC and its role in prog-
nosis. Further study should be done to investi-
gate that E2F2 could be a novel biomarker and
prognostic predictor for making individual ther-
apy strategies in patients with NSCLC.

In the present study, we detected the expres-
sion of E2F2 in 86 NSCLC patients by im-
munohistochemistry. The relationship between
E2F2 expression and the clinicopathological
features was also assessed and the prognostic
value of NSCLC in NSCLC was further deter-
mined. In addition, we the first time demon-
strated that E2F2 play an important role in
NSCLC cell proliferation and DNA damage
response.

Materials and methods
Cell lines

The NSCLC cells H1299 and A549 were pur-
chased form ATCC (Manassas, VA) and all cells
were cultured in DMEM (Gibco, Carlsbad, CA)
supplemented with 10% FBS (Invitrogen Life
Technologies, Carlsbad, CA) and 1% penicillin/
streptomycin (Gibco). The cells were cultured
for 2 weeks in drug-free medium before experi-
ments.

Patients and tissue specimens

A total of 86 NSCLC patient specimens were
obtained from The First Affiliated Hospital of
Nanchang University between January 2007
and July 2010. 8 paired NSCLC and correspond-
ing adjacent normal tissues after surgical
resection were used to detect the E2F2 expres-
sion using Western blot. All tissues were imme-
diately stored at -80°C until the experiments
started. The 86 patients aged from 31 to 71
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Figure 1. Expression of E2F2 in NSCLC tissue samples by western blot. A. Protein levels of E2F2 in NSCLC tissue
samples by western blot. Representative images of E2F2 expression were presented. The ratio of E2F2/GAPDH was
indicated below. B. Relative intensity of E2F2 normalized to GAPDH was calculated (n = 8).

years (median age is 52). The median follow-up
period was 27 months (range: 1-60 months).
We defined the tumor stage according to tumor-
node metastasis (TNM) classification of the
American Joint Committee on International
Union against Cancer. All protocols concerning
human subjects were approved by the Regional
Ethical Committee of Nan chang University.

Western blot

The Western blot was used to detect the pro-
tein level in NSCLC tissues and cells. Briefly,
collecting tissues and cells were lysed with
lysis buffer (pH 7.4, containing 1% Triton X-100
and 0.2% SDS) and equal amounts of protein
(50 pg) were resolved by SDS-PAGE and trans-
ferred onto PVDF membranes. The membranes
were blocked with 5% nonfat milk and incubat-
ed with primary antibody against E2F2 (at a
1:1000 dilution, Cell signaling technology, USA)
and GAPDH (1:1000, Santa Cruz, USA) at 4°C
for overnight. After washing three times by
TBST, the membranes were incubated with
horseradish peroxides-conjugated secondary
antibody (1:10000 dilution for rabbit antibody
and mouse antibody) for 1 h at room tempera-
ture. Eventually, the protein-antibody complex
was detected by enhanced chemiluminescence
detection system (Amersham, NJ). GAPDH was
served as a loading control.

Plasmid construction and stable transfection

The E2F2 shRNA and scrambled shRNA
were purchased from GenePharma Co, Ltd
(Shanghai). After confirmed the plasmids by
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sequencing, we constructed the plasmids into
A549 and H1299 cells by lentiviral transduc-
tion. Briefly, we used 4 pg of plasmids trans-
fecting into A549 and H1299 cells by mixing
with Lipofectamine™ 2000 (Invitrogen; Carls-
bad, CA, USA) reagent according to the instruc-
tions of manufacturer. After 48 hours, the cells
were added 1 mg/ml of puromycin (Sigma
Aldrih, MA, USA) for selection and the concen-
tration of puromycin was elevated step by step
until 10 mg/ml. we collected the cells lysis
every 2 week to test the expression level of
E2F2. Finally, the puromycin resistant cell pop-
ulation was determined down-expression of
E2F2 by western blot as previously described.

Immunohistochemistry (IHC)

We performed immunohistochemistry (IHC)
analysis to detect E2F2 expression and loca-
tion according to previous report [20]. Briefly,
all slides were baked at 60°C for 4 h and then
deparaffinized and rehydrated and boiled the
slides in Ethylene Diamine Tetraacetic Acid
(EDTA; 1 mmol/L; PH 8.0) for antigen retrieval.
After incubated overnight at 4°C with E2F2
antibody (1:500 dilution), the slides were rinsed
with PBS and incubated with a secondary anti-
body for half hour at room temperature. Stained
cell proportions were scored depending on the
methods mentioned in previous study. The
receptor score was calculated as following:
(positively stained cell proportion x stained
intensity). We classified the E2F2 expression
into two groups: high expression (at scores of >
4) and low expression (at scores of < 4), respec-
tively [21].
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Figure 2. Expression of E2F2 in N SCLC tissues by IHC. A. Micrographs showed the staining of E2F2 in normal lung
tissues. B-E. Micrographs showed the staining of E2F2 in tumor tissues (negative, weak, modern, strong). F. Repro-
ducibility of the measurement in all 86 patients was calculated using the Wilcoxon matched paired test.

MTT assay

The cell viability was determined by MTT assay.
Briefly, cells of 3-5 x 103 were seeded in 96-well
plates and allowed to attach overnight. At a cer-
tain time (12, 24, 36, 48, 60, 72, 84, 96 h), 20
ML MTT (5 mg/mL) was added to each cell for 4
h (37°C), and then DMSO (120 uL/well) was
added to dissolve the formazan. Finally, the
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density was measured at 540 nm by Model
550 Microplate Reader (Bio-Rad, USA). Expe-
riments were performed at least three times.

Statistical analysis

Statistical analyses were performed using the
SPSS 16.0 software (SPSS, Chicago, IL, USA).
The Student t test was used for comparison

Int J Clin Exp Pathol 2015;8(9):10545-10554
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Table 1. Correlation of clinicopathological parameters and

E2F2 expression in the NSCLC (n = 86)

cated that the E2F2 expression is
upregulated in tumor tissues (Figure

All Low

Variable .
cases expression

High
expression

1B).

P value

Age (years)

<49 33 15 (57.6%)

>49 53 22 (50.0%)
Gender

Male 46 20 (52.4%)

Female 40 17 (65.0%)
Lymph node metastasis

Yes 25 8(54.3%)

No 61 29 (49.3%)
Stage

-1 52 27 (51.8%)

-1V 34 10 (62.5%)
Tumor size (cm)

<4 19 12 (41.5%)

>4 67 25 (56.9%)
Metastasis

Yes 57 25 (50.2%)

No 29 12 (58.9%)
Location

Left 32 15 (47.7%)

Right 54 22 (60.5%)
Tumor recurrence

Yes 54 23 (63.8%)

No 32 14 (50.7%)

18 (42.3%)
31 (50.0%)

26 (47.6%)
23 (35.0%)

17 (45.7%)
32 (50.7%)

25 (48.2%)
24 (37.5%)

7 (58.5%)
42 (43.1%)

32 (49.8%)
17 (41.1%)

17 (52.3%)
32 (39.5%)

31 (36.2%)
18 (49.3%)

0.719

0.927

0.186

0.039

0.045

0.826

0.579

0.917

High E2F2 expression is associated
with the poor clinic pathological pa-
rameters

Then we performed IHC to assess the
expression of E2F2 in 86 paraffin-
embedded NSCLC tissues from the
First Affiliated Hospital of Nanchang
University. The IHC results showed
that E2F2 was mainly located in the
cytoplasm in both tumor tissues and
normal tissues. In tumor tissues,
there was also scattered staining of
E2F2 in the nuclear (Figure 2A-E).
Furthermore, we found that E2F2
exhibited higher expression in NSCLC
tissues compared to neighboring tis-
sues as shown in Figure 2F. In addi-
tion, the clinical relationship between
E2F2 expression and chinicopatho-
logic factors was examined. According
to the results, a significant difference
was observed in clinical stage (P =
0.039) and tumor size (P = 0.045) but
there was no statistical relationship
between E2F2 expression and the
rest clinic pathological parameters,
such as age, gender, tumor size or

between groups. The x? test was performed to
analyze the correlation between Bad expres-
sion and clinic pathological parameters. The
Kaplan-Meier method (the log-rank test) was
used for survival curves. Cox regression model
with stepwise manner (forward, likelihood ratio)
was utilized to perform a multivariate analysis.
P < 0.05 (two-tailed) was considered statisti-
cally significant.

Results

E2F2 expression is upregulated in fresh
NSCLC tissues

Firstly, we detected the expression level of
E2F2 in 8 paired NSCLC tissues by western
blot. According to the results, the expression of
E2F2 was noticeably higher in NSCLC tissues
than that in the neighboring normal tissues in 5
of 8 cases (Figure 1A). Additionally, the rele-
vant densities of western blot bands also indi-
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tumor recurrence (Table 1).

High expression of E2F2 was related to the
pPOoor prognosis

We detected the correlation between E2F2
expression level and survival time of NSCLC
patients using Kaplan-Meier survival analysis.
Our results revealed that NSCLC patients with
high E2F2 expression was tend to show a sig-
nificant shorter overall survival (P = 0.045,
Figure 3A). However, we did not observe a sig-
nificant difference between the expression of
E2F2 and disease-free survival (P = 0.288,
Figure 3B).

Univariate and multivariate analyses of prog-
nostic variables in NSCLC patients

Next we performed univariate analysis to fur-
ther evaluate the E2F2 expression and other
clinicopathologic parameters on prognosis of
NSCLC patients. Results indicated that only
E2F2 expression and tumor size was responsi-

Int J Clin Exp Pathol 2015;8(9):10545-10554
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Figure 3. Relationship between E2F2 expression and NSCLC prognosis. E2F2 protein level showed prognostic role

in overall survival (A), disease-free survival (B) a, as indicated by Kaplan-Meier analysis. Statistical significance was
assessed with the log-rank test. (n = 86).

Table 2. Univariate and multivariate analysis of clinicopathological and E2F2 for overall and disease-
free survival in NSCLC (n = 86)

Univariate analysis
HR (95% ClI) P value

Multivariate analysis
HR (95% ClI) P value

Variables

Overall survival
Age (< 49 vs. > 49 years) 0.711 (0.392-1.290
Gender (female vs. male) 0.962 (0.546-1.697 0.895
Lymph node metastasis (yes vs. no) 1.053 (0.578-1.918 0.865
(
(

) 0.262

)

)
0.460 (0.236-0.895) 0.022

)

)

)

Tumor size (< 4 vs. > 4 cm) 0.452 (0.246-0.831) 0.011
1.319 (0.701-2.482 0.391
0.654 (0.368-1.161 0.147
0.942 (0.535-1.660 0.837

0.407 (0.224-0.740) 0.003

Tumor recurrence (yes vs. no)
Tumor location
Stage (Il vs. llI-IV)
E2F2 expression (low vs. high)
Disease-free survival
Age (< 49 vs. > 49 years) 0.719 (0.396-1.304) 0.278
Gender (female vs. male) 0.902 (0.511-1.592) 0.721
Lymph node metastasis (yes vs. no) 1.133 (0.624-2.057) 0.683
)
)

0.490 (0.282-0.853) 0.012

Tumor size (< 5vs.>5cm) 0.593 (0.307-1.147 0.120
1.174 (0.632-2.183 0.611
Tumor location 0.794 (0.448-1.408) 0.431
Stage (I-Il vs. IlI-IV) 0.870 (0.489-1.545) 0.633

E2F2 expression (low vs. high) 0.799 (0.472-1.351)  0.402

Tumor recurrence (yes vs. no)

ble for efficacy of surgical treatment in HCC
patient, by showing that E2F2 expression was
significantly associated with overall survival
(Table 2). Furthermore, the results of multivari-
ate analysis suggested that E2F2 remained to
be an independent predictor for overall survival
(HR: 0.589, 95% CI: 0.483-0.717, P < 0.0001)
of NSCLC patients (Table 2).
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Downregulation E2F2 suppress cell viability of
NSCLC cells

Previous studies have demonstrated that E2F2
is associated with cell proliferation in cancers.
To investigate the role of E2F2 in NSCLC cell
proliferation, we chose two NSCLC cells for our
research: the A549 cell and H1299 cell which

Int J Clin Exp Pathol 2015;8(9):10545-10554
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Figure 4. E2F2 shRNA significantly decreased cell proliferation in NSCLC cells. E2F2 shRNA noticeably down regu-
lated expression of E2F2 protein in A549 and H1299 cells (A). Scramble and E2F2 shRNA were transected into
NSCLC cells for 24 h. Relative E2F2 expressions were detected by Western blot. The cell viabilities were determined
using MTT assays (B, C). A549 and H1299 knockdown cells were plated in soft agar and colonies were counted 2
wk later. shControl represents the parental line after transduction of shE2F2 represents independent constructs
against E2F2 (D). **, P < 0.04, in comparison to the control (two-tailed t test). Error bars represent three indepen-
dent experiments that were done in triplicate.

are overexpressing E2F2 protein. First of all, we nificance of NSCLC patient. Our data revealed
down-regulated E2F2 expression in A549 and for the first time that E2F2 was upregulated in
H1299 cells stably with shE2F2. The down-reg- NSCLC patients and indicates few worse out-
ulation of E2F2 expression was confirmed by comes. Furthermore, we found that E2F2 defi-
Western blot analysis (Figure 4A). The cell via- cient cells showed a slow growth rate. However,
bility assay results demonstrated that the we didn’t observe a statically significance be-
downregulation of E2F2 expression in both tween E2F2 expression and the survival time. A
A549 and H1299 cells significantly inhibited further study should be done to determine the
cell viability compared to control cells (Figure role of E2F2 in NSCLC progression.

4B and 4C). Our results were consisted to the

previous study that knockdown E2F2 expres- In the past decades, many reports revealed
sion can slow down the cell proliferation. that the E2Fs family members’ activity play a
Furthermore, we assessed the effect of E2F2 crucial role in tumor growth and worse out-
on long-term cellular colony formation poten- comes [26, 33, 39]. Previous studies indicated
tial, Normal control, scrambled and knockdown that the ‘activator’ E2Fs (E2F1, E2F2 and E2F3)
shE2F2 clones were plated in soft agar for 2 determine the progress of some types of can-
weeks. The colony formation data showed that cer such as non-small cell lung carcinoma and
the cell growth in ShE2F2 cells was less than esophageal squamous cell carcinoma [26, 39].
20% of control in both A549 and H1299 cells In the present study, we found that high E2F2
(Figure 4D and 4E). These data indicated that expression is associated with increasing tumor
ablation of E2F2 significantly block cell survival size and advanced clinical stage which indicat-

ed that E2F2 expression might be served as a

and colony formation in NSCLC cells. o
promising hallmark of lung cancer outcomes.

Discussion However, we did not observe a significant rela-

tionship between E2F2 expression and other
In the present study, we discussed the relation- clinical characters such as tumor recurrence,
ship between E2F2 expression and clinical sig- metastasis or lymph node metastasis. We can
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put forward that monitoring the expression
dynamics of E2F2 may contribute to define
patients as follow-up of patients in need of
treatment. In addition, many studies have
determined the relationship between E2F2
expression with clinical pathological parame-
ters in other tumors such as hepatocellular car-
cinoma and Ovarian Cancer [23, 40]. Their
results also depicted that E2F2 was over-
expressed in tumor tissues and the over-
expression of E2F2 closely correlated with larg-
er tumor size and worse outcomes which is
consistent with our findings. Elsewhere, the low
E2F2 expression was demonstrated to be sig-
nificantly associated with better outcomes in
our study.

For further study, we analyzed the relationship
of E2F2 expression with overall survival (OS)
and disease-free survival time (DFS) by Kaplan-
Meier survival analysis. The results showed
that patients with high E2F2 expression tend to
be a shorter overall survival compared with that
of low E2F2 expression. The similar result has
obtained from other cancers. It is found that
high expression of E2F2 protein indicate a
worse prognosis in ovarian cancer [23]. Fur-
thermore, E2F2 remains to be an independent
prognostic factor for overall survival by Cox
regression analysis, which suggesting its pivot-
al role in tumor generation and progression. In
addition, recent study provided a comprehen-
sive understanding of the role of E2F2 in tumor-
igenesis in human glioblastoma cells [41]. In
summary, high expression of E2F2 in tumor tis-
sues may promote tumor growth and progres-
sion, indicating an adverse prognosis in non-
small cell lung carcinoma.

E2F2 is involved in many biological progresses
of cell cycle, DNA synthesis and apoptosis by
binding to Rb protein to form the Rb/E2F com-
plexes [42, 43]. E2F2 is belonging to the activa-
tor group of E2Fs family. It has been demon-
strated that E2F2 can promote cell proliferation
by repressing cell cycle regulators and Myc-
induced lymphomagenesis [44, 45]. Interes-
tingly, DeGregori et al. found that E2F2 may act
as either a tumor suppressor or activator in dif-
ferent cancer types [46]. For instance, loss of
E2F2 can accelerate cell proliferation in T cells
but reduce the cell viability in viable tumor cells
[25, 45]. Timmers et al. has demonstrated that
E2F2 regulated cell cycle by influencing cell
cycle regulators such as cyclin, cyclin depen-
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dent kinases (CDKs) and checkpoint signals
[47]. However, it is little known about the roles
of E2F2 in non-small cell lung carcinoma. In our
study, when we explored the roles of E2F2 on
the proliferation of non-small cell lung carcino-
ma cells, we found that when knockdown E2F2
expression, the cell proliferation and colony for-
mation were ablation compared to the control
group. The results showed that E2F2 is involved
in the cell growth of NSCLC. Elsewhere, Infante
et al. found that E2F2 acts as a suppressor by
repressing cell cycle regulators to maintain qui-
escence [44]. Nevertheless, little is known
about roles of E2F2 in lung cancer cells, and
here we validated for the first time that E2F2
acts as a tumor activator in non-small cell lung
carcinoma.

Taken together, our study suggests that E2F2
outperformed an independent indicator for
overall survival in NSCLC patients. Increased
E2F2 expression is noteworthy related to larger
tumor size and advanced clinical stage. Our
present study may provide a promising bio-
marker for predicting the postsurgical prog-
nosis of patients who suffer from this deadly
disease.
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