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Abstract

AIM: To explore the expression pattern of E2F5 in pri-
mary hepatocellular carcinomas (HCCs) and elucidate
the roles of E2F5 in hepatocarcinogenesis.

METHODS: E2F5 expression was analyzed in 120 pri-
mary HCCs and 29 normal liver tissues by immunohis-
tochemistry analysis. E2F5-small interfering RNA was
transfected into HepG2, an E2F5-overexpressed HCC
cell line. After E2F5 knockdown, cell growth capacity
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and migrating potential were examined.

RESULTS: E2F5 was significantly overexpressed in
primary HCCs compared with normal liver tissues (P
= 0.008). The E2F5-silenced cells showed significantly
reduced proliferation (Z = 0.004). On the colony forma-
tion and soft agar assays, the number of colonies was
significantly reduced in E2F5-silenced cells (P = 0.004
and P = 0.009, respectively). E2F5 knockdown resulted
in the accumulation of GO/G1 phase cells and a reduc-
tion of S phase cells. The humber of migrating/invad-
ing cells was also reduced after E2F5 knockdown (P =
0.021).

CONCLUSION: To our knowledge, this is the first evi-
dence that E2F5 is commonly overexpressed in primary
HCC and that E2F5 knockdown significantly repressed
the growth of HCC cells.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most com-

January 28, 2011 | Volume 17 | Issue 4 |



mon cancer and the third leading cause of cancer death
worldwide!". More than half a million cases are newly diag-
nosed every year, and a similar number of patients die each
year. Given that the overall incidence of HCC is still rising
and the prognosis remains poor, it is important to develop
effective diagnostic and therapeutic modalities based on
the biological knowledge of hepatocarcinogenesis[2’3].

Our group previously explored the profiles of chromo-
somal alterations in primary HCC by performing a genome-
wide, microarray-based, comparative genomic hybridization
analysis and found that the 8q21.2 locus harboring the
E2F5 gene was recurrently amplified in HCC". E2F5 is a
member of the E2F transcription factor family that binds
to the promoters of the target genes involved in cell cycle
control and that consequently regulates the expression
of these target geneslsj. The E2F family, located in the
downstream of the growth factor signaling cascades, plays
a central role in cell growth and proliferation through
regulating the genes involved in cell cycle progression”.
Therefore, it is possible for the members of the E2F fam-
ily to become involved in oncogenesis. The members of
the E2F family are divided into activator (E2F1-E2F3)
and repressor (E2F4-E2FS) subclasses'™. Overexpression
of the E2F activators has been reported to induce uncon-
trolled proliferation of cells in diverse human cancers such
as breast, ovarian, lung and gastrointestinal cancers .
Although the E2F repressors are expected to behave as
tumor suppressors, a substantial amount of evidence in-
stead indicates the possibility that some E2F repressors
may have oncogenic effects in tumorigenesis[sl.

The overexpression or amplification of the E2F5 gene
has been reported in vatious solid tumors such as breast,
colon, ovarian cancers and osteogenic sarcoma . When
the E2F5 gene was co-transfected with DP-1 and Ras
into rat kidney cells, the number of transformed foci in-
creased' . However, there has been no report on the ex-
pression profile of E2F5 in human HCC and its biological
roles in hepatocarcinogenesis.

In this study, we explored the expression profiles of
E2F5 in primary human HCC and its biological effects by
petforming knockdown of the E2F5 using specific small
interfering RNA (siRNA) in a human HCC cell line.

MATERIALS AND METHODS

Tissue microarray

For screening E2F5 expression in primary HCC, HCC tis-
sue microatrays were prepared. Formalin-fixed, paraffin-
embedded tissue blocks from 120 HCC patients were
identified from the archives of the Department of Hos-
pital Pathology under the approval of the Institutional
Review Board of the Catholic University of Korea, Col-
lege of Medicine (CUMCO06UO014). Tissue microarrays
were constructed using a manual tissue arrayer (Quick-
Ray Manual Tissue Microatrayer, Unitma Co., Ltd., Seoul,
Korea). Hematoxylin-cosin stained sections from each
sample were examined and then tumor cell-rich areas were
selected for use in tissue microarrays. A microarray con-
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sisting of 29 samples of normal liver tissue was also con-
structed. The tissue array paraffin block was then cut into
5-um paraffin sections for immunohistochemistry (IHC)
analysis.

HCC cell line

HepG2 was obtained from ATCC (Manassas, VA, USA)
and maintained in DMEM (Gibco BLR, Gaithersburg,
MD, USA) supplemented with 10% FBS at 37°C contain-
ing 5% COa. As controls, THLE-2 and THLE-3 (human
normal liver epithelial cell lines) were purchased from
ATCC (Manassas, VA, USA) and maintained in DMEM
supplemented with 10% FBS and 25 mmol/L HEPES.

IHC

E2F5 immunostaining was performed using tissue micro-
array slides. Briefly, the tissue sections were deparaffinized
and quenched with 3% hydrogen peroxide for 10 min.
Antigen retrieval was then conducted using 0.01 mol/L ci-
trate buffer (pH 6.0) by heating the sample in a microwave
vacuum histoprocessor (RHS-1, Milestone, Bergamo, Italy)
at a controlled final temperature of 121°C for 15 min. The
monoclonal mouse anti-E2F5 antibody (220D1a, Abcam,
Cambridge, UK) was then diluted 1:50 in Dako Antibody
Diluent (Dako, Carpinteria, CA, USA) with background-re-
ducing components, after which it was incubated overnight
at 4°C and then detected using the Envision plus System
(Dako, Carpinteria, CA, USA). The immunoreaction was
developed by treating the samples with diaminobenzidine
(Dako, Carpinteria, CA, USA) for 5 min, and hematoxylin
counterstaining was applied.

Real-time quantitative reverse transcriptase polymerase
chain reaction

Total RNA was isolated from the cells using the TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). Reverse tran-
scription was performed using oligo-(dT) primer and
SuperScript Il reverse transcriptase (Invitrogen, Carlsbad,
CA, USA). Quantitative reverse transcriptase polymerase
chain reaction (QRT-PCR) was performed with a mixture
containing cDNA, 1 X SYBR Green Thr polymerase mix-
ture (FINNZYMES, Espoo, Finland), 0.5 X ROX, and
primers using Mx3000P QPCR (Stratagene, La Jolla, CA,
USA). The thermal cycling included one cycle at 95C
for 10 min, followed by 45 cycles of 95C at 10 s, 55C
for 30 s and 72°C for 30 s. Relative quantification was
performed by the AACt method as described elsewhere!.
E2F5 specific primers for gqRT-PCR were as follows;
5'"TCAGGACCTATCCATGTGCTGCTT-3' for for-
watd and 5'-TCAGAGACATGTTGCTCAGGCAGA-3'
for reverse. The GAPDH gene was used as an internal
control and its specific primers were as follows; 5'-GC-
GGGGCTCTCCAGAACATCAT-3' for forward and
5'-CCAGCCCCAGCGTCAAAGGTG-3' for reverse.

Transfection of E2F5 siRNAs

Three types of E2F5-specific siRNAs were purchased
(Invitrogen, Catlsbad, CA, USA), whose sequences were
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as follows: UUAUAAGCAGCACAUGGAUAGGUCCG-
GACCUAUCCAUGUGCUGCUUAUAA for siE2F5-1;
AAUUAAAGUUGUAGUCAUCUGCCGGCCG-
GCAGAUGACUACAACUUUAAUU for siE2F5-2;
AUGAUAUCUCCACUAAUAGAUCCUGCAG-
GAUCUAUUAGUGGAGAUAUCAU for siE2F5-3.
The siE2F5-1, -2, and -3 target exons were 6, 7 and 8,
respectively. To estimate the sequence-specific effective-
ness of the E2F5 siRNAs, we used a negative control
siRNA (siNEG) (Invitrogen, Catlsbad, CA, USA) that has
no significant homology with any known sequences in
the human genome. In total, 100 nmol/L of each siRNA
was transfected onto 6 X 10° HepG2 cells in a 100 mm
culture dish using lipofectamine RNAIMAX according to
the manufacturer’s instructions (Invitrogen, Catlsbad, CA,
USA). Forty-eight hours following the transfection, the
cells were harvested and E2F5 expression was measured

by qRT-PCR and Western blotting.

Western blotting

Transfected cells were harvested and lysed in cell lysis
buffer (50 mmol/L NaF, 150 mmol/L NaCl, 10 mmol/L
sodium pyrophosphate, 2 mmol/L. EDTA, 0.1% Triton
X-100) with protease inhibitor. The resulting cellular
proteins (30 pg per lane) were electrophoresed in a 10%
SDS-polyacrylamide gel and separated proteins were
transferred to a PVDF membrane (Millipore, Bedford,
MA, USA). Membranes were blocked with 5% non-fat
dried milk in TBST (20 mmol/L Tris-HCl, 150 mmol/L
NaCl, and 0.1% Tween 20, pH 7.5), and then incubated
overnight with anti-E2F5 (Abcam, Cambridge, UK) and
anti g-tubulin antibodies (Sigma, St. Louis, MI, USA) at
4°C according to the manufacturer’s instructions. After
washing with TBST, the PVDF membrane was incubated
with diluted HRP-conjugated anti-rabbit IgG for 1 h at
room temperature. The blots were detected using an en-
hanced chemiluminescence system (Amersham-Pharmacia
Biotech, Braunschweig, Germany). The expression of
o-tubulin was used as a control.

Cell proliferation assay

Growth of HepG2 cells was determined using the cell
proliferation reagent WST-1 (Roche, Indianapolis, IN,
USA) according to the manufacturer’s protocol. Optical
density was read at 450 nm at various time points. Three
independent experiments were carried out.

Invasion and migration assay

Invasion of HepG2 cells was assayed using the 24-well
format transwell chambers (Becton Dickinson Labware,
Franklin Dickinson, NJ, USA) of 8 um-pore size. siRNA
transfected cells were added onto the Matrigel (BD Bio-
sciences, San Jose, CA, USA) coated filters in 200 uL. of
serum-free RPMI1640 (2 X 10" cells/filter). In the lower
chambers, 500 pul. of RPMI1640 media containing 10%
FBS was added. After 20-h incubation at 37°C in the 5%
CO:z incubator, cells were stained with 0.5% crystal violet
in 20% methanol and then examined under the micro-
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scope. Cells on the top surface of the membrane were
removed by wiping with a cotton swab. The numbers of
cells were counted in five microscopic fields (X 40). The
migration assay was carried out in the same manner but
using filters without Matrigel coating. Two independent
experiments were performed for each assay.

Colony formation assay

Forty-eight hours after transfection with siRINA, 1 X 10"
HepG2 cells were seeded in 100-mm culture dishes. Two
weeks later, cultured cells were stained with 0.5% crystal
violet and the number of colonies was counted. Three
independent experiments were carried out for each assay.

Soft agar assay

To explore the effect of E2F5 on anchorage independent
growth of HepG2 cells, a soft agar assay was performed.
HepG2 cells were suspended in RPMI1640 containing
0.35% low melting agarose, and plated onto solidified 0.6%
agarose containing RPMI1640 in six-well culture plates
at a density of 1 X 10” cells per dish. After incubating for
2 wk at 37°C in the 5% CO: incubator, the number of
colonies was counted. Two independent experiments were
carried out for each assay.

Cell cycle analysis

Forty-eight hours after transfection with siRNA, the adher-
ent cells were detached by trypsin treatment, washed twice
with PBS, and then exposed to 70% ethanol on ice for 2 h.
After washing, cells were incubated with 5 mg/mlL prop-
idium iodide and 50 mg/mIL RNase-A in PBS for 15 min
at 37°C. A flow activated cell sorter (FACS) analysis was
carried out using a FACS Calibur flow cytometer (Becton
Dickson, Mountain View, CA, USA) with CELLQUEST
software. A total of 10000 events were measured per run.

Statistical analysis

The statistical analysis was performed using the SPSS sta-
tistical softwatre (SPSS Inc., Chicago, IL, USA). Statistical
significance was determined by the Mann-Whitney test
for continuous variables and by the y” or Fisher’s exact
test for categorical variables. P values less than 0.05 were
considered statistically significant.

RESULTS
Expression of E2F5 in primary human HCC

We examined the E2F5 protein expression level in the
120 primary HCCs and 29 normal liver tissues by tissue
microarray-based IHC. E2F5 expression was mostly lo-
calized in the cytoplasm with occasional nuclear staining,
Cytoplasmic staining was considered a positive result. We
graded the E2F5 staining intensity from 0 (negative) to 3
(strongly positive) (Figure 1A-D). E2F5 expression was
absent in all the normal liver tissues tested, while positive
in 22 (18.3%) of 120 HCCs (P = 0.008); 17 cases of grade
1, 4 cases of grade 2, and one case of grade 3. Although
E2F5 intensities showed a trend of positive correlation
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Figure 1 Expression pattern of E2F5 in primary hepatocellular carcinoma by tissue microarray based immunohistochemistry. Cytoplasmic staining was
considered E2F5 expression positive. E2F5 expression was absent in all normal liver tissues tested. A: No E2F5 expression; B-D: Grade 1 to 3 E2F5 expression, re-

spectively (x 400).

10

Relative £2F5 expression ratio

o Il

THLE-2

I
THLE-3

HepG2

Figure 2 E2F5 RNA expressions of HepG2 and normal liver cell lines
(THLE-2 and -3). E2F5 gene specific reverse transcriptase polymerase chain
reaction was performed for HepG2, THLE-2 and THLE-3 as described in meth-
ods. In HepG2 cell line, E2F5 RNA expression was up-regulated more than 8
fold compared with that of the normal liver cells.

with tumor grades, it was not statistically significant (data
not shown).

Repression of E2F5 expression by siRNA transfection

To assess the biological effects of E2F5 overexpression
in hepatocarcinogenesis, we used E2F5 gene specific
siRNA to disrupt its expression in the HepG2 liver can-
cer cell line. Before knockdown, we assessed the expres-
sion level of E2F5 in the HepG2 cells by qRT-PCR and
confirmed that the E2F5 expression was up-regulated
more than 8-fold compared with that of the normal liver
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cells (Figure 2). Before transfection, we optimized the
amount of lipofectamine to ensure the maximal trans-
fection efficiency and minimal cellular toxicity (data not
shown). Then we introduced three E2F5 gene specific
siRNA constructs (siE2F5-1, -2, and -3) and siNEG into
the HepG2 cells. The effect of each siRNA on the E2F5
expression level was examined by qRT-PCR and West-
ern blotting analysis. Of the three siRNAs examined,
siE2F5-1 and siE2F5-3 were shown to efficiently repress
the RNA expression level (approximately 90% reduc-
tion) by qRT-PCR (Figure 3A). In the Western blotting
analysis, both siE2F5-1 and siE2F5-3 also efficiently
repressed the E2F5 expression, but the latter was slightly
better than the former (Figure 3B). Therefore, all the
downstream functional analyses were performed using
siE2F5-3 (hereafter called siE2F5).

Effect of E2F5 knockdown on HepG2 cell growth

To explore the effect of E2F5 on HCC cell growth, we
performed proliferation and colony formation assays. In
the proliferation assay, the siE2F5 transfected cells showed
reduced proliferation compared with that of the siNEG
transfected cells by over 75% (P = 0.004, Figure 4A). In
the colony formation assay, the number of colonies from
the siE2F5 treated cells [median 119, interquartile range
(IQR) 116-124] was significantly smaller than that from the
SINEG treated cells (median 243, IQR 228-267, P = 0.004)
(Figure 4B). Next, we examined the E2F5 knockdown
effect on the anchorage independent growth of HCC
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Figure 3 Small interfering RNA-mediated silencing of E2F5 gene expression in HepG2 cells. A: After siE2F5 transfection into the HepG2 cells, E2F5 expression
was measured by real time quantitative reverse transcriptase polymerase chain reaction. Human GAPDH gene was used as an internal control. The X axis represents
samples and the Y axis relative E2F5 expression ratios (siE2F5 or sINEG/control); B: E2F5 expression in Western blotting analysis was measured by densitometry.
Alpha-tubulin was used as an internal control. E2F5 specific signal intensities of siE2F5-treated cells are profoundly repressed compared with SINEG-treated cells.
Control: HepG2 cells without transfection; siNEG: Negative oligonucleotide (SINEG) transfected HepG2.
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Figure 4 Effects of E2F5 knockdown on HepG2 cell growth. Proliferation assay (A), colony formation assay (B), and soft agar assay (C) consistently demonstrat-
ed the inhibition of HepG2 cell growth by E2F5-specific small interfering RNA transfection (x 40).
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Figure 5 Effects of E2F5 knockdown on migration and invasion of HepG2 cells. A: The number of migrating colonies in siE2F5 treated cells was significantly
lower than that in siNEG transfected cells on Matrigel uncoated transwell membrane (P = 0.021); B: The number of invading colonies in siE2F5 treated cells was sig-
nificantly lower than that in SINEG transfected cells into Matrigel coated transwell membrane (P = 0.021).

cells using the soft agar assay. The number of anchorage-
independent colonies of the siE2F5 treated cells (median 7,
IQR 6-9) was significantly reduced as compared with that
of the siNEG treated cells (median 18, IQR 16-22, P =
0.009) (Figute 4C).

Effect of E2F5 knockdown on HepG2 cell migration and
invasion

The number of migrating cells was significantly reduced
by E2F5 knockdown (median 339.5, IQR 331.5-354.5 in
the siNEG treated cells »s median 253.5, IQR 236.5-263,
P =0.021). The number of invading cells was also signifi-
cantly reduced (median 134.5, IQR 130.5-153.5 »s median
95, IQR 87-104, P = 0.021) (Figure 5).

Effect of E2F5 siRNA on cell cycle progression in HepG2
cells

To explore the mechanisms behind the anti-proliferative
effect in the siE2F5 transfected cells, we observed the
cell cycle profile of the HepG2 cells by performing
FACS analysis after siE2F5 transfection. E2F5 knock-
down resulted in the accumulation of G0/G1 phase cells
and the reduction of S phase cells compared with that
of the siNEG tranfected cells. The proportion of G1-
phase cells in the siE2F5 treated cells was 76.5%, while
it was 71.7% in the siNEG treated cells. In contrast, the
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proportion of S phase cells in the siE2F5 treated cells
(5.2%) was much lower than that in the siNEG treated
cells (11.9%) (Figure 06).

DISCUSSION

Amplification of the E2F5 gene has been frequently
observed in diverse human cancers""'*'"". We previously
reported that the 8q21.2 locus, which harbors the E2F5
gene, was recurrently amplified in primary human HCC".
These data suggest the oncogenic potential of E2F5 am-
plification. However, the E2F repressors (E2F4-E2F8)
among the E2F family members have been reported to
show paradoxical behaviors in tumorigenesis”. In Rb*"
E2f47 mice, E2f4 loss suppressed the development of
pituitary and thyroid tumors, which suggested its onco-
genic role in these tissues'". This phenomenon was also
observed in Rb" E2f4”" chimeric mice, whete E2F4 loss
delayed the development and reduced the incidence of
pituitary tumors'”. However, the same Rb”E2f4”" chime-
ras developed ganglionic neuroendocrine neoplasms and
urothelial transitional carcinomas, which indicates a tumor
suppressive role for E2F repressors' . In 3T3 mouse fi-
broblasts, artificially overexpressed E2F4 and E2F5 inhib-
ited malignant transformation, while overexpressed E2F2
and E2F3a showed an oncogenic capacity[zo]. Thus, E2F
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Figure 6 Effect of siE2F5 treatment on HepG2 cell cycle progression.
After siE2F5 transfection into the HepG2 cells, cell cycle profile was examined
by flow cytometry analysis. DNA histogram shows the accumulation of G0/G1-
phase cells in siE2F5 transfected HepG2 cells compared with the SINEG trans-
fected cells.

repressors may play an oncogenic or tumor suppressor
role in a tissue specific manner”.

In this study, we explored the biological consequences
of E2F5 overexpression in hepatocarcinogenesis and
the involved molecular mechanisms. To begin with, we
examined the expression of E2F5 protein in 120 primary
HCCs and 29 normal liver tissues by tissue microatray
based IHC and found that 18.3% of HCCs were posi-
tive, while none of the normal liver tissues wete positive
(P = 0.008). Although there has been no report on E2F5
overexpression in HCC, E2F5 overexpression has been
reported in ovarian and breast cancers' . E2F5 overex-
pression was observed in both eatly and advanced stage
ovarian cancet, and this suggested the potential involve-
ment of E2F5 in the pathogenesis of ovarian cancer' ™.
In breast cancer, E2F5 overexpression was also signifi-
cantly associated with an ER/PR/HER2 triple negative
status and with a worse clinical outcome'. In this study,
we did not find a significant correlation between tumor
grade and E2F5 expression, but the correlation cannot be
excluded because the sample size may not have been large
enough. Associations between E2F5 expression and other
phenotypes were not able to be assessed due to the im-
ited clinical information of the ptimary HCC used in this
study.

We knocked down the E2F5 expression using E2F5
gene specific siRNA transfection to explore the biological
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effects of E2I'5 overexpression in hepatocarcinogenesis.
We found that E2F5 knockdown profoundly repressed
the growth of HCC cells compared with the untransfected
cells. The repression of HepG2 cell growth after E2F5
knockdown was simultaneously observed in the prolifera-
tion, colony formation and soft agar assays. These data
can be related to the results of Polanowska ez a/'"! where
the amplification and subsequent overexpression of the
E2F5 gene promoted cell transformation together with
other oncogenes in human breast tumors. Our results as
well as the previous observations suggested the involve-
ment of E2F5 gene amplification and overexpression in
the tumorigenesis of various cancers including HCC.

It is widely recognized that the E2F family, includ-
ing E2F5, is involved in tumorigenic processes through
deregulation of cell cycle progression™". In order to
understand the nature of the siE2F5-mediated growth
inhibition, we analyzed the cell cycle of the HCC cell line
by FACS analysis after E2F5 knockdown. Consistent with
our prediction, treatment with siE2F5 seemed to arrest
the cell cycle at the GO/Gl phase. In a previous study with
human WI38 fibroblasts, the E2F5 mRNA expression
was maximal in the mid-G1 phase before the E2F1 ex-
pression was detectable, which suggests the contribution
of E2F5 to the regulation of eatly G1 events, including
the G0/Gl transition™, The extent of cell cycle arrest
was relatively small considering the prominent growth
suppression induced by knockdown of E2F5 in this
study. This may indicate the existence of additional ef-
fects of unknown factors added to E2F5 overexpression
in HCC tumorigenesis. Migration and invasion capacities
of HepG2 cells were also significantly inhibited by E2F5
knockdown. However, we did not explore whether E2F5
was directly involved in the migration- or invasion-related
pathways or if the inhibitory effect was due to tepression
of HepG2 cell proliferation. Further functional studies
are required to fully understand the oncogenic roles of
E2F5 in HCC. The E2F5-interacting molecules also need
to be identified to propetly understand the behaviors of
HCC.

To our knowledge, this is the first evidence that E2F5
is commonly overexpressed in primary human HCC and
that E2IF5 knockdown profoundly repressed the growth
of HCC cells. The overexpression of E2F5 may induce
uncontrollable cell cycle progression in liver cells and
eventually contribute to cancer transformation by working
together with other carcinogenic factors. This study will
help to understand hepatocarcinogenesis mechanisms and
to define therapeutic targets of early HCC.
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Although the incidence of hepatocellular carcinoma (HCC) is still high and
the prognosis remains poor, the molecular mechanisms of HCC are largely
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important to understand the mechanisms underlying hepatocarcinogenesis.
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in cell growth and proliferation. Overexpression of E2F5 has been reported in
various human cancers, but not in liver cancer, and its biological implication is
largely unknown. In this study, the authors investigated the expression profile of
E2F5 in primary HCCs and explored the biological effects of E2F5 overexpres-
sion by knockdown of the gene.

Innovations and breakthroughs

This is the first evidence that E2F5 is relatively overexpressed in primary
human HCC. Knockdown of E2F5 expression suppressed growth, invasion,
and migration of HCC cell lines. Overexpression of E2F5 has been found
to induce uncontrollable cell cycle progression, which may contribute to
hepatocarcinogenesis.

Applications

Repressed proliferation of E2F5 silenced cells suggests that blocking this
molecule could be used to decrease the growth of cancer cells in HCC patients.
Expression of E2F5 can also be used as a diagnostic or prognostic marker in
HCC.

Peer review
This is an interesting experimental study regarding the potential role of the tran-
scription factor E2F5 in hepatocarcinogenesis.
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