PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World ] Gastroenterol 2006 May 14; 12(18): 2895-2900
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

BASIC RESEARCH

Partial Beclin 1 silencing aggravates doxorubicin- and Fas-
induced apoptosis in HepG2 cells

Fanny Daniel, Agnés Legrand, Dominique Pessayre, Nathalie Vadrot, Véronique Descatoire, Dominique Bernuau

Fanny Daniel, Agnés Legrand, Dominique Pessayre,
Véronique Descatoire, Dominique Bernuau, Institut National
de la Santé et de la Recherche Médicale, INSERM, U773, Centre
de Recherche Bichat Beaujon CRB3, BP 416, F-75018, Paris,
France; Université paris 7 Denis Diderot, site Bichat, BP 416,
F-75018, Paris, France

Nathalie Vadrot, Université paris 7 Denis Diderot, site Bichat,
BP 416, F-75018, Paris, France

Correspondence to: Fanny Daniel, U773 INSERM (équipe 3),
Faculté de Médecine Xavier Bichat, 16 rue Henri Huchard, Paris
75018, France. fdaniel@bichat.inserm.fr

Telephone: +33-1-44856211 Fax: +33-1-44856207

Received: 2005-08-02 Accepted: 2005-10-09

Abstract

AIM: To investigate the role of Beclin 1 on the
susceptibility of HepG2 cells to undergo apoptosis after
anti-Fas antibody or doxorubicin treatment.

METHODS: Beclin 1 silencing was achieved using RNA
interference. DNA ploidy, the percentage of apoptotic
cells and the mitochondrial membrane potential were
assessed by flow cytometry. Levels of Beclin 1, Bcl-Xt
and cytochrome ¢, and the cleavage of poly (ADP-ribose)
polymerase (PARP) were assayed by using Western
blots.

RESULTS: Beclin 1 expression decreased by 75% 72 h after
Beclin 1 siRNA transfection. Partial Beclin 1 silencing
significantly increased the percentage of subG1 cells
24 and 40 h after treatment with doxorubicin or anti-
Fas antibody, respectively, and this potentiation was
abrogated by treatment with a pan-caspase inhibitor.
Partial Beclin 1 silencing also increased PARP cleavage,
mitochondrial membrane depolarization and cytosolic
cytochrome ¢. The pro-apoptotic consequences of partial
Beclin 1 silencing were not associated with a decline in
Bcl-X. expression.

CONCLUSION: Partial Beclin 1 silencing aggravates
mitochondrial permeabilization and apoptosis in
HepG2 cells treated with an anti-Fas antibody or with
doxorubicin.
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INTRODUCTION

Beclin 1, a recently discovered tumor suppressor gene
located on human chromosome 17q21, is mono-allelically
deleted in 40%-70% of sporadic mammary, ovarian and
prostate tumors!'. Heterozygous beclin 1" transgenic
mice display a high incidence of spontaneous malignancies,
including hepatocellular carcinoma (HCC), although the
remaining beclin 1 allele is neither lost, mutated or silenced
in these tumors™. These data have led to the conclusion
that beclin 1 is a haploinsufficient tumor suppressor.
One mechanism whereby beclin 1 haploinsufficiency can
promote cancer is impaired autophagy, and increased cell
proliferationw. However, it is not yet clear how Beclin 1
modulates cell death in cancer cells.

Several studies have reported a role of Beclin 1 in
autophagic cell death. When embryonic fibroblasts
from Bax/Bak double knockout mice were treated
with etoposide, cells underwent a non-apoptotic cell
death characterized by the presence of a number of
autophagosomes/autolysosomes and the accumulation
of both Beclin 1 and the APG5-APG12 complexm. Cell
death was largely prevented by autophagy inhibitors as
well as by silencing of Beclin 1 or APGH5. In another study,
treatment of mouse 1.929 fibroblastic cells or human U937
monocytoid cells with a pan-caspase inhibitor induced
autophagic cell death. Silencing of Beclin 1 or ATG7,
another protein required for the formation of autophagic
vacuoles, reduced z-VAD-induced cell death. Beclin
1 physically interacts with the anti-apoptotic proteins,
Bcl-2 and Bel-Xi!, but the functional significance of this
interaction on apoptosis is yet unclear. Thus, although
beclin 17" mouse embryos exhibited widespread cell
death and died iz utero, the in vitro apoptotic rate of beclin
1" embryonic stem cells after UV irradiation or serum
withdrawal was not significantly increased compared
to wild-type cells?!. By contrast, mice infected with a
recombinant chimera of the neurotropic Sindbis virus
combined with full-length human Beclin 1 exhibited
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increased survival, fewer apoptotic brain cells and lower
brain viral titers than mice infected with chimeras encoding
a Beclin 1 protein lacking the Bcl-2 binding domain or
with a premature stop codon!”. However, these results did
not provide information on whether the protective effects
of Beclin 1 were a consequence of anti-apoptotic effects,
anti-viral effects, or a combination of both mechanisms.
Lastly, a recent study reported that the over-expression of
Beclin 1 in MKIN28 human gastric cancer cells stimulated
¢is-diamminedichloroplatinum (CDD)- or doxorubicin-
induced cell death, while a Beclin 1 siRNA protected the
cells from apoptosis in the same experimental conditions'”.

We have previously observed a significant correlation
between Beclin 1 and Bcl-Xt mRNA expression in
human hepatocarcinoma (unpublished results), suggesting
that Beclin 1 over-expression may prevent hepatocyte
apoptosis. In order to test this assumption, we investigated
the effect of Beclin 1 silencing on the response of HepG2
cells to apoptotic stimuli. In the present study, we showed
that partial Beclin 1 silencing aggravates the mitochondrial
permeabilization and the apoptotic response induced by an
agonistic anti-Fas antibody or by doxorubicin in a human

HCC cell line.

MATERIALS AND METHODS

Materials

HepG2 cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 100 mL/L fetal
calf serum and 1% penicillin/streptomycin sulfate (Gibco,
Invitrogen).

Small interfering RNA (siRNA) duplexes were
purchased from Dharmacon (Lafayette, CO). We used
the beclin 1 siRNA: 5-CAGUUACAGAUGGAGCUAA
tt-3” (nt 655-673), which is located downstream from the
initiation codon of the human beclin coding region, and
a luciferase siRNA as a control siRNA: 5-CUUACGCU
GAGUACUUCGALtt3’. HepG2 cells (15-25 X 10° cells)
were collected by trypsinization. The pellet was washed
with serum-free OptiMEM (Gibco, Invitrogen) without
antibiotics, and cells were resuspended in 500-600 pL of
the same medium containing 12 umol/L siRNA. After
10 min on ice, cells were electroporated at 230 V, 960 pE.
Cells were resuspended in DMEM containing 100 mL/L
fetal calf serum without antibiotics, and were plated in
60 mm Petri dishes (approximately 10° cells per dish).
Antibiotics were added 3 h later.

In a first treatment protocol, 5 ug/ mL of an agonistic
anti-Fas antibody (7C11, Immunotech, Beckman Coulter,
Miami, FL)) was added 24 h after siRNA transfection, with
or without 10 pmol/L benzyloxycarbonyl-valyl-alanyl-
aspartic acid (o-methyl)-fluoro-methylketone (z-VAD-fmk)
(Alexis, Coger, Paris, France), a pan-caspase inhibitor, and
apoptosis was detected 40 h later, except for the assessment
of cytochrome ¢ release, which was detected at 24 h.

In a second treatment protocol, 6 umol/L doxorubicin
(Sigma, Saint-Louis, MO) was added 48 h after siRNA
transfection, with or without 100 pmol/L z-VAD-fmk, and
apoptosis was detected 24 h later except for the assessment
of cytochrome c release, which was detected at 20 h.
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Measurement of Beclin 1 mRNA expression by
ribonuclease protection assay (RPA)

Attached HepG2 cells were washed twice with PBS and
lysed in 5 mol/L guanidine thiocyanate and 0.1 mol/L
EDTA (pH 7.4). RPA was carried out on cell lysates
without previous RNA extraction”. The following DNA
fragments were used to prepatre riboprobes: a 200-bp
fragment (nt 554-753, accession no. AF139131) from
human beclin 1, and a 131-bp fragment (nt 553-683,
accession no. NM00101) from human S6 used to
normalize mRINA levels. The RPA and the separation of
the protected mRNA fragments by polyacrylamide gel
electrophoresis were performed as previously described"”.
Gel radioactivity was assessed with an Instant Imager
(PerkinElmer, Courtaboeuf, France), and the ratio of the
studied mRNA to the S6 mRNA was computed.

Western blot analysis of Beclin 1 and Bcl-X:

Attached HepG2 cells were washed twice with PBS,
harvested in PBS, and pelleted by centrifugation. The
pellet was weighed and suspended in 2 X Laemmli buffer.
Proteins were separated on SDS-polyacrylamide gels (70 g/L
polyacrylamide for Beclin 1 and 120 g/L for Bcl-Xr) and
transferred onto nitrocellulose membranes. After blocking,
membranes were incubated for 1 h with either the anti-
Beclin 1 antibody supplied by Dr Yoshimori[m], or an
anti-Bcl-Xs/1 antibody (S-18) (Santa Cruz Biotechnology,
Santa Cruz, CA), followed by a horseradish peroxidase-
conjugated anti-rabbit IgG antibody (Immunotech,
Beckman Coulter). Specific bands were detected by an
enhanced chemiluminescence system (Pierce, Rockford,
IL). Membranes were subsequently probed with a
monoclonal anti-f-actin antibody (Sigma), and the (-actin
signal was used to normalize protein loading;

Poly(ADP-ribose) polymerase (PARP) cleavage

Attached and floating HepG2 cells were harvested
in culture medium and pelleted by centrifugation.
Nuclear proteins were extracted according to Sadowski
and Gilman""", After protein measurement (Biorad
Reagent, Pierce), nuclear extracts underwent SDS-7%
polyacrylamide gel electrophoresis and blotting as
described above, and were revealed with a monoclonal
anti-human PARP antibody (clone C2-10, BD Pharmingen,
San Diego, CA).

Assessment of cell DNA content by flow cytometry
Pooled, free and adherent HepG2 cells were centrifuged,
washed with PBS and fixed with 700 mL/L cold ethanol.
The pellet was resuspended in 100 uL. RNAse A (180
ug/mL) and incubated at room temperature for 30 min.
Propidium iodide (Merck, Darmstadt, Germany; final
concentration, 50 pg/mL) was added, and cells were
incubated at room temperature in the dark for 15 min. The
percentage of cells with a low DNA content (subG1 cells)
was quantified by flow cytometry using an Epics Elite
ESP coulter cytometer (Beckman coulter, Fullerton, CA).
Propidium iodide was excited at 488 nm and fluorescence
was analyzed at 630 nm.
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Figure 1 Beclin 1 mRNA expression after transfection of HepG2 cells with a Beclin
1 siRNA or a control siRNA. A: Representative RPA gel; B: Quantification of the
Beclin1/S6 mRNA ratio. Results are means + SE for 4 experiments (P < 0.05 vs C).

Assessment of the mitochondrial membrane potential by
flow cytometry

To determine the mitochondrial membrane potential,
we used DIOCG6(3) (Molecular Probes, Eugene, OR), a
lipophilic cationic dye, which accumulates into polarized
mitochondria. Free and adherent HepG2 cells were
collected, rinsed with PBS, and suspended in the culture
medium. DIOC6(3) was added at a final concentration of
100 nmol/L, and cell suspensions were incubated at 37 'C
in the datk for 30 min. Propidium iodide (1.5 pmol/L)
was added before flow cytometry to exclude dead cells and
to only take into account the fluorescence DIOCG6(3) in
living cells. DIOCG6(3) fluorescence was measured by flow
cytometry. DIOCG6(3) was excited at 488 nm and detected
at 510 nm.

Measurement of cytochrome c release

Mitochondrial and cytosolic extracts were prepared using
the ApoAlert™ cell fractionation kit (BD Biosciences
Clontech, Mountain View, CA, USA). Equal levels of
protein were separated on SDS-12.5% polyacrylamide gel
electrophoresis, transferred and immunoblotted with an
anti-cytochrome ¢ antibody supplied with the kit.

Statistical analysis

Data were expressed as means £ SE. An unpaired Student’s
# test was used to assess statistical differences between
HepG2 cells transfected with the control siRNA or the
Beclin 1 siRNA. A paired Student’s 7 test was used to
assess differences resulting from treatments in control
siRNA- or in Beclin 1 siRNA-transfected HepG2 cells.

RESULTS

Effects of partial Beclin 1 silencing on Fas- and
doxorubicin-mediated apoptosis

We used RNA interference to partially silence the Beclin 1
gene in HepG2 cells. The Beclin 1 mRNA was decreased
by 57%, 61% and 65%, 24, 48 and 72 h after transfection
of the Beclin 1 siRNA, respectively (Figure 1), and the
Beclin 1 protein was decreased by 48%, 54% and 76%,
respectively (Figure 2).

We then measured the percentage of cells with a
decreased DNA content (subG1 cells) as a consequence
of DNA fragmentation after treatment of transfected cells
with doxorubicin or with an agonistic anti-Fas antibody,
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Figure 2 Beclin 1 protein expression after transfection of HepG2 cells with a
Beclin 1 siRNA or a control siRNA. A: Representative Western blot of Beclin 1 and
f3-actin; B: Quantification of the Beclin 1 protein normalized to B-actin. Data are
means + SE for three experiments (°P < 0.05 vs C).

which both trigger apoptotic cell death in HepG2
cells!"™*"!. We compared the percentage of cells with a
subG1 DNA content in HepG2 cells transfected with the
control siRNA (control cells) or the Beclin 1 siRNA (Be'
cells) (Figure 3). The percentage of subGl cells was not
significantly increased in the untreated Be cells compared
to the untreated control cells (Figure 3B). However, after
exposure to the anti-Fas antibody or doxorubicin, the
increase in subG1 cells was much higher in the Be cells
compared to the control cells (Figure 3B). In both control
cells and Be cells, the pan-caspase inhibitor z-VAD-fmk
markedly decreased subG1 cells after treatment with the
anti-Fas antibody or doxorubicin (Figure 3C).

We also studied the apoptotic response of HepG2
cells by assessing PARP cleavage (Figure 4). The cleaved
p85 fragment of PARP was not detected in the untreated
control cells or untreated Be' cells. After treatment with the
anti-Fas antibody, the cleaved p85 fragment was still absent
in the treated control cells, but present in the treated Be
cells. After treatment with doxorubicin, the p85 fragment
was more abundant, and the uncleaved p116 fragment less
abundant, in the Be cells compared to the control cells
(Figure 4).

Since the apoptotic effects of Fas or doxorubicin are
amplified by mitochondria™*'", we determined whether
Beclin 1 depletion increases the mitochondrial pathway of
apoptosis by first assessing changes in the mitochondrial
membrane potential (Figure 5). The percentage of living
cells with a low mitochondrial membrane potential was not
significantly increased in the untreated Be cells compared
to the untreated control cells. After treatment with the
anti-Fas antibody or doxorubicin, the percentage of
living cells with a low mitochondrial membrane potential
was significantly higher in the Be cells than that in the
control cells (Figure 5). We next investigated whether
Beclin 1 silencing increases the release of mitochondrial
cytochrome ¢ into the cytosol after treatment with the
anti-Fas antibody or doxorubicin*'”, We firstly checked
that the cytosolic fraction was not contaminated by
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Figure 3 Percentage of subG1 cells after treatment of siRNA-transfected HepG2
cells with an agonistic anti-Fas antibody or doxorubicin. A: Representative flow
cytometry analysis of the cell cycle; B: Quantification of the subG1 peak. Results
are means + SE for 5 to 8 experiments (°P < 0.05 vs untreated cells; °P < 0.05
vs cells transfected with the control siRNA); C: Effects of z-VAD-fmk. The figure
shows the mean percent decrease in subG1 cells for 3 to 5 experiments (°P < 0.05
between cells incubated with and without z-VAD-fmk).

mitochondria by assessing COX4 (data not shown).
Cytosolic cytochrome ¢ was increased by the anti-Fas
antibody or the doxorubicin treatment in the control cells,
and this increase was further enhanced in the Be cells
compared to the control cells, particulatly after treatment
with the anti-Fas antibody (Figure 6).

To test whether this effect could be mediated by
decreased Bcl-Xu expression, we assessed this protein in
the untreated and treated cells (Figure 7). Bcl-Xt was not
significantly decreased 24, 48 or 72 h post-transfection
in the cells transfected with Beclin 1 siRNA compared
to the cells transfected with the control siRNA (Figures
7A-B). Treatment with the anti-Fas antibody caused no
further changes (Figures 7C-D). Although treatment
with doxorubicin tended to decrease Bcl-Xu expression
in the control cells, and even more in the Be  cells, the
doxorubicin-mediated decline in Bcl-Xi did not differ
significantly between the control cells and Be cells
(Figures 7C -D).
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Figure 4 Western blot analysis of PARP cleavage after treatment of siRNA-
transfected HepG2 cells with an agonistic anti-Fas antibody or doxorubicin.
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Figure 5 Assessment of the mitochondrial membrane potential in HepG2 living
cells after siRNA transfection and treatment with an agonistic anti-Fas antibody
or doxorubicin (Dox). In four to five different experiments, the percentage (mean
+ SE) of cells with a low mitochondrial membrane potential was 4.5 + 1.3% in C
cells, 7.7 £ 2.9% in the Be- cells, 29.1 + 4.9% in C cells treated with the Fas Ab,
52.5 £ 7.1% in Be- cells treated with the Fas Ab (P < 0.05 vs treated C cells), 23.6
+ 3% in C cells treated with Dox, and 38.8 + 3.8% in Be- cells treated with Dox (P
<0.05 vs treated C cells).

DISCUSSION

Although beclin 1 haploinsufficiency is involved in several
extrahepatic human cancers'™", and increases the frequency
of wvarious tumors, including HCC in transgenic mice™,
its role in human HCC is still not clear' ", and its potential
involvement in liver apoptosis has not been investigated
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Figure 6 Assessment of cytochrome c release in HepG2 cells after siRNA
transfection and treatment with an agonistic anti-Fas antibody or doxorubicin.
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Figure 7 Expression of the Bcl-X. protein after siRNA transfection, and treatment
with an agonistic anti-Fas antibody or doxorubicin (Dox). A: Representative
Western blot of Bcl-Xt. and B-actin; B: Quantification of the Bcl-X./B-actin ratio
(mean £ SE for 5 experiments); C: Representative Western blot of Bcl-X. and
B-actin after incubation with or without Dox or an anti-Fas; D: Quantification of
the Fas Ab- or Dox-induced change in Bcl-X. expression (means + SE for 4 to 5
experiments).

yet. The aim of the present study was to assess the effects
of partial Beclin 1 silencing on the susceptibility of
HepG2 human hepatoma cells to undergo apoptosis.

In the cells transfected with a Beclin 1 siRNA (Be cells),
the Beclin 1 protein was decreased by 50% at 24 h and
by 75% at 72 h compared to the cells transfected with a
control siRNA (control cells). Although the spontaneous

apoptotic rate of the Be™ cells was not significantly
increased over that of the control cells, their apoptotic
response to doxorubicin or an agonistic anti-Fas antibody
was markedly aggravated (Figure 3). The percentage
of subG1 cells was much higher in the treated Be cells
compared to the treated control cells (Figures 3A-B) and
dropped significantly when cells were pre-treated with
the pan-caspase inhibitor, z-VAD-fmk (Figure 3C). In
addition, PARP cleavage was more extensive in the treated
Be cells than that in the treated control cells, especially
after doxorubicin poisoning (Figure 4).

Two reasons prompted us to investigate the potential
effect of Beclin 1 depletion on the mitochondrial pathway.
Firstly, Beclin 1 physically interacts with Bcl-2 or Bel-
X two anti-apoptotic proteins predominantly localized
to the mitochondrial membrane that prevent loss of
mitochondrial membrane potential and cytochrome ¢
release!"™. Secondly, the apoptotic effects of Fas or
doxorubicin are amplified by mitochondria, in particular in
hepatocytes and hepatoma cell lines" """ The dissipation
of mitochondrial membrane potential after anti-Fas
antibody or doxorubicin treatments was more severe, and
the cytochrome ¢ release was more abundant in the Be cells
than that in the control cells (Figures 5 and 6), suggesting
that Beclin 1 depletion activates the mitochondrial pathway
of apoptosis. In a previous study, the over-expression of
full-length human Beclin 1 was associated with decreased
neuronal apoptosis in mice infected with the neurotropic
Sinbis virus, whereas a deleted Beclin 1 construct lacking
the region interacting with Bcl-2 or Bcl-Xt was not
protective[7]. This previous observation may suggest that
the interaction of Beclin 1 with either Bcl-2 or Bcl-Xu is
essential for the anti-apoptotic effects of Beclin 1", Since
several studies have reported that Bcl-2 is not constitutively
expressed in HepG2 cells™™?
does not protect these cells from Fas or doxorubicin
treatment™ ! Bcl-X1. seems to be the major anti-apoptotic
protein in the HepG?2 cell line. In the present study, partial
Beclin 1 silencing increased apoptosis without significantly
decreasing the Bcl-Xi protein (Figure 7), suggesting that
normal Beclin 1 levels are required to protect HepG2
cells from apoptotic stimuli, possibly by maintaining the
expression of the Bcl-Xi-Beclin 1 complex. How does the
interaction between Beclin 1 and Bcl-Xt or other proteins
act to modulate mitochondrial permeabilization and
apoptosis remains to be determined.

In contrast to our results, Furuya ez 2/” instead observed
that Beclin 1 over-expression aggravated CDD- or
doxorubicin-induced apoptosis in a gastric cancer cell
line, while Beclin 1 silencing had the opposite effects”.
However, Beclin 1 silencing did not protect another gastric
cancer cell line (with lower Bcl-2 and Bel-Xi. expression)
against CDD-mediated apoptosis. It thus appears that
Beclin 1 differently modulates apoptosis in different cell
lines. Although reasons for these differences are unknown,
changes in the molecular environment of Beclin 1 from
one cancer cell line to another might be involved, including
different expression of Bcl-2 and Bel- X1 and other pro-
apoptotic proteins of the Bcl-2 family interacting with
these proteins, but not with Beclin TR

I and Bcl-2 over-expression
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In conclusion, our data demonstrate that partial Beclin 1
silencing augments the mitochondrial permeabilization and
the apoptosis induced by Fas stimulation or doxorubicin
treatment in hepatoma-detrived HepG2 cells. As Takehara
et al® reported that down-expression of Bcl-XL by
antisense oligonucleotide aggravates apoptosis induced by
staurosporine or serum deprivation in HepG2 cells, the
use of both Beclin 1 and Bcl-Xut. antisense oligonucleotides
in combination with chemotherapeutic drugs might
efficiently trigger apoptosis in human hepatocarcinoma.
The different effects of Beclin 1 on apoptosis in different
cell lines™™ show that Beclin 1, unlike Bcl-2 or Bel-Xu,
can be pro-apoptotic, anti-apoptotic or non-effective,
depending on the cellular context.
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