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ABSTRACT

Previously, we demonstrated that a plant steroid, diosgenin, altered cell cycle distribution and induced apoptosisin
the human osteosarcoma 1547 cell line. The objective of this study was to investigate if the antiproliferative effect of
diosgenin was similar for different human cancer cell lines such as laryngocarcinoma HEp-2 and melanoma M4Beu
cells. Moreover, thiswork essentially focused on the mitochondrial pathway. We found that diosgenin had an important
and similar antiproliferative effect on different types of cancer cells. In addition, our new results show that diosgenin-
induced apoptosisis caspase-3 dependent with afall of mitochondrial membrane potential, nuclear localization of AIF
and poly (ADP-ribose) polymerase cleavage. Diosgenin treatment also induces p53 activation and cell cycle arrest in the

different cell lines studied.
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INTRODUCTION

Programmed cell death or apoptosis plays an important
rolein normal development and isimpaired in many types
of cancer. The tumor suppressor protein p53 is a principal
factor in regulation of growth arrest as well as apoptosis
[1]. Many apoptotic signals are mediated to the cell death
machinery via p53[2]. It interacts with other proteins or
functions as a transcription factor[3, 4]. Indeed, in
response to various types of stress, p53 becomes acti-
vated and, as a consequence, cells can undergo marked
phenotype changes, ranging from increased DNA repair
to senescence and apoptosig[5].

Apoptosisis characterized by chromatin condensation
and DNA fragmentation, and is mediated by the cysteine
protease family called caspases[6]. Mitochondria are in-
volved in a variety of key events, including release of
caspase activators, changes in electron transport, loss of
mitochondrial membrane potential (Aym), and participa-
tion of both pro- and anti-apoptotic Bcl-2 family proteins
[7-9]. Alterations in mitochondria structure and function
have been shown to play acrucia rolein caspase-9-depen-
dent apoptosis[10] by releasing apoptotic factors from
mitochondriaincluding cytochrome c[11]. In this manner,
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released cytochrome c interacts with Apaf-1 and pro-
caspase-9 to form the apoptosome. Then caspase-9 cleaves
and activates caspase-3, the executioner caspase, which
cleaves poly (ADP-ribose) polymerase (PARP) and acti-
vates endonucleases leading to DNA fragmentation [10].

In response to apoptogenic stimuli, the mitochondrial
protein apoptosis-inducing factor (AIF) translocates
through the outer mitochondrial membrane to the cytosol
and to the nucleus, resulting in the induction of nuclear
chromatin condensation and large DNA fragmentationin a
caspase-independent manner[12-15].

Previously, we showed that diosgenin, a plant steroid,
atered cell cycle and induced apoptosis in the human os-
teosarcoma 1547 cell ling[16]. Recently, we compared
diosgenin with two other plant steroids (hecogenin and
tigogenin) in the same cell line and among these three plant
steroids, diosgenin appeared to be the most effective in
inducing cell death[17]. In order to know if results ob-
tained with diosgenin on 1547 cells could be extended to
other types of cancer cells, we tested this molecule on
laryngocarcinomaHEp-2 cellsand melanomaM4Beu célls.
Moreover, to gain further insight into the mechanisms by
which diosgenin induces apoptosisin human cancer cells,
we examined in this study the functional status of caspases
on apoptosis rate and the effect of diosgenin on mitochon-
drial integrity in the two human cancer cell lines (HEp-2
and M4Beu cells).
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MATERIALSAND METHODS
Cdll lines, cdll cultureand treatment

The HEp-2 human laryngocarcinoma and M4Beu human mela-
noma cell lines were kindly provided respectively by Professor M.
Cogné(Laboratoired' Immunologie, Faculté de M édecinede Limoges,
France), and Professor C. Delage (L aboratoire de Chimie Physique et
Minérale, Faculté de Pharmacie de Limoges, France). HEp-2 cells
were seeded at 3.5x10° cells/'cm? and grown in Dulbecco’ s modified
Eagle medium (Gibco BRL, Cergy-Pontoise, France) containing 10%
fetal calf serum (FCS), 100 U/ml penicillin and 100 pg/ml
streptomycin. M4Beu cellswere seeded at 5x10° cells'cm? and grown
in Eagle’ s minimum essential medium supplemented with 10% FCS,
1% vitamins, 1% non essentials aminoacids, 20 pg/ml gentamicin.
Cultures were maintained in a humidified atmosphere with 5% CO,
at 37°C. Cell viability was determined by the trypan blue dye exclu-
sion method. For all experiments and for all cell lines, cells were
alowed to adhere and grow for 3 d in culture medium prior to expo-
sure to diosgenin. A stock solution of 10 M diosgenin was prepared
in ethanol and diluted in culture medium to give afinal concentration
of 20-100 uM. The same amount of ethanol was added to control
cells. We worked with 20-100 uM of diosgenin to compare results
obtained with 1547 cell5[16].

Céll proliferation assay

Measurement of cell proliferation was determined using the 3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. Cells were plated in 96-well culture plates and grown 3 d
before treatment with 20-100 M diosgenin for 24-96 h. MTT was
carried out daily as previously described[18] and experiments were
performed in sextuple assay.

Protein expression analysis

Cellswere cultured in 150 cm? tissue culture flasks. After 40 uM
diosgenin treatment, adherent cells were trypsinized and pooled with
the floating cell fraction. Western blot analysis was performed as
previously described[16] using the primary monoclonal antibodies
[-actin [mouse anti-human -actin (1:5000), Sigma], Bcl-2 [mouse
anti-human Bcl-2 (1:1000), Dako], Bax [mouse anti-human Bax (1:
2000), Immunotech], p53 [mouse anti-human p53 (1:1000), Santa
Cruz Biotechnology], PARP[mouse anti-human PARP (1:100), Santa
Cruz Biotechnology] and respective secondary polyclonal antibod-
ies conjugated with peroxidase (Dako). Blots were visualized using
enhanced chemiluminescence reagents (Amersham Biosciences) and
immediately exposed to X-ray films.

For subseguent immunofluorescent |abelling of phospho-p53
protein and PARP p85 fragment, adherent cells were fixed in glut-
araldehyde-formal dehyde (0.25%-1%) in Tris buffered saline (TBS,
pH 8) for 2 min at 37°C and washed twice with TBS. Cells were
permeabilized with 0.1% sodium citrate-0.1% triton X100 for 20
min at room temperature, and non-specific Fc-binding sites were
blocked by incubation with 0.1% (w/v) bovine serum albumin (BSA)
in TBS pH 8 for 45 min. Cellswereincubated overnight at 4°C with
mouse monoclonal antibody anti-human phospho-p53[1:200in TBY
0.1% (w/v) BSA; Calbiochem] or mouse polyclonal antibody anti-
human PARPp85 fragment [1/500in TBS/0.1% (w/v) BSA; Promega].
After washing 3x5 min with TBS, cellswerelabelled for 40 min with
biotinylated anti-mouse 1gG (1:200 in TBS; Interchim). Cells were

washed and |abelled for 40 min with FITC-conjugated streptavidin
(1:1000 in TBS; Dako), washed again three times with TBS, and
mounted with immumount (Shandon). Immunofluorescence pictures
were taken with a Nikon microscope ECLIPSE E800 (Nikon
Corporation).

Cédl cycleanalysis

Cellswere seeded in 25 cm? tissue culture flasks and cultured in
10% FCS medium without or with diosgenin (40 uM) for 12 and 24
h. Floating and adherent cells were combined and cell viability was
determined by the trypan blue dye exclusion method. For DNA
content analysis, 10° cellswerefixed and permeabilized in 70% ethanal,
washed in phosphate-buffered saline (PBS, pH 7.4) treated with
RNase (40 U/ul, Boehringer Mannheim) and stained with propidium
iodide (PI) (50 pg/ml). Flow cytometric analyses were performed as
previously described[16].

Apoptosisquantification : DNA fragmentation

Cells were cultured in 6-well culture plates. After diosgenin
treatment, apoptosis was quantified on pooled cells (floating and
adherent) using the ‘ cell death’” enzyme-linked immunosorbent as-
say (ELISA) (Cell Death Detection ELISAP', Roche Diagnostics).
Cytosol extracts were obtained according to the manufacturer’s pro-
tocol and apoptosis was measured as previously described[16].

Mitochondrial membranepotential (Aym)

Aym was estimated using 5,5,6,6 -tetrachloro-1,1',3,3’ -
tetraethylbenzimidazole carbocyanide iodide (JC-1, Molecular
Praobes). JC-1 isafluorescent compound that exists asamonomer at
low concentrations. At higher concentrations, JC-1 forms aggregates.
Fluorescence of the monomer is green, whereas that of the JC-1
aggregate isred. Mitochondria with intact membrane potential con-
centrate JC-1 into aggregates which fluoresce red, whereas de-ener-
gized mitochondriacannot concentrate JC-1 and fluoresce green [19].

Cellswere grown for 72 h before treatment with 40 uM diosgenin
for 6 and 24 h. Control cells were grown in medium containing the
same amount of ethanol as treated cells. Adherent cells were incu-
batedin 1 ml of medium containing JC-1 (1 pg/ml) for 30 minat 37°C
and pictures were taken with a Nikon microscope ECLI1PSE E800.

Cytosol/Mitochondria/Nuclear fractionationfor AIF
localization

Fractionation was realised using Mitochondria/Cytosol Fraction-
ation Kit (BioVision). Floating and adherent cellswere combined and
resuspended in 0.5 ml of cold cytosol extraction buffer. After 10 min
onice, cells were homogenized in a Potter homogenizer and centri-
fuged for 10 min at 700 g to separate unlysed cells and nuclei from
first supernatant (S1). The pellet of unlysed cells and nuclei was
resuspended in nuclear buffer [500 mM KCl, 25 mM HEPES (pH 7.8),
1 mM PMSF, 100 uM DTT, 10% glycerol] centrifuged 10 min at
20,000 g and the supernatant (S2) was collected asthe nuclear fraction.
Then, S1 supernatant was centrifuged at 10,000 g for 30 min. The
new supernatant (S3) represented the cytosolic fraction, whereas
the pellet, resuspended in mitochondriaextraction buffer, represented
the mitochondrial fraction. The protein concentration in cytosolic
and nuclear fractionswere determined by the Bradford method. Equal
amounts of cytosolic and nuclear fractions from control and treated
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Fig 1. Inhibition of proliferation in HEp-2 and M4Beu cells after
diosgenin treatment. After 3 d, cellswere cultured in 10% FCS me-
dium and treated with 40 uM diosgenin for 24-96 h. Results are
presented as percentage of control (untreated cells) and values are
expressed as means + SD of six experiments (*p-value relative to
control group, p<0.05).

cells were subjected to Western blot analysis of AIF using rabbit
anti-human AIF (1:1000, Sigma) and B-actin (mouse anti-human {3-
actin (1:5000), Sigma) antibodies.

Caspaseactivities

After 40 uM diosgenin treatment for 12 and 24 h, cells were
homogenized in lysis buffer according to the manufacturer’s proto-
col (CaspACE™Assay System Fluorometric, Promega). Fluoromet-
ric assays were conducted in white opaque tissue culture plates
(Falcon, Becton Dickinson Labware, NJ, USA) and all measure-
ments were carried out in triplicate. First, 100 pl of assay buffer (10
mM DTT, DM SO, Caspase Buffer) (Promega) were added to each
well. Peptide substrates for caspase-3 [Ac-DEVD-7-amino-4-
methylcoumarin (AMC)] and caspase-9 (Ac-LEHD-AMC) were
added to each well to a final concentration of 2.5 mM. Caspase
inhibitor (Ac-DEVD-CHO) was also used at aconcentration of 2.5 mM
just before the addition of the substrate. The supernatant of each cell
lysate collected was added to each well to start the reaction. Back-
ground fluorescence was determined in wells containing assay buffer
and substrate without cell lysate. Assay plates were incubated at 37 °C
for 1 hfor the measurement of both caspase activities. Fluorescence
was measured with amicroplate reader (Fluorolite 1000, Dynatech
Laboratories, Dynex Technologies, Labsystems) using 360 nm exci-
tation and 460 nm emission filters. Raw data [Relative Units of
Fluorescence (RUF)] corresponded to the concentrations of AMC
released[20].

Statistical analysis

The median and standard deviation (SD) were calculated using
Excel (Microsoft Office, Version 98). Statistical analysis of differ-
ences was carried out by analysis of variance (ANOVA) using
StatView (Version 5.0). p<0.05 (Fisher's PLSD test) was considered
toindicate significance.
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RESULTS
Diosgenin and cell proliferation

Cellswere cultured in 10% FCS-medium with or with-
out 20-100 pM diosgenin for 24-96 h and cell prolifera-
tion was evaluated by the MTT test. Under our experi-
mental conditions, 40 UM diosgenin caused a significant
decrease in proliferation as early as 24 h after treatment
on HEp-2 and M4Beu cells[76% (p<0.05) and 91% (p<0.05)
respectively] and continued to decline until 96 h (Fig 1).
As the concentration of 20 uM wesakly inhibit cell prolif-
eration [10 % for both cell lines, p<0.05 (data not shown)],
we choose 40 uM for following experiments.

p53 expression and cell cycle analysis

To ascertain the potential mechanisms by which dios-
genin inhibited cancer cell proliferation rate, we studied
the expression of p53 and the distribution of the cell cycle
(Fig 2 and 3 respectively) in HEp-2 and M4Beu cells.
Western blot analysis of p53 showed no significant differ-
ence in expression for HEp-2 treated cells versus control
(Fig 2A) and a decrease for M4Beu treated cells (2-fold
versus control, p<0.05) (Fig 2C). However, immunohis-
tochemistry analysis revealed that activated-p53
(phosphorylated-p53) was expressed and localized in a
diffuse manner in treated cells (Fig 2B, b and 2D, d for
HEp-2 and M4Beu cells respectively) compared to con-
trols (Fig 2B, aand Fig 2D, c) as previously described in
1547 cellg[17].

Moreover, cell cycle analysis showed cell cycle arrest
for HEp-2 and M4Beu cdlls, asfor 1547 cells[16]. Indeed,
diosgenin blocked HEp-2 cellsin the S phase at 24 h and
M4Beu cellsin the G,/M phaseat 12 h (Fig 3).

DNA fragmentation and analysis of Bax/Bcl-2 ratio

Quantitative determination of cytoplasmic histone-as-
sociated-DNA-fragments (mono- and oligonucleosomes)
was performed with ELISA in HEp-2 and M4Beu cells.
Results showed that DNA fragmentation was enhanced
(2.5-fold, p<0.05) in treated HEp-2 cells and strongly in-
duced in treated M4Beu cells (23-fold, p<0.05) compared
to each control (Fig 4).

Apoptotic ratio (Bax/Bcl-2) obtained with Western blot
indicated that only theratio for M4Beu cellsincreased (1.6-
fold versus control, p<0.05) in contrast to HEp-2 cells
after diosgenin treatment (Fig 5B and A, respectively).

Effect of diosgenin on mitochondrial membrane
potential (Aym)

Aym was analysed in adherent cell lines after 6 and 24 h
treatment with diosgenin using JC-1, alipophilic cationic
probe. Fluorescence observed in Fig 6 showed Aym
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Fig 2. (A and C), p53 Western blot analysisin HEp-2 and M4Beu cells. Total protein was extracted from the cells and separated
on 10% SDS-PAGE gel. Cellular expressions of p53 and 3-actin were estimated using mouse anti-human p53 and p-actin
antibodies respectively. Quantification of each band was performed by densitometry analysis software and results were
expressed relative to control. One of three representative experimentsis shown. (B and D), Immunofluorescence detection of
phospho-p53 protein in HEp-2 and M4Beu cells. Cells were treated or not (photos a and c) with 40 uM diosgenin for 24 h
(photos b and d). Immunofluorescence pictures were taken with a Nikon microscope ECL IPSE E800(x500).

differences. At 6 h, treated HEp-2 cells showed an in-
crease of green fluorescence compared to control, indi-
cating that Aym was diminished (Fig 6). This result was
confirmed by the 24 h treatment with diosgenin (data not
shown). In return, we showed that diosgenin was less
effective on M4Beu cells (Fig 6).

Subcellular redistribution of apoptosisinducing
factor (AIF)

Involvement of AlF in diosgenin-induced apoptosiswas
analysed by Western blot on subcellular fractions of ad-
herent and floating cells. The quality of cytosolic and
nuclear fractionsis shown by B-actin expression (Fig 7).
After 40 uM diosgenin for 6 h, we observed a nuclear
accumulation of AIF in HEp-2 and M4Beu célls (Fig 7).

Caspase activities

Caspase-3 and -9 activities were analysed in each cell
lines. Caspase-3 and -9 activities were unchanged at 12 h
in HEp-2 cells (Fig 8). At 24 h, their activities were en-
hanced significantly (1.2-fold for caspase-9 and 1.6-fold
for caspase-3 versus controls, p<0.01) (Fig 8).

In M4Beu cells, caspase-9 activity was moderately in-
duced at 12 and 24 h [1.3-(p<0.01) and 1.2-fold (p<0.05)
at 12 and 24 h respectively versus controls] (Fig 8),
whereas caspase-3 activity was more markedly induced
at the same time (3.4- and 2.2-fold respectively versus
controls, p<0.01) (Fig 8).

PARP cleavage

Since PARP s asubstrate for activated caspases and is
typically cleaved and inactivated during the apoptotic
process, we analysed PARP cleavage on adherent and
floating cells after 24 h treatment with diosgenin. Partial
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Fig 3. Cell cycle analysis of HEp-2 and M4Beu cells. Cells were treated or not with 40 uM diosgenin for 12 and 24 h. Cell phase
distribution was determined by Pl staining and Facs analysis. The experiments were performed three times, representative results are
shown. Diosgenin treated cells showed acell cycle arrest in S phase at 24 h for HEp-2 and in G,/M phase after 12 h for M4Beu cells.
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Fig 4. DNA fragmentation after diosgenin treatment. Apoptosis
was quantified on floating and adherent cellsusing ELISA. Apoptotic
ratio (top of diosgenin bar) was determined as sample absorbance/
control absorbance. Values are expressed as means + SD (*p-value
relative to control group, p<0.05).

PARP cleavage was observed in M4Beu and HEp-2 cells
after Western blot analysis: Fig 9 shows the native form
(112 KD) and the 85 KD fragment of PARP. These results
were confirmed by immunohistochemistry which indicates
positive nuclear fluorescence for HEp-2 and M4Beu cells
after diosgenin treatment compared with untreated controls.

DISCUSSION

It is of great importance to understand the mechanisms
of apoptosisin cancer cells, as apoptosis is believed to be
one of the major consequences of anticancer drug treat-
ment against malignancies. Recently, we showed that three
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Fig 5. Bax and Bcl-2 analysis expression in HEp-2 and M4Beu cdlls.
(A and B), Western blot analysis. HEp-2 and M4Beu cells were
treated or not for 24 h with 40 uM diosgenin (Dios). Total protein
was extracted from the cells and separated on 15% SDS-PAGE gel.
Cellular expression of Bax, Bcl-2 and B-actin were estimated using
mouse anti-human Bax, Bcl-2 and 3-actin antibodies. Quantification
of each band was performed by densitometry analysis software.
One of three representative experiments is shown.

plant steroids had pro-apoptotic properties on osteosar-
coma 1547 cellg[16,17]. As diosgenin is the most effec-
tive in induction of apoptosis on 1547 cdllg[17], the aim of
this study isto verify if its action was also similar on other
cancer cell lines such as laryngocarcinoma HEp-2 cells
and melanoma M4Beu cells. Our results showed that
diosgenin strongly inhibited proliferation of HEp-2 and
M4Beu cells and blocked the cell cycle as previously de-
scribed in 1547 cellg[16]. It is now established that the
tumor suppressor p53 inhibits cell growth through activa-
tion of cdl cycle arrest[3, 21] and apoptosg22]. Regulation
of p53 activity is through multiple mechanisms, one of
which is phosphorylation[23]. Indeed, it was established



Cell Research, 14(3), June 2004

Cecile CORBIERE et &

HEp-2

Control

Control

Diosgenin

Fig 6. Mitochondrial membrane potential (Aym) analysis after diosgenin treatment. Cells were cultured in 10%
FCS medium during 3 d and treated or not with 40 uM diosgenin. After treatment, adherent cells were incubated
with medium containing JC-1 (1pg/ml) for 30 min at 37°C. Red fluorescence represents mitochondriawith intact
membrane potential whereas green fluorescence represents de-energized mitochondria. Pictures were taken with a
Nikon microscope ECLIPSE E800 (x400). One of three representative experiments is shown.

that phosphorylation of p53 protein may play a critical
roleinits stabilization, up-regulation, and functional acti-
vation[24]. We used antibody against p53 phosphoserine-
392 to detect phosphorylation of p53 at serine 392. This
site isinvolved in regulating the stabilization of p53 by
enhancing tetramer formation. Then, this phosphorylation
activates the DNA binding activity of p53. In our study,
immunofluorescence reveal ed that treatment of HEp-2 and
M4Beu cells with diosgenin markedly increased the cellu-
lar expression of activated p53 as previously described in
1547 cellg[17]. Furthermore, diosgenin caused cell cycle
arrest in S and G,/M phases in HEp-2 and M4Beu cells
respectively in contrast to 1547 cells which showed a cell
cyclearrest in G,[16]. It is known that p53 isinvolved in
controlling entry into mitosiswhen cellsenter G, with dam-
aged DNA or when they are arrested in S phase due to
depletion of substrates required for DNA synthesig[25].
Frey et al[26] showed that genistein, an isoflavone, caused
aG,/M block in cell cycle progression inducing p53.
Another mechanism by which diosgenin produced an
anti-proliferative effect on cancer cells was the induction
of apoptosis. To compare the effect of diosgenin on in-
duction of apoptosis between 1547 cellg[16] and two other
cancer cdl lines (HEp-2 and M4Beu), apoptosiswaseva u-
ated by ELISA performed on pooled cell fractions (floating
and adherent). Moreover, the Bax/Bcl-2 ratio, which isa

critical determinant of apoptosis[27, 28], was determined
by Western blot analysis. In our conditions, the apoptotic
ratio obtained by ELISA increased in HEp-2 and M4Beu
cells as we described in 1547 cellg[16]. Only Bax/Bcl-2
ratio was enhanced for M4Beu cellsin contrast to HEp-2
cells. Thisresult confirmsthat melanomaM4Beu cellswith
ahigh Bax/Bcl-2 ratio tend to have an increased apoptotic
ratio after diosgenin treatment as observed in osteosar-
coma 1547 cellg[16]. A similar observation has aso been
reported in certain human melanoma cells, showing asig-
nificant correlation between CD95/Fas-mediated apoptosis
and the Bax/Bcl-2 ratio[29].

Mitochondria have, apart from their function in res-
piration, an important role in the apoptotic-signalling
pathway. Malfunctioning at any cellular level iseventually
translated by the release of apoptogenic factors like cyto-
chrome c and AlF from the mitochondrial intermembrane
space resulting in the organized demise of the cell[30].
Mitochondria possess alatent mechanism called mitochon-
drial permeability transition (MPT) that, when activated,
destroys this permeability barrier and disrupts normal mi-
tochondrial function[31]. An important consequence of
an activated MPT isthat no transmembrane proton gradi-
ent can be maintained, thus abolishing the production of
ATP. Moreover, it iswell known that the modification of
Aym depends on the nature of stimulus and cell system

193



Diosgenin-induced apoptosis in human cancer cells

http://www.cell-research.com

HEp-2

Control  Diosgenin
CE NE CE NE

AIF ‘ ——
B-actin |- pr—
M4Beu
Control  Diosgenin
CE NE CE NE
AF [ o o
B-actin | c— PR
. akm s cEa L0

Fig 7. Effect of diosgenin on AlF subcellular redistribution. HEp-2
and M4Beu cells were cultured in 10% FCS medium and treated or
not with 40 uM diosgenin for 6 h. Cytosolic and nuclear proteins
were extracted as described in Materials and Methods and separated
on 10% SDS-PAGE gels for AIF analysis. Immunoblot analyses
were performed with anti-human AlF antibody for cytosolic extract
(CE) and nuclear extract (NE). Quantification of each band was per-
formed by densitometry analysis software. One of three representa-
tive experimentsis shown.
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Fig 8. Caspase-3 and -9 activitiesin HEp-2 and M4Beu cells. After
72 h-adherence, cellswere cultured in 10% FCS medium and treated
or not (C, control) with 40 uM diosgenin (Dios) for 12 and 24 h.
Caspase activitiesin cell lysates were measured with caspase-3 sub-
strate (ac-DEVD-AMC) and caspase-9 substrate (ac-LEHD-AMC).
The means + SD (+p<0.05, »p<0.01) of three experiments are ex-
pressed as relative units of fluorescence (RUF).
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Fig 9. Analysis of PARP cleavage. For Western blot analysis, Hep-2 and M4Beu cellswere cultured in 10% FCS medium and treated
or not (control) with 40 uM diosgenin for 24 h. Total proteins were extracted and separated on 10% SDS-PAGE gel. Cellular
expression of PARP was estimated using mouse anti-human PARP antibody. One of three representative experiments is shown.
Arrows indicate the 85 kD fragment of PARP. For immunofluorescence detection of 85 kD fragment of PARP, HEp-2 and M4Beu
cellsweretreated or not (control) with 40 uM diosgenin for 24 h. Immunofluorescence pictures were taken with a Nikon microscope
ECLIPSE E800 (x500). White arrows indicate positive nuclear labelling.
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and the collapse of Aym is an early step in the apoptotic
cascade[32]. Recently, Diaz et al showed that dietary phy-
tochemical chlorophyllin caused an attenuation of Aym
without the release of cytochrome ¢ and reported that AIF
was rel eased from mitochondriainto the cytosol and trans-
located to the nucleus[33]. In this case, we showed the
same phenomenon in HEp-2 cells: indeed, diosgenin caused
adecrease of Aym and nuclear localization of AlF (Fig 6
and 7 respectively) without the release of cytochrome ¢
(data not shown).

Other key proteins that modul ate the apoptotic response
are represented by afamily of cysteine proteases called
caspases[34, 35]. Caspase-3 is a key executioner of
apoptosis, whose activation is mediated by the initiator
caspases such as caspase-9[36]. We found that diosgenin
induced caspase-3 activity over time in the two cancer
cell lines studied. This activation seems to be the conse-
guence of caspase-9 activity as a function of cancer cell
type. Especially in M4Beu cells, caspases are activated
sooner and more potently than in HEp-2 cells, suggesting
that apoptotic events occured earlier. Recently, it was
shown that rottlerin, an inhibitor of protein kinase C, in-
creased the release of mitochondrial AlF to the cytosol,
enhanced the activation of caspase-9 but did not increase
cytochrome c in the cytosol[37]. Moreover, Susin et al
described that AIF induced purified mitochondriato re-
lease the caspase-9[13]. In our study, diosgenin treatment
in HEp-2 cells induced caspase-9 and -3 (Fig 8) with an
early fal of Aym without cytochrome c release (data not
shown) but with nuclear localization of AIF.

PARPisanuclear enzymeinvolved intherepair of DNA
damage[38]. Moreover, it is known that PARP is a sub-
strate for caspases such as caspase-3 and is typically
cleaved and inactivated during the apoptotic process39].
In our work, we found a correlation between generation
of a 85 kD degration product from 112 kD PARP and
caspase-3 activity in HEp-2 and M4Beu cells. Following
the apoptotic stimulus, humerous studies showed that
caspase-3 activation caused cleavage of PARP[40, 41].

In summary, we demonstrated that diosgenin caused
aninhibition of cell growth with cycle arrest and apoptosis
induction by p53 activation in different human cancer cell
lines (laryngocarcinoma and melanoma cells). Moreover,
alarge part of our study essentially focused on the mito-
chondrial pathway and we investigated that diosgenin’s
action was caspase-3 dependent, with a fall of Aym and
nuclear localization of AIF. These new findings suggest
that diosgenin-induced effects may have novel therapeu-
tic applications for the treatment of different cancer types
(laryngocarcinoma, melanoma) as previously described for
osteosarcoma[ 16, 17].
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