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Abstract Apoptosis of stem cells may be related to certain
degenerative conditions such as progressive tissue damage
and an inability to repair. Ceramide induces cell death in
various cell types. However, the underlying mechanisms of
ceramide-induced cell death in stem cells are not explored.
This study was designed to investigate the cell death process
caused by cell-permeable ceramide and to determine the
underlying mechanisms in mesenchymal stem cells derived
from human adipose tissue (hASCs). Ceramide caused a loss
of cell viability in a concentration- and time-dependent
manner, which was largely attributable to apoptosis. Cera-
mide induced generation of reactive oxygen species (ROS)
and disruption of the mitochondrial membrane potential. The
ROS generation caused by ceramide was prevented by the
antioxidant N-acetylcysteine (NAC). Although ceramide
induced release of cytochrome c from mitochondria and
activation of caspase-3, the ceramide-induced cell death was
partially prevented by caspase inhibitors. Addition of cera-
mide caused apoptosis-inducing factor (AIF) nuclear trans-
location, which was prevented by antioxidant. Taken
together, these data suggest that ceramide induces cell death
through both caspase-dependent and caspase-independent
mechanisms mediated by ROS generation in hASCs.
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Introduction

Ceramide has been implicated in numerous cellular pro-
cesses, including cell proliferation, cell cycle arrest, dif-
ferentiation, and apoptosis (Futerman and Hannun 2004).
Ceramide can be released from the cell membrane by
enzymes and subsequently acts as a signaling molecule
(Colombaini and Garcia-Gil 2004). In other words, exog-
enous cell-permeable ceramide and endogenous ceramide
generated by sphingomyelinase activation can lead to
apoptosis in many different cell types (Hannun and Obeid
2002), indicating that ceramide acts as a mediator of
apoptosis (Cuvillier 2002). Ceramide is generated and
accumulated under various conditions such as apoptotic
stimulus, environmental stress, and chemotherapeutic agent
(Woodcock 2006).

Human mesenchymal stem cells (MSCs) are multipotent
and can be separated from bone marrow, periosteum, cord
blood, skeletal muscle, and adipose tissue (Barry and
Murphy 2004). MSCs have self-renewal capacity and the
potential to differentiate into cell types of the mesodermal
lineage such as adipocytes, osteocytes, chondrocytes, and
myocytes (Short et al. 2003). Mesenchymal stem cells
derived from human adipose tissue (hASCs) have been
shown to have similar differentiation potential to bone
marrow-derived mesenchymal stem cells (BMSCs; De
Ugarte et al. 2003). Although the proliferation and differ-
entiation of MSCs have been widely studied (Jeon et al.
2005; Kim et al. 20006), little information is available on the
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underlying mechanism of apoptosis in MSCs. Depletion or
functional alterations of MSCs may be associated with
certain degenerative conditions such as progressive tissue
damage and an inability to repair damaged tissues (Barry
and Murphy 2004). Indeed, it was found that the prolifer-
ative capacity of MSCs was reduced in patients with
osteoarthritis (Murphy et al. 2002) and osteoporotic
patients (Rodriguez et al. 2004).

Although ceramide inhibits differentiation and induces
apoptosis of stem cells (Bieberich et al. 2003, 2004), the
underlying mechanism remains unclear. Therefore, the
present study was undertaken to examine the effects of
ceramide on cell death and to determine the underlying
mechanisms in mesenchymal stem cells derived from
human adipose tissue (hASCs). The present study indicated
that ceramide induced apoptosis through caspase activa-
tion and AIF nuclear translocation mediated by ROS
generation.

Materials and methods
Reagents

C,-ceramide, propidium iodide, Hoechst 33258, 3-[4,5-
dimethylthiazol2-yl]-2,5-diphenyltetrazolium bromide (MTT),
and N-acetylcysteine (NAC) were purchased from Sigma—
Aldrich Chemical (St. Louis, MO, USA). Tween 20, Z-VAD-
FMK, and DEVD-CHO were purchased from Calbiochem
(La Jolla, CA, USA). 3,3'-Dihexyloxacarbocyamide [DiOCg]
and 2,7-dichlorofluorescein diacetate (DCFH-DA) were
purchased from Molecular Probes (Eugene, OR, USA).
FITC Annexin V Apoptosis Detection Kit was purchased from
BD Biosciences (San Jose, CA, USA). NucView™ 488
Caspase-3 Assay Kit for Live Cells was purchased from
Biotium, Inc. (Hayward, CA, USA). The anti-cytochrome c
antibody was purchased from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, USA). The anti-AIF and anti-o-actin
antibodies were purchased from Cell Signaling Technology,
Inc. (Beverly, MA, USA). Horseradish peroxidase-conju-
gated secondary antibodies were purchased from Jackson
ImmunoResearch Laboratories (West Grove, PA, USA). All
other chemicals were of the highest commercial grade
available.

Cell culture

Subcutaneous adipose tissue was obtained from consenting
Korean patients undergoing elective surgeries, and all pro-
tocols were approved by the Institutional Review Board of
Pusan National University (Lee et al. 2004). Mesenchymal
stem cells from adipose tissues were prepared from 3 dif-
ferent patients (4-, 10-, and 11-year-old males). Briefly,
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liposuction tissue was washed with Hank’s balanced salt
solution (HBSS) at least three times and then digested with
0.075% type I collagenase for 30 min at 37°C. The enzyme
activity was neutralized by minimum essential medium
alpha («-MEM, Gibco. Invitrogen Co., CA, USA) containing
10% fetal bovine serum (FBS, Hyclone, UT, USA), and the
samples were centrifuged for 10 min at 1,200xg. The cell
pellet was resuspended in culture medium («-MEM, 10%
FBS, 100 units/ml penicillin, and 100 pg/ml streptomycin)
and plated in tissue culture dishes at 3,500 cells/cm? for 24 h
at 37°C in a humidified atmosphere of 95% air and 5% CO,.
After 24 h, nonattached cells were removed, and the tissue
culture plate was washed. The primary hASCs were cultured
for 5-7 days until they reached confluence and were defined
as passage “0”. We used 3—10 passage number of hASCs in
this study. In each experiment, the cells seeded at a density of
5 x 10 cells/well in 24-well plates or 2 x 10° cells/well in
6-well plates and incubated in culture medium for 24 h at
37°C in a humidified atmosphere of 95% air and 5% CO,.

Measurement of cell viability and cell death

Cell viability was determined using an MTT assay (Denizot
and Lang 1986). Cells (5 x 10* cells/well) were seeded in
24-well plates with culture medium and the experiment
was performed 2 days after seeding. The cells were treated
with ceramide of various concentrations for 24 h or with
50 uM ceramide for various times. After washing the cells
with HBSS, culture medium containing 0.5 mg/ml MTT
was added to each well. The cells were incubated for 2 h at
37°C, and the supernatant was then removed. The viable
cells formed formazan crystals that were solubilized with
0.2 ml of dimethyl sulfoxide (DMSO). A 0.1-ml aliquot of
each sample was then transferred to 96-well plates, and the
absorbance of each well was measured at 570 nm using an
ELISA reader (FLUOstarOPTIMA, BMG LABTECH,
Offenburg, Germany). The data were expressed as a
percentage of the control measured in the absence of
ceramide.

Cell death was evaluated using a trypan blue exclusion
assay. The cells were seeded and treated as described
earlier. After washing the cells with HBSS, cells were
harvested with 0.025% trypsin and dyed with a 0.4% try-
pan blue solution. The number of viable and nonviable
cells was counted using a hemocytometer under a light
microscope. Cells failing to exclude the dye were consid-
ered to be nonviable.

Measurement of apoptosis
Apoptosis was estimated using an FITC Annexin V

Apoptosis Detection Kit (BD Biosciences, San Jose, CA,
USA) and flow cytometric analysis (FACSCalibur™ and
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CellQuestTM, Beckton Dickinson, Franklin Lakes, NIJ,
USA).

The annexin V binding assay was performed as descri-
bed in the manufacturer’s manual. Cells (2 x 10° cells/
well) were seeded in 6-well plates with culture medium and
the experiment was performed 2 days after seeding. The
cells were treated with 50 uM ceramide for 24 h in serum-
free culture medium. Cells were harvested with 0.025%
trypsin and washed with cold PBS and then resuspended in
annexin V binding buffer. The cells were then incubated
for 15 min with binding solution containing FITC annexin
V and propidium iodide in the dark and measured by flow
cytometric analysis with the excitation filter at 488 nm.
The percentage of apoptotic cells was calculated as the
quadrant statistics of the early and late apoptotic region to
the entire cell population (1 x 10* cells).

For cell cycle assay, the cells were seeded and treated
with 50 uM ceramide as described previously. The floating
cells and adherent cells with 0.025% trypsin treatment were
harvested. The pellet was washed with cold PBS, centri-
fuged again and fixed with cold 70% ethanol containing
0.5% Tween 20 for 24 h at 4°C. The pellet was then
washed with cold PBS, resuspended in 1.0 ml of propidium
iodide solution (50 pg/ml propidium iodide, 100 pg/ml
RNase) and incubated for 30 min at 37°C. Apoptotic cells
were measured as described earlier. Cells with sub-G;
propidium iodide incorporation were considered to be
apoptotic. The percentage of apoptotic cells was calculated
as the histogram statistics of the sub-G, cells to the entire
cell population.

Measurement of reactive oxygen species

The intracellular generation of reactive oxygen species
(ROS) was measured using DCFH-DA. This nonfluo-
rescent ester enters into cells and is hydrolyzed to DCFH
by cellular esterases. The DCFH probe is rapidly oxidized
to the highly fluorescent molecule 2,7-dichlorofluorescein
(DCF) in the presence of cellular peroxidase and ROS such
as hydrogen peroxide or fatty acid peroxides. Cells
(2 x 10° cells/well) were seeded in 6-well plates with
culture medium, and the experiment was performed 2 days
after seeding. The cells were preincubated in serum-free
culture medium with 30 pM DCFH-DA for 1 h at 37°C.
After preincubation, the cells were treated with 50 pM
ceramide for various times. Changes in DCF fluorescence
were measured by flow cytometric analysis (FACSCalibur™
and CellQuestTM, Beckton Dickinson, Franklin Lakes, NJ,
USA) with the excitation filter at 488 nm. Effect of anti-
oxidant NAC on the ceramide-induced cell death was
determined using an MTT assay. Cells (5 x 10* cells/well)
were seeded in 24-well plates with culture medium, and the
experiment was performed 2 days after seeding. The cells

were preincubated with antioxidant NAC for 15 min and
then treated with 50 pM ceramide.

Measurement of the mitochondrial membrane potential

The value of mitochondrial membrane potential (A¥m)
was measured by DiOCg¢(3), a green fluorescent membrane
dye that is incorporated into cells depending upon the
AWm (Pastorino et al. 1998). Cells (2 x 10° cells/well)
were seeded in 6-well plates with culture medium, and the
experiment was performed 2 days after seeding. The cells
were treated with 50 uM ceramide for various times. The
loss of DiOCg(3) fluorescence indicates disruption of the
mitochondrial inner transmembrane potential. Cells were
stained with 50 nM DiOCg(3) for 20 min at 37°C in the
dark. They were then washed and resuspended in HBSS
containing Ca*™ and Mg”". The fluorescence intensity was
measured by flow cytometric analysis (FACSCalibur™
and CellQuestTM, Beckton Dickinson, Franklin Lakes, NJ,
USA) with the excitation filter at 488 nm.

Measurement of cytochrome c release
and caspase-3 activity

The release of cytochrome ¢ from the mitochondria into the
cytosol was measured by Western blot analysis (Rosse
et al. 1998). Cells (2 x 10° cells/well) were seeded in
6-well plates with culture medium, and the experiment was
performed 2 days after seeding. The cells were incubated
with 50 uM ceramide in serum-free culture medium for
various times. Cells were harvested each duration, washed
with HBSS and incubated with extraction buffer (10 mM
HEPES, 250 mM sucrose, 10 mM KCI, 1.5 mM MgCl,,
1 mM EDTA, 0.05% digitonin, and 1 mM phenylmethyl-
sulfonyl fluoride) for 10 min at 4°C. They were then
centrifuged at 100,000xg for 15 min at 4°C, and the
supernatant containing cytosolic fraction (protein 10-20 pg)
was transferred into a new tube. The cell pellet was incu-
bated with lysis buffer (1% Triton X-100, 1 mM EGTA,
1 mM EDTA, 10 mM Tris-HCl, pH 7.4, and prote-
ase inhibitors) for 10 min at 4°C and centrifuged at
100,000x g for 15 min at 4°C. The supernatant containing
mitochondrial fraction (protein 5-10 pg) was transferred to
a new tube. Protein (5-10 pg) of each fraction was loaded
on a 12% SDS-polyacrylamide gel and later transferred
onto a nitrocellulose membrane. The membrane was
blocked with 5% skim milk for 30 min at room tempera-
ture and probed with a rabbit polyclonal anti-cytochrome c
primary antibody (dilution 1:1,000), followed by a horse-
radish peroxidase-conjugated secondary antibody (dilution
1:2,500). The signal was visualized using an enhanced
chemiluminescence (Amersham, Buckinghamshire, UK)
with X-ray film.
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Caspase-3 activity was measured using the NucView™
488 Caspase-3 Assay Kit for Live Cells (Biotium, Inc.,
Hayward, CA, USA), as described in the manufacturer’s
manual. The cells were seeded and treated with 50 pM
ceramide as described earlier. Cells were harvested for
each duration with 0.025% trypsin and centrifuged at
250xg. The cell pellet was then incubated with binding
solution containing 5 pM NucView ™ 488 Caspase-3
substrates for 15 min. The fluorescence intensity was
measured by flow cytometric analysis (FACSCalibur™
and CellQuestTM, Beckton Dickinson, Franklin Lakes, NJ,
USA) with the excitation filter at 488 nm.

Measurement of apoptosis-inducing factor
nuclear translocation

The nuclear translocation of apoptosis-inducing factor (AIF)
was measured by Western blot analysis as described in
cytochrome ¢ measurement section. Cells (2 x 10° cells/
well) were seeded in 6-well plates with culture medium, and
the experiment was performed 2 days after seeding. The
cells were incubated with 50 uM ceramide for 24 hin serum-
free culture medium. Then, the cells were harvested and
washed with HBSS and incubated with extraction buffer.
The supernatant represented the cytosolic proteins. Cyto-
solic proteins were removed, and the pellet was incubated in
the nuclear extraction buffer (350 mM NaCl, 1 mM EGTA,
1 mM EDTA, 10 mM Tris—HCIl, pH 7.4 and protease
inhibitors) for 10 min at 4°C and centrifuged at
100,000x g for 15 min at 4°C. The protein (5-10 pg) was
loaded on a 12% SDS-polyacrylamide gel and later trans-
ferred onto a nitrocellulose membrane. The membrane was
blocked with 5% skim milk for 30 min at room temperature
and probed with a rabbit polyclonal anti-AIF primary anti-
body (dilution 1:1,000), followed by a horseradish peroxi-
dase-conjugated secondary antibody (dilution 1:2,500).

For immunocytochemistry, cells (2 x 10° cells/well)
were grown on 22-mm glass coverslips in 6-well plates
with culture medium, and the experiment was performed
2 days after seeding. The cells were incubated with 50 uM
ceramide with and without antioxidant NAC for 24 h in
serum-free culture medium. The cells were washed with
HBSS, fixed with 4% paraformaldehyde for 15 min at 4°C,
permeabilized with 0.5% Triton X-100 for 10 min at room
temperature, washed with PBS, and blocked with 8%
bovine serum albumin (BSA) in Tris-buffered saline con-
taining with 0.01% Triton X-100 (TBST) for 1 h at room
temperature. The cells were then incubated with a rabbit
polyclonal anti-AIF primary antibody (dilution 1:500)
overnight at 4°C, washed with TBST, and incubated with a
FITC-conjugated secondary antibody (dilution 1:1,000)
(Jackson ImmunoResearch Laboratories, PA, USA) for 1 h
at room temperature. Nuclei were counterstained with

@ Springer

10 uM Hoechst 33258 to determine AIF nuclear localiza-
tion. The cells were washed and visualized using a con-
focal microscope (Leica, Wetzlar, Germany).

Statistical analysis

The data are expressed as the mean + SEM, and the dif-
ference between two groups was evaluated by unpaired
Student’s ¢ test. Multiple group comparison was done using
one-way analysis of variance followed by the Tukey post hoc
test using SPSS v10.1 (SPSS Inc., Chicago, IL, USA). A
probability level of 0.05 was used to establish significance.

Results
Effect of ceramide on cell viability

To estimate the effect of ceramide on the viability of
hASC:s, the cells were treated with various concentrations
of ceramide for 24 h, and the viability was determined
using an MTT assay. Ceramide decreased cell viability in a
concentration- and time-dependent manner (Fig. 1a and b).
Similar results were also obtained by the trypan blue
exclusion assay (Fig. 1c and d), indicating that reduction in
cell viability was attributed to cell death. To determine
whether ceramide induces cell death through apoptosis,
cells were treated with 50 pM ceramide for 24 h, and
apoptosis was evaluated using an annexin V binding assay
and a cell cycle assay. After 24-h incubation, 19.27% of the
cells were in an early apoptotic stage (only annexin V
positive) and 11.45% were in a later stage of apoptosis
(annexin V- and PI positive) as shown in Fig. 2a. To fur-
ther verify the apoptosis, a flow cytometric analysis was
performed in ceramide-treated cells. The sub-G0/G1 peak
indicates a population of cells with reduced DNA staining,
probably due to DNA fragmentation, and this peak was
increased from 3.30% in the control cells to 34.88% in the
ceramide-treated cells (Fig. 2b). These data suggest that
the cell death caused by ceramide is largely attributed to
apoptosis.

Role of ROS in the cytotoxicity of ceramide

To determine whether ceramide induced ROS generation in
hASC:s, the cells were exposed to ceramide, and changes in
DCEF fluorescence were measured by flow cytometry. The
fluorescence intensity increased about 2.8-fold at 3 h after
treatment with ceramide and remained unchanged there-
after up to 24 h (Fig. 3a and b). To determine whether ROS
generation was responsible for the ceramide-induced cell
death, we evaluated the effect of an antioxidant on the cell
death. The cell death induced by ceramide could be
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Fig. 2 Induction of apoptosis by ceramide. a hASCs were exposed to
50 uM ceramide for 24 h, and apoptosis was estimated by FITC-
conjugated annexin V binding assay as described under “Materials
and methods”. The numbers indicate the percentage of cells in each
quadrant. Early apoptotic and late apoptotic cells are shown in right
lower and right upper quadrants, respectively. b Cells exposed to
50 pM ceramide for 24 h were stained with propidium iodide, and
apoptosis was evaluated by flow cytometry. Cells with sub-G;
propidium iodide incorporation (M1 region) were considered to be
apoptotic

Caspase plays a key role in the execution of diverse types
of apoptosis (Cohen 1997). To determine whether ceramide
induced apoptosis through a caspase-dependent pathway,
the cells were exposed to ceramide and changes in cyto-
chrome c in cytosolic and mitochondrial fractions were
measured by Western blot analysis. Cytochrome c was
released from mitochondria into the cytosol in cells treated
with ceramide (Fig. 5a). In addition, ceramide induced
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Fig. 3 Effect of ceramide on reactive oxygen species (ROS)
generation. ROS was measured by flow cytometric analysis using
DCFH-DA. a hASCs were treated with 50 uM ceramide for the
indicated times. Data are the mean £ SEM of three independent
experiments performed in duplicate. b Representative tracing of ROS
generation at 3 h after ceramide treatment. ¢ Effect of antioxidant on
ceramide-induced cell death. hASCs were treated with 50 pM
ceramide for 24 h in the presence or absence of 1 mM N-acetylcys-
teine (NAC). Cell viability was measured by MTT assay. Data are the
mean + SEM of four independent experiments performed in dupli-
cate. *P < 0.05 compared with control; *P < 0.05 compared with
ceramide alone

caspase activation (Fig. 5b), but ceramide-induced cell
death was only partially blocked by the general caspase
inhibitor, Z-VAD-FMK, and the caspase-3 inhibitor,
DEVD-CHO (Fig. 5¢), suggesting that ceramide induces
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pendent pathway.

The role of AIF nuclear translocation
in ceramide-induced cell death

To determine whether AIF nuclear translocation is
involved in the ceramide-induced cell death, the effect of
ceramide on AIF nuclear translocation was examined by
immunocytochemistry and Western blot analysis (Fig. 6a
and b). Ceramide induced AIF nuclear translocation at
12 h, but pretreatment with the antioxidant NAC blocked
ceramide-induced AIF nuclear translocation.

Discussion
MSCs have generated a great interest since they have

potential use in regenerative medicine and tissue engi-
neering. Both preclinical and clinical studies illustrate the
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Fig. 5 Effect of ceramide on cytochrome c release and caspase
activation. a hASCs were treated with 50 pM ceramide for indicated
times. Cytosolic and mitochondrial fractions were prepared, and
cytochrome c levels were determined by Western blot analysis as
described under “Materials and methods”. o-Actin was used as a
loading control. b hASCs were treated with 50 pM ceramide for 12
and 24 h, and caspase-3 activation was estimated by flow cytometric
analysis. ¢ Effect of caspase inhibitors on ceramide-induced cell
death. hASCs were treated with 50 UM ceramide for 24 h in the
presence or absence of 10 uM Z-VAD-FMK (FMK) or 10 uM
DEVD-CHO (CHO). Cell viability was measured by MTT assay.
Data are the mean & SEM of three independent experiments
performed in duplicate. *P < 0.05 compared to control; P < 0.05
compared to ceramide alone

therapeutic value of MSCs (Barry and Murphy 2004).
Although studies demonstrating safety and effectiveness of
MSC therapy have been extensively carried out, little
information is available on the underlying mechanism of
action and toxicology studies to demonstrate the long-term
safety of these therapies (Jeon et al. 2005). Apoptosis of
MSCs may lead to retardation of repair of damaged tissues.

Ceramide has been reported to induce cell death through
multiple signaling mechanisms in many cell types (Richter
and Ghafourifar 1999; Takai et al. 2005). However, the
effect of ceramide in hASCs has not been explored yet. The
present study was carried out to determine the apoptotic
effect of ceramide and the underlying mechanism in
hASCs.

ROS play an important role in the regulation of various
functional signals involved in proliferation, apoptosis, and
changes in cellular function (Kim et al. 2008, 2009; Kwon
et al. 2009). The present study also showed that ceramide
generates ROS and disrupts AYm at early time point and that
cell death was prevented by the antioxidant NAC (Fig. 3),
suggesting that ROS generation is involved in the ceramide-

Ceramide +NAC

( A) Control

Hoechst
33258

Cc - NAC

Ceramide

Fig. 6 Effect of ceramide on AIF nuclear translocation. a hASCs
were treated with 50 uM ceramide for 24 h in the presence or absence
of 1 mM N-acetylcysteine (NAC). Nuclei were counterstained with
Hoechst 33258. Arrows indicate AIF nuclear translocation. b hASCs
were treated with 50 uM ceramide for 24 h in the presence or absence
of 1 mM N-acetylcysteine (NAC). Nuclear fractions were prepared,
and AIF levels were determined by Western blot analysis. a-Actin
was used as a loading control

induced cell death. Sources of ROS generated by various
agents have been known to be associated with activation of
NADPH oxidase in the damage of cell membrane, Ca*t
releases through endoplasmic reticulum (ER) stress, and the
damage of mitochondria (Malhotra and Kaufman 2007).
Ceramide induces ROS generation through inhibition of the
mitochondrial electron transport chain in rat hepatocytes
(Garcia-Ruiz et al. 1997), human myeloid leukemia U937
cells (Quillet-Mary et al. 1997), and HL-60 cells (Gudz et al.
1997). However, the source of ROS induced by ceramide in
hASCs remains to be defined.

Mitochondria play an important role in both apoptotic
and necrotic cell death (Kroemer et al. 1998). The present
study showed that ceramide induces a disruption of A¥m
and causes the release of cytochrome c into the cytosol,
leading to caspase activation (Figs. 4 and 5). However, the
ceramide-induced cell death was partially prevented by
caspase inhibitors. These results suggest involvement of a
caspase-independent apoptotic mechanism in the ceramide-
induced cell death. AIF plays an important role in caspase-
independent cell death in many cell types (Cande et al.
2002). Therefore, we examined involvement of AIF
nuclear translocation in the ceramide-induced cell death.
These data are consistent with reports showing ceramide
induces both cytochrome c release and AIF release from
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Fig. 7 A model of ceramide-induced cell death in hASCs. Treatment
of ceramide caused ROS generation accompanied by disruption of
mitochondrial membrane potential. Ceramide induced cytochrome c
release into cytosol from mitochondria and caspase activation. In
addition, ceramide caused AIF release from mitochondria and nuclear
translocation. ROS generation acts upstream of both events

mitochondria in rat heart (Di Paola et al. 2004) and cortical
neuronal cultures (Movsesyan et al. 2004). Previous studies
also show that ceramide induces apoptosis through AIF
translocation in human neuroblastoma cell line (Kim et al.
2007).

Although our data clearly show that ROS generation and
AIF translocation mediate the ceramide-induced apoptosis
in hASCs, it is not clear whether the AIF translocation
resulted from ROS generation. Therefore, we determined
the role of ROS generation in the ceramide-induced AIF
translocation. The results of the present study show that the
AIF translocation was blocked by the antioxidant NAC
(Fig. 6), suggesting that ceramide induces a caspase-inde-
pendent apoptosis through AIF nuclear translocation
mediated by ROS generation in hASCs.

In conclusion, the present study shows that ceramide
caused cytochrome c release from mitochondria and cas-
pase activation. However, the ceramide-induced cell death
was partially prevented by caspase inhibitors. Ceramide
induced AIF release from mitochondria and nuclear
translocation. Both events were inhibited by antioxidant.
These data suggest that ceramide induces a caspase-
dependent and caspase-independent apoptosis mediated by
ROS generation in hASCs (Fig. 7).
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