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Summary

We have previously shown that sphingosine increased caspase-3

activity and induced apoptosis in human hepatoma cells. Our data

also suggest that other caspases may be involved in sphingosine-

triggered apoptosis. In order to clarify this issue, we used different
approaches to study the functional role of several initiator or

executioner caspases in apoptosis induced by sphingosine. Activation

of procaspases-2, -7, and -8, was clearly demonstrated during

sphingosine-triggered apoptosis. Pretreatment with chemical
inhibitors for caspase-7 and -8, attenuated apoptotic cell death

induced by sphingosine. Conversely, pretreatment with specific

caspase-2 inhibitor Z-VDVAD-FMK did not show any protective
effect. In addition, enforced expression of constitutively activated

AKT kinase which is known to inhibit apoptosis induced by

sphingosine, potently suppressed activation of procaspases-7 and -

8. In summary, these data suggest that in addition to caspases-3,
caspase-7 and -8 are involved in the apoptosis induced by

sphingosine.
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INTRODUCTION

Recent studies have indicated that sphingolipids, including

ceramide, sphingosine, sphingosine1-phosphate etc. are highly

bioactive lipids. These molecules play important roles in cell-

cell interaction, apoptosis, proliferation and differentiation (1,

2). Our previous results indicated that sphingosine and a

number of long-chain bases potently induced apoptosis in

human hepatoma cells (3). Additionally, we found that

caspase-3, an aspartate-directed cysteine protease, which was

shown to be involved in the apoptosis induced by different

apoptotic signals, was activated in sphingosine-induced

apoptotic cell death (3). Our recent results indicated that

sphingosine-triggered apoptosis is associated with inhibition

of AKT kinase and overexpression of constitutively activated

AKT may suppress apoptosis induced by sphingosine (4).

To date, at least 10 caspases have been identified in

mammalian cells. These cysteine proteases may be divided into

‘initiator’ caspases, with long prodomains (like caspases-8, -9,

and -10) which may activate downstream caspases, and

‘executioner’ caspases, with short prodomains (such as

caspases-3, -6, and -7) which may cleave intracellular

substrates (5). Our previous results suggested that in addition

to caspase-3, other caspases may also participate in sphingo-

sine-induced apoptosis in human hepatoma cells. Interest-

ingly, recent work demonstrated that exogenous sphingosine

induced cytochrome c release from mitochondria and acti-

vated a number of caspases simultaneously in human T cells

(6). However, whether all of the caspases play a role in the

induction of apoptosis by sphingosine is not clear.

In the present work, we studied the functional role of

caspases by different approaches and our results suggest that

caspases-7 and -8, but not caspase-2, are involved in the

induction of apoptosis by sphingosine.

MATERIALS AND METHODS

Reagents and Cell Culture

D-Erythro-sphingosine was from Calbiochem-Novabio-

chem International (San Diego, CA, USA) and was dissolved

in DMSO at a stock concentration of 20 mM. Anti-

procaspase- 2, -7 and -8 antibodies were obtained from BD

Transduction Laboratories. Hep3B human hepatoma cells

were cultured in DMEM/F12 medium supplemented with

10% heat-inactivated fetal calf serum (FCS), 100 mg/ml

streptomycin and 100 IU/ml penicillin in a 5% CO2 incubator

at 378C. Hep3B cells transfected with constitutively activated

(myristoylated) form of AKT were generated as described
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previously (7) and provided by Dr. R.H. Chen. Caspase-8

inhibitor Ac-AAVALLPAVLLALLAPIETED-CHO and cas-

pase-7 inhibitor Ac-DEVD-FMK were obtained from

Calbiochem-Novabiochem International. Caspase-2 inhibitor

Z-VDVAD-FMK was purchased from R&D systems (Min-

neapolis, USA).

Apoptosis Assays

Cells were seeded at a density of 26 105 cells/well in 6-well

plates in 10% FCS medium. After 24 h, cells were washed with

phosphate-buffered saline (PBS) and cultured in 0.5% FCS

medium containing different caspase inhibitors for 2 h.

Sphingosine (20 mM) was then added and incubated for

another 24 h. Apoptotic cells were determined by fluorescent

staining as described previously (3) and expressed as a

percentage of the total cell number counted.

Western Blot Analysis

After different treatments, cells were harvested in an ice-

cold lysis buffer (50 mM Tris-HCl, pH 7.4, 5 mM EDTA,

150 mM NaCl, 50 mM NaF, 1% Triton X-100, 0.5 mM

sodium orthovanadate, 1 mM phenylmethylsulfonyl fluoride,

1 mg/ml aprotinin, 2 mg/ml leupeptin and 2 mg/ml pepstatin

A) and protein concentrations were determined by a DC

protein assay kit (Bio-Rad, Hercules, CA, USA). Cell lysates

(20 mg protein/sample) were subjected to SDS-polyacrylamide

gel electrophoresis and western blot analysis was performed to

analyze the expression and proteolysis of different procaspases

as described previously (4).

Assessment of AKT Activation

To investigate the AKT activity, Hep3B and Hep3B cells

transfected with a constitutively activated (myristoylated)

form of AKT (Hep3B-AKT) were harvested as described

above. Cellular proteins were transferred to nitrocellulose

blots and probed with an anti-phosphoAKT antibody which

specifically recognized phosphorylated Ser-473 to reveal the

presence of activated AKT. To confirm equivalent loading and

to verify the identity of the phosphorylated AKT, blots were

stripped and re-probed with an anti-AKT antibody.

RESULTS

Activation of Different Procaspases was Found During
Sphingosine-induced Apoptosis in Hep3B Cells

Our previous data demonstrated that sphingosine at a

concentration of 20 mM potently induced apoptosis in Hep3B

cells (3). Therefore, we routinely used this concentration of

sphingosine to trigger cell death in this work. Cells were treated

with sphingosine for different times and cellular proteins were

harvested for western blot analysis. We studied different

caspases. Caspase-8 is an initiator caspase which is shown to

be activated early in cells receiving apoptotic stimuli and may

induce processing of executioner caspases to trigger apoptosis.

This caspase also plays a pivotal role in death receptor-

mediated apoptosis. Caspase-2 shares the peptide recognition

motif with the executioner caspase-3 and is involved in the

initiation or execution phase of apoptosis. We also examined

the activation of a well-characterized executioner caspase,

caspase-7. The antibodies used in this study can recognize the

procaspase form of caspases-2 and -7, but not the active form

of these two caspases. Therefore, reduction of procaspase level

is considered to be an indication of caspase activation. The

anti-caspase-8 antibody recognizes the procaspase-8 (56 –

58 kDa) and an intermediate cleavage product (41 – 43 kDa)

in apoptotic Hep3B cells. As shown in Fig. 1, activation of

different caspases was detected in sphingosine-treated Hep3B

cells in a time-dependent manner. Reduction of procaspases-2

and -7 was demonstrated about 8 h after sphingosine addition.

Our data also demonstrated that activation of caspase-8 was

observed in a similar time course. Because these caspases were

activated prior to induction of apoptosis, which could be

clearly detected about 12 h after addition of sphingosine, it is

suggested that these caspases may play a role in the induction

of apoptosis by sphingosine.

Inhibitions of Caspases-7 and -8, but not Caspase-2, may
Suppress Sphingosine-induced Apoptosis

In order to clarify whether all of these caspases are needed

for induction of apoptosis by sphingosine, cells were pre-

incubated with different caspase inhibitors for 2 h and then

treated with sphingosine for another 24 h. Apoptotic cells

were determined as described in the Materials and methods

section and expressed as a percentage of the total cell number

counted. Our results showed that a caspase-8 inhibitor, Ac-

AAVALLPAVLLALLAPIETED-CHO, suppressed sphingo-

sine-induced apoptosis in a dose-dependent manner (Fig. 2).

Because caspase-7 shows strong substrate specificity with

caspase-3, no specific inhibitors for caspase-7 are available at

present. We used a general inhibitor Ac-DEVD-FMK, which

blocks activities of caspases-3 and -7 simultaneously, to

suppress the activation of caspases-7 in this work. We found

that this inhibitor potently inhibited apoptosis triggered by

sphingosine (Fig. 2). Conversely, a caspase-2 specific inhibitor

Z-VDVAD-FMK could not prevent sphingosine-induced

apoptosis. In summary, these data suggest that caspases-7

and -8, but not caspase-2, participate in the induction of

apoptosis by sphingosine.

Overexpression of Constitutively Activated AKT Kinase
Inhibited Activation of Caspase-7 and -8

Our previous data have shown that inhibition of the kinase

activity of the anti-apoptotic AKT kinase and induction of

cytochrome c release from mitochondria is one of the

mechanisms by which sphingosine induced apoptosis in

Hep3B hepatoma cells. We also demonstrated that over-

expression of the constitutively activated AKT kinase could

rescue cells from sphingosine-induced apoptosis by inhibiting
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Figure 1. Sphingosine induces activation of different caspases in a time-dependent manner. Hep3B human hepatoma cells were

treated with 20 mM sphingosine for different times and cellular proteins were harvested. Expression and processing of different

procaspases was analyzed by immunoblotting as described in the Materials and methods section.

Figure 2. Suppression of sphingosine-induced apoptosis by inhibitors of caspases-7 and -8, but not by an inhibitor of caspase-

2. Cells were pre-incubated with different concentrations of caspase inhibitors for 2 h and then treated without (7) or with (+ )

20 mM sphingosine for another 24 h. Apoptotic cells were determined by fluorescent staining and expressed as a percentage of

the total cell number counted.
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cytochrome c release and caspases-3 activation. Therefore, we

investigated whether overexpression of AKT could inhibit

activation of caspase-7 and -8. We addressed this question by

comparing the effect of sphingosine on parental Hep3B cells

and Hep3B-AKT cells. Hep3B-AKT cells were generated by

transfecting Hep3B cells with a constitutively activated AKT

(myristoylated form of AKT). Figure 3A shows that Hep3B-

AKT cells indeed exhibited a high level of activated AKT

kinase. We found that reduction of procaspase-7 protein level

and increase of the 41 – 43 kDa intermediate cleavage product

of caspase-8 was significantly suppressed in Hep3B-AKT cells

treated with sphingosine (Fig. 3B). These data suggest that

inhibition of activation of caspases-7 and -8 may attenuate

sphingosine-induced apoptosis.

DISCUSSION

A number of sphingolipids were found to be important

mediators in apoptosis triggered by different extracellular

stimuli. Ceramide is a typical representative. Generation of

this sphingolipid by activation of a sphingomyelinase has

been implicated in Fas- and TNF-a-induced apoptosis (8,

9). Recently, another sphingolipid metabolite, sphingosine,

has been shown to be a critical mediator in TNF-a- and

phorbol ester-induced apoptosis (10, 11). In addition,

exogenous sphingosine may induce apoptosis in many types

of cancer cell (12 – 14). Our studies and those of others

have indicated that sphingosine induces apoptosis without

being converted into ceramide, inasmuch as the ceramide

synthase inhibitor fumonisin B1 did not affect sphingosine-

triggered apoptosis (4, 15). Thus, the apoptotic signaling

pathway activated by sphingosine is unique and is not well-

defined at present.

In this study, we tried to elucidate the functional role of

different caspases in sphingosine-induced apoptosis. Our

previous results have shown that a downstream caspase,

caspase-3, participated in this process. We now report that two

other caspases, caspases-7 and -8, also play a critical role in

sphingosine-induced apoptosis. Several important features

found in this study are the following. First, a number of

reports indicate that activation of different caspases either

simultaneously or sequentially can be detected in cells under-

going apoptosis. However, whether all of the caspases

participate in the induction of apoptotic cell death is not

known. Results from the present study support the notion that

not all of the activated caspases play a role in the execution of

cells death because we found that pretreatment of caspase-2

inhibitor could not prevent sphingosine-induced apoptosis in

Hep3B hepatoma cells. Interestingly, a recent study also

indicated that although activities of caspases-1, -3, -8 and -9

were significantly elevated in Fas-triggered apoptosis in rat

submandibular acinar cells, only caspase-1 inhibitor could

effectively rescue cells from apoptosis (16). Secondly, our

results demonstrate that sphingosine induced caspase-8

activation in Hep3B cells, pre-incubation with caspase-8

inhibitor suppressed sphingosine-induced apoptosis. It is of

note that caspase-8 is an apical caspase and is activated

quickly in cells treated with diverse apoptotic agents (17, 18).

However, activation of this caspase could only be detected at

8 h after addition of sphingosine. Our data suggest that this

caspase may not act as an initiator caspase in sphingosine-

induced apoptosis. Similar observations have also been

reported in human type II Jurkat T cells after sphingosine

treatment (6). Further work will be needed to clarify the

mechanism by which sphingosine induces caspase-8 activation.

Thirdly, our results suggest that release of cytochrome c from

mitochondria is a critical step in the induction of apoptosis by

sphingosine. We have previously shown that sphingosine-

induced apoptosis is linked with cytochrome c release and may

lead to subsequent caspase activation (4). In addition, we

Figure 3. Overexpression of AKT attenuates activation of

procaspases-7 and -8 in sphingosine-treated cells. (A) AKT

activity was significantly elevated in Hep3B cells transfected

with a constitutively activated form of AKT (Hep3B-AKT).

Cellular proteins were extracted and immunoblotting was

performed to detect the presence of activated AKT by probing

nitrocellulose membranes with an anti-phosphoAKT antibody

which specifically recognized the phosphorylated Ser-473 of

AKT kinase. To confirm equivalent loading and to verify the

identity of the phosphorylated AKT, blots were stripped and

re-probed with an anti-AKT antibody. (B) Hep3B or Hep3B-

AKT cells were treated with 20 mM sphingosine for 8 h and

cellular proteins were harvested. Expression and processing of

different procaspases was analyzed by immunoblotting as

described in Fig. 1.
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found that activation of the anti-apoptotic AKT kinase could

rescue sphingosine-induced apoptosis by inhibiting cyto-

chrome c release. Our present results demonstrate that

constitutively activated AKT potently suppresses activation

of caspases-7 and -8 induced by sphingosine. These data

strongly suggest that sphingosine-triggered apoptosis and

caspase activation is cytochrome c-dependent. Taken together,

the results from this study suggest that caspases-7 and -8, but

not caspase-2, are involved in induction of apoptosis by

sphingosine.
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