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aSMase IS DISPENSABLE FOR CD95-INDUCED APOPTOSIS 

CD95 (Fas/APO-1) Induces Ceramide Formation and Apoptosis in 
the Absence of a Functional Acid Sphingomyelinase* 
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J e a n i n e G. R. Boesen-de Cock, A n n e m i e k D. Tepper , Evert de Vries , Wim J. v a n Bl i t terswi jk , 
a n d J a n n i e BorstH 

From the Division of Cellular Biochemistry, The Netherlands Cancer Institute, Plesmanlaan 121, 1066 CX Amsterdam, 
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CD95 is a potent inducer of apoptosis. It activates the 
caspase cascade, but also induces ceramide (Cer) pro
duction, reportedly involving acid sphingomyel inase 
(aSMase) activity. A role for Cer as a second messenger 
for apoptosis induction was proposed, based on the find
ing that synthetic Cer analogues can induce cell death. 
We have tested whether aSMase is required for 1) apo
ptosis induct ion and 2) Cer production by CD95. For this 
purpose, w e have used cultured Niemann-Pick disease 
(NPD) lymphoid cells with a defined mutation (R600H) 
in the aSMase protein. Despite their inherited defi
ciency of aSMase, we found that these cells readiiy un
dergo apoptosis upon CD95 stimulation. After retrovi-
rus-mediated gene transfer of the aSMase cDNA, the 
transduced {i.e. "corrected") NPD cells showed neither 
increased levels of apoptosis nor altered kinetics of 
caspase-8 and caspase-3 activation and apoptosis induc
tion as compared with empty vector-transduced cells. 
The slow sustained elevation of Cer levels in response to 
CD95, w h i c h we have previously documented for Jurkat 
T cells (Tepper, A. D., Boesen-de Cock, J. G. R., de Vries, 
E., Borst, J., and van Blitterswijk, W. J. (1997) J. Biol. 
Chem. 272, 24308-24312), was similarly found in NPD 
cells. Moreover, the kinetics of Cer formation remained 
unaffected after aSMase transduction. These results in
dicate that this Cer does not result from aSMase activ
ity. We conclude that aSMase is not required for and 
does not facilitate CD95-mediated apoptosis and that it 
is not responsible for the late Cer response. 

CD95 (Fas/APO-1) and the tumor necrosis factor receptor 
p55 (TNF-R1)1 belong to the steadily growing TNF receptor 
superfamily (1). CD95, TNF-R1, and other apoptosis-inducing 
members of this family share a cytoplasmic "death domain" (2, 
3), an ~~ 80-amino acid dimerization motif that is critical for 
coupling to the caspase cascade (4). Via the adaptor molecule 
FADD (5, 6), CD95 directly recruits caspase-8 (FLICE/Mach-1) 
(7-10) and induces its proteolytic activation (11). Caspase-8, in 
turn, activates other caspase family members that are involved 
in the actual execution of the death program (12-14). 

CD95 and TNF-R1 also induce elevation of intracellular ce-

* This work was supported by the Dutch Cancer Society. The costs of 
publication of this article were defrayed in part by the payment of page 
charges. This article must therefore be hereby marked "advertisement" 
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. 

H To whom correspondence should be addressed. Tel : 31-20-5121972; 
Fax: 31-20-5121989; E-mail: jborst@nki.nl. 

1 The abbreviations used are: TNF-R1, tumor necrosis factor receptor 
1; Cer, ceramide; aSMase, acid sphingomyelinase; NPD, Niemann-Pick 
disease; EBV, Epstein-Barr virus; DOTAP, AMl-(2,3-dioleoyloxy)pro-
pyl]-/V,Ar,iv"-trimethylammonium methyl sulfate; mAb, monoclonal an
tibody; HA, hemagglutinin; eGFP, enhanced green fluorescent protein. 

ramide (Cer) levels. However, data are conflicting with regard 
to the kinetics of the Cer response and the sphingomyelinase(s) 
involved. One group reported that TNF-R1 couples through its 
death domain via a phosphatidylcholine-specific phospholipase 
C to acid sphingomyelinase (aSMase), which gives rise to a 
modest increase in Cer levels within minutes after receptor 
triggering (15, 16). A more membrane-proximal region in the 
TNF-R1 cytoplasmic tail was found to couple to a neutral 
sphingomyelinase, which is also activated within minutes (17, 
18). Other investigators, however, found no evidence for such a 
rapid Cer response and reported that TNF-R1 induces a slow 
sustained elevation of Cer levels over a period of hours (19). 
Also, data on Cer generation by CD95 are conflicting. Some 
authors have four-J u. rapid transient response, within several 
minutes to 1 h (20, 21), which has been attributed to aSMase 
(22). We and -~*hers, however, have detected only a late, more 
sustained response, occurring over a period of hours after re
ceptor stimulation (23, 24). This response was attributed to a 
neutral sphingomyelinase activity (23). 

aSMase activity results from one gene product, which is 
localized in acidic endosomal/lysosomal compartments and is 
responsible for hydrolysis of sphingomyelin to Cer and phos-
phocholine. While aSMase has an important role in lipid me
tabolism, as evidenced from the disease phenotype of aSMase-
deficient Niemann-Pick disease (NPD) type A and B patients 
and aSMase - ' ' mice (25-28), its role in apoptosis is less clear. 
aSMase has been implicated in apoptosis induction on the basis 
of two results: first, mutant CD95 molecules lacking the death 
domain do not activate aSMase and do not induce apoptosis 
(22); and second, aSMase-deficient human lymphoblasts and 
aSMase / _ mice were found to be defective in ionizing radia
tion-induced apoptosis (29). Furthermore, Cer has been associ
ated with apoptosis induction because synthetic, cell-perme
able Cer, but not the dihydro-Cer analogue, can induce caspase 
activation and apoptosis in various cell types (20, 21, 23, 24, 30, 
31). 

To investigate whether aSMase is required for CD95-induced 
apoptosis and Cer generation, we have used Epstein-Barr virus 
(EBV)-transformed lymphoblasts from an NPD patient, which 
have a defined point mutation in the aSMase gene and lack 
detectable aSMase activity (29). These cells were reconstituted 
with the aSMase cDNA by retrovirus-mediated gene transfer, 
and CD95 responses in aSMase-deficient and -proficient cells 
were compared. From our studies, we conclude that aSMase 
plays no role in CD95-induced caspase activation and apoptosis 
induction. Moreover, Cer production took place irrespective of 
functional aSMase expression. 

EXPERIMENTAL PROCEDURES 
Reagents—L-[3-14C]Serine (54.0 mCi/mmol), [N-methyl-14C]$phingo-

myelin (56.0 mCi/mmol), the enhanced chemiluminescence kit, and 
protein G-Sepharose beads were purchased from Amersham Pharmacia 
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FIG. 1. Express ion of aSMase (~70 kJUa) prote in in N P D 

MS1418 and JY lymphoblasts . aSMase, immunoprecipitated with 
anti-aSMase serum from untransduced NPD MS1418 and JY cells, 
empty vector-transduced cells (—), or aSMase-transduced cells ( + ), was 
immunoblotted with anti-aSMase or anti-HA tag antibody. As a control, 
aSMase was immunoprecipitated from COS-7 cells transfected with the 
aSMase cDNA (+) or empty vector ( - ) . pc, normal goat serum preclear. 

Biotech. The Bradford protein assay kit was from Bio-Rad. The DOTAP 
liposomal transfection reagent was from Boehringer Mannheim. Silica 
Gel 60 TLC plates were from Merck. Puromycin was from CLONTECH 
(Palo Alto, CA). Nitrocellulose membranes were from Schleicher & 
Schuil (Dassel, Germany). 

Antibodies—Anti-CD95 mAb CH-11 was purchased from Immuno-
tech (Marseille, France). Mouse anti-human caspase-3 mAb was pur
chased from Transduction Laboratories (Lexington, KY). Horseradish 
peroxidase-conjugated rabbit anti-mouse Ig and swine anti-rabbit Ig 
were obtained from Dako (Glostrup, Denmark), and horseradish perox-
idase-conjugated rabbit anti-goat Ig was from Santa Cruz Biotechnol
ogy (Santa Cruz, CA). Anti-caspase-8 serum was raised in rabbits 
against a synthetic peptide comprising amino acids 2-20 of human 
caspase-8. Specificity of the antiserum was confirmed by immunoblot-
ting of detergent lysates of COS-7 cells transfected with the human 
caspase-8 cDNA (8), which was kindly provided by Dr. M. Peter (Ger
man Cancer Research Center, Heidelberg, Germany). The 12CA5 mAb 
directed against the hemagglutinin (HA) tag was used as hybridoma 
supernatant (32). Goat anti-human aSMase serum, which was gener
ated as described (33), was a kind gift from Drs. K. Ferlinz and K. 
Sandhoff (Rheinische Friedrich-Wilhelms-Universitat, Bonn, Germany). 

Cells—The EBV-transformed B cell line derived from NPD patient 
MS1418 is homozygous for a nucleotide substitution at position 1799 of 
G to A, which changes the normal arginine at residue 600 in the aSMase 
protein (25) to a histidine.'2 The EBV-transformed B cell line JY was 
used as a control. Cells were cultured in Iscove's modified Dulbecco's 
medium supplemented with 10% fetal calf serum, 2 mM glutamine, and 
antibiotics at 37 °C and 5% C02- COS-7 cells were routinely grown in 
Dulbecco's modified Eagle's medium containing 8% fetal calf serum and 
antibiotics. COS-7 cells were transfected with cDNA cloned into the 
pMT2 expression vector according to the DEAE-dextran method (34). 

Retroviral Vector Construction—The LZRS-pBMN-/aaZ vector was 
kindly provided by Dr. G. P. Nolan (Stanford University School of 
Medicine, Stanford, CA) (35). We have used a modified version of this 
vector in which the lacZ gene was replaced by a linker region, an IRES 
sequence, and enhanced green fluorescent protein (eGFP) cDNA as 
described by Heemskerk et al. (36). The aSMase cDNA (25) was kindly 
provided by Dr. K. Sandhoff. An HA tag, a new stop codon, and an 
EcoRV site for blunt cloning were added to the 3'-end of the aSMase 
cDNA before cloning into the EcoRI and SnaBI sites of the linker. The 
correct sequence was checked by dideoxy nucleotide sequencing. 

Generation of Retrovirus and Gene Transduction—Plasmid LZRS-
aSMase-IRES-eGFP or empty vector was transfected into the FNX-
Ampho producer cell line (kindly provided by Dr. G. P. Nolan) by 
calcium phosphate precipitation (34). Transfected cells were selected 
with puromycin (1 /j.g/ml). Virus-containing supernatants from the pro
ducer cell lines were collected, aliquoted, and stored at - 8 0 °C until 
further use. MS1418 and JY cells were transduced at a density of 0.5 x 

2 E. H. Schuchman, unpublished results. 
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FIG. 2. Retroviral transduct ion of a S M a s e in N P D MS1418 and 

JY lymphoblas ts increases intrinsic aSMase activity. CD95 stim
ulation does not change this activity. Homogenates of empty vector- or 
aSMase-transduced NPD MS1418 and JY cells were assayed for sphin
gomyelinase activity at pH 5.0 using [iV-me£/ty/-14C]sphingomyelin (16) 
before and after stimulation of cells with anti-CD95 mAb (500 ng/ml) for 
the indicated time periods. Data are expressed as the release of 
l14C]phosphocholine in dpm/h/mg of protein. 

106/ml of virus-containing supernatant in the presence of 10 ug/ml 
DOTAP. After overnight incubation, the supernatant was removed, and 
cells were cultured in fresh medium. eGFP-expressing cells were sorted 
on a FACStar Plus (Becton Dickinson Advanced Cellular Biology, San 
Jose, CA). Experiments were performed with cell populations consisting 
of >80% green fluorescent cells. 

Quantitation of aSMase Activity—In vitro aSMase activity was as
sayed as described by Wiegmann et al. (16) with some minor modifica
tions. Cells (10 x 106/sample) were collected and washed twice with 
ice-cold phosphate-buffered saline. Cell pellets were resuspended in 
0.2% Triton X-100 and lysed by sonication. Lysates were centrifuged at 
4000 x g for 5 min at 4 °C, and 50 jug of protein (as determined with a 
Bradford protein assay kit) was assayed for aSMase activity using 
[JV-meÉ/iy/-14C]sphingomye!in at pH 5.0. After a 1-h incubation at 37 °C, 
lipids were extracted with chloroform/methanol (1:2, v/v). Radioactive 
phosphocholine in the aqueous phase was quanti tated by liquid scintil
lation counting. 

Cer Quantitation—Cer levels were measured as described previously 
(24). Briefly, cells (1 X 106/ml) were labeled to equilibrium with L-[3-
14C]serine (0.2 /xCi/ml) for 48 h in synthetic Yssel's medium (37). Cells 
were washed twice in Yssel's medium and resuspended at 5 x 106/ml. 
Following stimulation with 500 ng/ml anti-CD95 mAb CH-11, lipids 
were extracted with chloroform/methanol (1:2, v/v). Total lipid was 
spotted on Silica Gel 60 TLC plates. After chromatography, radioactive 
lipids were visualized and quantitated using a Fuji BAS 2000 TR 
phosphoimager and identified using external lipid s tandards. Cer was 
expressed relative to phosphatidylserine and phosphatidyl ethanol -
amine levels, which remained unaltered upon stimulation. 

Apoptosis Assays—Cells were incubated overnight in Yssel's me
dium, seeded at 1 x 106/ml, and stimulated with anti-CD95 mAb CH-11 
at the indicated concentrations at 37 °C and 5% C 0 2 for different time 
periods. All assays were performed in duplicate. To measure nuclear 
fragmentation, cells were harvested, washed with phosphate-buffered 
saline, and lysed in a hypotonic buffer containing 0.1% sodium citrate, 
0.1% Triton X-100, and 50 /xg/ml propidium iodide. In this lysis buffer, 
the nuclei remain intact. Fluorescence intensity of propidium iodide-
stained DNA was determined on a FACScan (Becton Dickinson Ad
vanced Cellular Biology), and data were analyzed using Lysys software. 
Segmented apoptotic nuclei are recognized in this assay by subdiploid 
DNA content (38). To measure propidium iodide uptake, cells were 
stimulated, washed, and suspended in 10 mM Hepes, pH 7.4, 150 mM 
NaCl, 5 mM KC1, 1 mM MgCl2, and 1.8 mM CaCl2 containing 1 mg/ml 
glucose and 0.5% bovine serum albumin. Propidium iodide (final con
centration of 5 /Ag/ml) was added immediately before analysis, and 
propidium iodide-stained cells were analyzed on the FACScan. 
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Immunoblotting—After overnight incubation in Yssel's medium, 
cells were seeded at 10 X 106/ml and incubated with 500 ng/ml anti-
CD95 mAb CH-11 for the indicated time periods a t 37 °C and 5% C0 2 . 
Cells were lysed in \fc Nonidet P-40-containing lysis buffer (0.01 M 
triethanolamine HC1, pH 7.8, 0.15 M NaCl, 5 mM EDTA, 1 mM phenyl-
methylsulfonyl fluoride, 0.02 mg/ml trypsin inhibitor, and 0.02 mg/ml 
leupeptin). Lysates were centrifuged at 13,000 x g for 15 min, and 
supernatants were mixed with concentrated reducing SDS sample 
buffer. Equivalents of 106 cells/lane were separated by 10% SDS-poly-
acrylamide gel electrophoresis. Proteins were transferred to nitrocellu
lose membranes, which were subsequently blocked with 5% nonfat dry 
milk in Tris-buffered saline and 0.05% Tween 20 (TBST) and incubated 
with anti-caspase-3 mAb at 10 /Ag/ml or with anti-caspase-8 serum at a 
1:500 dilution in TBST with 1% nonfat dry milk. After subsequent 
incubation with a 1:7500 dilution of horseradish peroxidase-conjugated 
rabbit anti-mouse Ig or swine anti-rabbit Ig, respectively, proteins were 
visualized by enhanced chemiluminescence. For immunoprecipitation, 
Nonidet P-40 lysates were cleared with normal goat serum and protein 
G-Sepharose beads and incubated with 2 ul of goat anti-human aSMase 
serum and protein G-Sepharose beads. Protein isolates were separated 
by SDS-polyacrylamide gel electrophoresis, and immunoblotting was 
performed as described above with 12CA5 hybridoma supernatant (an-
ti-HA tag) or anti-aSMase serum at a dilution of 1:500. Antibodies were 
detected with horseradish peroxidase-conjugated rabbit anti-mouse Ig 
(1:7500) or horseradish peroxidase-conjugated rabbit anti-goat Ig 
(1:2000), respectively. 

MS1418 cells (Fig. 1). Since MS1418 carries a point mutation in 

the aSMase gene, these cells may well express a nonfunctional 

protein. From the immunoblot analysis, we conclude that gene 

transduction elevates aSMase protein levels by at least a factor 

of 10 in both NPD and JY cells. 

To check whether the transduced cDNA product was func

tional, we determined aSMase activity in whole cell lysates in 

vitro. In line with the NPD phenotype, aSMase activity in 

empty vector-transduced MS1418 cells was much lower than in 

wild-type JY cells and hardly exceeded background levels. In 

aSMase-transduced cells, enzymatic activity was dramatically 

increased (Fig. 2). Morover triggering of the CD95 receptor did 

not alter aSMase activity in either NPD or JY cells. It appears 

from the data depicted in Table I and Fig. 6 that the transduced 

aSMase is also active in situ. In aSMase-transduced cells, basal 

Cer levels were elevated, whereas sphingomyelin levels were 

reduced as compared with those in empty vector-transduced 

cells. 

No Difference in CD95-induced Apoptosis and Caspase Acti

vation in the Presence or Absence of a Functional aSMase—To 

assess the contribution of aSMase to CD95-induced apoptosis, 

we compared the sensitivity of NPD and JY cells to anti-CD95 

RESULTS 

Characterization of NPD and aSMase-reconstituted Lympho-

blasts—To determine the contribution of aSMase to the CD95 

response, we used an EBV-transformed B cell line derived from 

NPD patient MS1418 (29), with or without the retrovirally 

transduced human aSMase cDNA. As a control, we used the 

EBV-transformed B cell line JY. Fig. 1 shows that the aSMase 

gene transfer was effective. The HA-tagged cDNA product 

could readily be detected in anti-aSMase immunoprecipitates 

from aSMase-transduced MS1418 and JY cells as well as in 

whole cell lysates of transfected COS-7 cells. Its size of —70 

kDa corresponds to that of the mature protein as described 

(33). We also immunoblotted anti-aSMase immunoprecipitates 

with anti-aSMase serum to detect endogenous protein. Endog

enous aSMase levels appeared to be very low. No signal was 

observed in JY cells, whereas a very weak band migrating at 

the same position as the cDNA product was detected in the 

TABLE I 

aSMase transduction alters basal Cer and sphingomyelin levels in 
NPD and JY lymphoblasts 

Empty vector- or aSMase-transduced NPD MS1418 and JY cells were 
labeled to equilibrium with [14C]serine, and total lipids were separated 
by TLC and quantified using phosphoimaging. Cer and sphingomyelin 
were normalized for total radioactivity in phosphatidylserine and phos-
phatidylethanolamine, which were the most heavily labeled spots and 
which remained unaltered upon aSMase transduction. Ratios of Cer 
and sphingomyelin over phosphatidylserine and phosphatidylethanol-
amine in empty vector-transduced JY cells were set a t 100% and cor
respond to 0.06 and 0.454, respectively. Values represent the means 
± S.D. of four independent determinat ions from two separate 
experiments. 

NPD 
JY 

Ceramide 

Vector aSMase 

45 ± 3 60 + 5 
100 ± 3 118 ± 5 

Sphingomyelin 

Vector aSMase 

140 ± 1 131 + 2 
100 ± 1 92 ± 1 

con i anti-CD95 1 J con 
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FIG. 3. NPD cells undergo apoptos i s in response to CD95 st imulation. NPD MS1418 Heft panels) and JY fright panels) cells were left 
untreated or were stimulated with 500 ng/ml anti-CD95 mAb and analyzed by flow cytometry for loss of membrane integrity (A) and nuclear 
fragmentation (B). A, propidium iodide uptake was analyzed after 5 h of stimulation. B, nuclear fragmentation was analyzed after 9 h of 
stimulation. Representative data plotted on log histograms are shown as fluorescence intensity (x axis) versus relative cell number (y axis). 
Propidium iodide-positive cells (A) and subdiploid nuclei (B) are indicated by markers, con, control. 
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FIG. 4. aSMase does not affect apoptos is induct ion in r e s p o n s e to CD95 tr iggering. Empty vector-transduced {D and ffl) or aSMase-
transduced (M and • ) NPD MS1418 (left panels) and JY (right panels) cells were left untreated or were stimulated with 500 ng/ml anti-CD95 mAb, 
and apoptosis was measured at the indicated time points (upper panels). Cells were treated with the indicated concentrations of anti-CD95 mAb 
CH-11, and apoptosis was measured after 6 h (lower panels). Propidium iodide-stained nuclei were prepared according to Nicoletti et al. (38), and 
apoptosis was analyzed on a FACScan. Data are representative of three independent experiments and show the means ± S.D. from duplicate 
samples in one experiment. 

FIG. 5. aSMase act ivity i s d ispensa
ble for caspase act ivat ion. Empty vec
tor-transduced ( - ) or aSMase-transduced 
(+) NPD MS1418 and JY cells were 
treated with anti-CD95 CH-11 mAb (500 
ng/ml) or with medium (M) alone (first 
two lanes) for the indicated time periods. 
Proteolytic processing of caspase-8 or 
caspase-3 was determined by immuno-
blotting of total cell lysates separated by 
SDS-polyacrylamide gel electrophoresis. 
Anti-caspase-8 serum detects two pro-
forms of caspase-8 at 55 and 50 kDa (in
dicated by double dashes to the left) and 
their cleavage products of 40 and 36 kDa 
(indicated by arrowheads to the right). 
Anti-caspase-3 mAb detects the 32-kDa 
proform (indicated by single dashes to the 
left) and two cleavage products at 20 and 
17 kDa (indicated by arrowheads to the 
right). 

M anti-CD95 

t = 1 6 0.25 fi.S 1 2 4 6 

caspase-8 

caspase-8 

caspase-3 

caspase-3 

NPD -

mAb CH-11. It appeared that aSMase-defïcient MS1418 cells 
readily undergo apoptosis in response to CD95 ligation. Pro
pidium iodide uptake (Fig. 3A) and nuclear fragmentation (Fig. 
3B) profiles of NPD cells were very similar to those obtained 
with JY cells. Apparently, functional aSMase is not an absolute 
requirement for CD95-induced apoptosis. To examine whether 
aSMase facilitated CD95-induced apoptosis, we compared the 
sensitivity of parental and aSMase-reconstituted MS1418 cells 
(Fig. 4). The presence of aSMase had no effect on the kinetics of 
apoptosis induction (Fig. 4, upper panels) or on the sensitivity 
of the cells to CD95 stimulation (lower panels). Similar results 
were found in JY cells, where the apoptotic response was also 
not altered by aSMase overexpression (Fig. 4, upper and lower 
panels). From these experiments, we conclude that aSMase 
activity is not required for and does not influence CD95-in-
duced apoptosis in lymphoblasts. 

Since apoptosis is the biological end point of CD95 signaling, 
we also examined the possible effects of aSMase on the induc
tion phase of the apoptotic process, i.e. caspase activation. We 
analyzed whether aSMase influenced proteolytic processing of 
caspase-8 and caspase-3, as these proteases are activated upon 
CD95 triggering in lymphoid cells (12-14). It is shown in Fig. 5 
that no difference in caspase-8 processing was observed be
tween empty vector- and aSMase-transduced MS1418 cells. 
Similarly, caspase-3 processing proceeded with the same kinet
ics and efficiency in the presence and absence of aSMase. Also, 
overexpression of aSMase in JY cells had no effect on these 
responses. We conclude that aSMase is not required for and 
does not influence activation of at least two key members of the 
caspase cascade induced by CD95. 

CD95 Stimulation Generates Cer in aSMase-deficient 
Cells—We have previously shown that in Jurkat cells, CD95 
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FIG. 6. aSMase is d ispensable for 
CD95-induced Cer formation. NPD 
MS1418 (left) and JY (right) cells, t rans
duced with empty vector (circles) or aS
Mase cDNA (squares), were labeled with 
L-[3-14C]serine to equilibrium. Lipids of 
stimulated (500 ng/ml anti-CD95 mAb 
CH-11; filled symbols) or untreated (open. 
symbols) cells were extracted and sepa
rated by TLC, and labeled Cer was quan-
titated as described under "Experimental 
Procedures." The data (means ± S.D.) 
represent two independent experiments. 

NPD 

• « = * ^ - - a -° 

JY 

1 2 3 4 5 6 

Time (h) 

1 2 3 4 5 6 

Time (h) 

stimulation induces a slow and sustained increase in Cer levels 
(24). This "late" Cer response remains largely unaffected upon 
inhibition of caspase function and apoptosis induction by the 
tetrapeptide inhibitor DEVD-CHO (24), consistent with the 
possibility that Cer may participate in the apoptotic pathway. 
Therefore, it was relevant to investigate Cer formation upon 
CD95 ligation in aSMase-deficient NPD cells. Fig. 6 shows that 
upon CD95 stimulation, Cer levels gradually increased to the 
same extent and with similar kinetics in both MS1418 and JY 
cells, irrespective of the presence of a functional aSMase. We 
conclude that CD95 induces late Cer formation in which 
aSMase is not involved. 

DISCUSSION 

While aSMase is important for sphingolipid turnover in cells, 
its contribution to signal transduction is questionable. It was 
suggested that Cer resulting from aSMase activity signals to 
the N F - K B transcription factor upon TNF-R1 stimulation (15, 
16). However, it has recently been established that in aSMase-
deficient fibroblasts from NPD patients or gene-targeted mice, 
N F - K B induction by TNF-R1 occurs normally, clearly ruling out 
a function for aSMase in this signaling pathway (39-41). 

With the study reported here, we also question the role of 
aSMase in signaling to apoptosis by CD95. Consistent with our 
previous work in Jurkat T cells (24), the EBV-transformed B 
cells studied here have a late Cer response, but lack the CD95-
induced "rapid Cer response," which has been attributed to 
aSMase (22). Moreover, CD95-induced activation of caspase-8 
and caspase-3 and apoptosis is the same in the presence or 
absence of aSMase, clearly excluding aSMase from the CD95 
signaling pathway leading to apoptosis, at least in lymphoid 
cell. Whether aSMase plays a role in CD95-induced apoptosis 
in other cell types should be evaluated in aSMase-deficient 
mice. 

In contrast to CD95-mediated apoptosis (this work and Refs. 
23 and 24), radiation-induced apoptosis has been reported to 
involve rapid Cer formation (29, 42). In irradiated aSMase-
deficient human lymphoblasts and aSMase ~' mice, both this 
Cer response and apoptosis induction were severely impeded, 
whereas aSMase reconstitution restored responsiveness (29). 
Apparently, radiation-induced apoptosis, unlike CD95-induced 
apoptosis, requires aSMase. In radiation-induced apoptosis, 
Cer has been reported to signal to c-Jun kinase (42), which may 
couple to the caspase cascade. CD95, however, directly acti
vates the caspase cascade. This may explain differences in the 
requirement for secondary signals. 

We have previously reported that CD95-induced Cer forma
tion is not blocked by caspase-3 inhibition (24). Therefore, it is 
possible that this slow Cer response contributes to signaling to 
apoptosis. We now know that this Cer formation does not 
involve aSMase. Apparently, it results either from a neutral 

sphingomyelinase activity or from de novo biosynthesis. In 
either case, evaluation of the role of Cer in apoptosis induction 
is important and can be accomplished by attenuation of Cer 
levels using pharmacological or genetic approaches. 
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Note Added in Proof—We are aware that others have found apoptosis 
resistance in MS1418 cells. We have been informed tha t the MS1418 
line is subject to phenotypic changes upon continuous in vitro culture. 
However, we have confirmed the aSMase gene mutation (R600H) and 
unambigously shown the aSMase deficiency of the cells used in this 
study. 

REFERENCES 

1. Smith, C. A., Farrah, T., and Goodwin, R. G. (1994) Cell 76, 959-962 
2. Itoh, N., and Nagata, S. (1993) J. Biol. Chem. 268, 10932-10937 
3. Tartaglia, L. A., Ayres, T. M., Wong, G. H. W., and Goeddel, D. V. (1993) Cell 

74, 845-853 
4. Nagata, S. (1997) Cell 88, 355-365 
5. Chinnaiyan. A. M., O'Rourke, K., Tewari, M., and Dixit, V. M. (1995) Cell 81, 

505-512 
6. Boldin, M. P., Varfolomeev, E. E., Paneer, Z., Mett, I. L., Camonis, J. H., and 

Wallach, D. (1995) J. Biol. Chem. 270, 7795-7798 
7. Kischkel, F. C, Hellbardt, S., Behrmann, I., Germer, M., Pawlita, M., 

Krammer, P. H., and Peter, M. (1995) EMBO J. 14, 5579-5588 
8. Muzio, M., Chinnaiyan, A. M., Kischkel, F. C, O'Rourke, K., Shevchenko, A., 

Ni, J., Scaffidi, C, Bretz, J. D., Zhang, M., Gentz, R., Mann, M., Krammer, 
P. H., Peter, M. E„ and Dixit, V. M. (1996) Cell 85, 817-827 

9. Boldin, M. P., Goncharov, T. M., Goltsev. Y. V., and Wallach, D. (1996) Cell 85, 
803-815 

10. Fernandes-Alnemri, T., Armstrong, R. C, Krebs, J., Srinivasula, S. M., Wang, 
L.. Bullrich, F., Fritz, L. C, Trapani, J. A., Tomaselli, K., Litwack, G., and 
Alnemri, E. S. (1996) Proc. Natl. Acad. Sci. U. S. A. 93, 7464-7469 

11. Medema, J. P., Scaffidi, C, Kischkel, F. C., Shevchenko, A., Mann, M„ 
Krammer, P. H„ and Peter, M. E. (1997) EMBO J. 16, 2794-2804 

12. Chinnaiyan, A. M., Orth, K., O'Rourke, K., Duan, H., Poirier, G. G., and Dixit, 
V. M. (1996) J. Biol. Chem. 271, 4573-4576 

13. Schlegel, J., Peters, I., Orrenius, S., Miller, D. K., Thornberry, N. A., Yamin, 
T.-T., and Nicholson, D. W. (1996) J. Biol. Chem. 271, 1841-1844 

14. Srinivasula, S. M., Ahmad, M., Fernandes-Alnemri, T., Litwack, G., and 
Alnemri, E. S. (1996) Proc. Natl. Acad. Sci. U. S. A. 93, 14486-14491 

15. Schütze, S., Potthoff, K., Machleidt, T., Berkovic, D., Wiegmann, K., and 
Krönke, M. (19921 Cell 71, 765-776 

16. Wiegmann, K., Schütze, S., Machleidt, T., Witte, D., and Krönke, M. (1994) 
Cell 78, 1005-1015 

17. Adam, D., Wiegmann, K., Adam-Klages, S., Ruff, A., and Krönke, M. 11996) 
J. Biol. Chem. 271, 14617-14622 

18. Adam-Klages, S., Adam, D., Wiegmann, K-, Struve, S., Kolanus, W., 
Schneider-Mergener, J., and Krönke, M. (1996) Cell 86, 937-947 

19. Dbaibo, G. S.. Perry, D. K., Gamard, C. J., Piatt, R., Poirier, G. G., Obeid, L. M.. 
and Hannun, Y. A. (19971 J. Exp. Med. 185, 481-490 

20. Cifone, M. G., De Maria, R., Roncaioli, P., Rippo, M. R., Azuma, M., Lanier, 
L. L., Santoni, A., and Testi, R. 11994! J. Exp. Med. 180, 1547-1552 

21. Gulbins, E., Bissonnette, R., Mahboubi, A., Martin, S., Nishioka, W., Brunner. 
T., Baier, G., Baier-Bitterlich, G., Byrd, C, Lang, F., Kolesnick, R., Altman, 
A., and Green, D. (1995) Immunity 2, 341-351 

22. Cifone, M. G., Roncaioli, P., De Maria, R., Camarda, G.. Santoni, A., Ruberti, 
G., and Testi, R. (1995) EMBO J. 14, 5859-5868 

23. Tepper, C. G., Jayadev, S., Liu, B., Bielawska, A., Wolff, R., Yonehara, S.. 
Hannun, Y. A., and Seldin, M. F. (1995) Proc. Natl. Acad. Sci. U. S. A. 92, 
8443-8447 

24. Tepper, A. D., Boesen-de Cock, J. G. R., de Vries, E., Borst, J., and 

59 



CHAPTER 3 

van Blitterswijk, W. J. (1997) J. Biol. Chem. 272, 24308-24312 
25. Schuchman, E. H., Suchi, M., Takahashi, T., Sandhoff, K, and Desnick, R. J. 

(1991) J. Biol. Chem. 266, 8531-8539 
26. Horinouchi, K„ Erlich, S„ Perl, D. P., Ferlinz, K., Bisgaier, C. L., Sandhoff. K, 

Desnick, R. J., Stewart, C. L., and Schuchman, E. H. (1995) Nat. Genet. 10, 
288-293 

27. Otterbach, B., and Stoffel, W. (1995) Cell 81, 1053-1061 
28. Schuchman, E. H., and Desnick, R. J. (1994) in The Metabolic and Molecular 

Bases of Inherited Disease (Scriver, C. R., Beaudet, A. L., Sly, W. S-, and 
Valle, D., eds) pp. 2601-2624, McGraw-Hill Book Co., New York 

29. Santana, P., Pena, L. A., Haimovitz-Friedman, A., Martin, S., Green, D., 
McLoughlin, M., Cordon-Cardo, C, Schuchman, E. H., Fuks, Z., and 
Kolesnick, R. (1996) Cell 86, 189-199 

30. Obeid, L. M., Linardic, C. M„ Karolak, L. A., and Hannun, Y. A. (1993) Science 
259, 1769-1771 

31. Mizushima, N., Koike, R., Kohsaka, H., Kushi, Y., Handa, S., Yagita, H., and 
Miyasaka, N. (1996) FEBS Lett. 395, 267-271 

32. Field, J., Nikawa, J. I„ Broek, D„ MacDonald, B., Rodgers, L., Wilson, I. A., 
Lerner, R. A., and Wigier, M. (1988) Mol. Cell. Biol. 8, 2159-2165 

33. Hurwitz, R., Ferlinz, K., Vielhaber, G., Moczall, H., and Sandhoff, K. (1994) 

J. Biol. Chem. 269, 5440-5445 
34. Sambrook, J., Fritsch, E. F., and Maniatis, T. (1989) Molecular Cloning: A 

Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory. Cold Spring 
Harbor, NY 

35. Kinsella, T. M„ and Nolan, G. P. (1996) Hum. Gene Ther. 7, 1405-1413 
36. Heemskerk, M. H. M„ Blom, B., Nolan, G., Stegmann, A. P. A., Bakker, A. Q., 

Weijer, K„ Res, P. C. M., and Spits, H. (1997) J. Exp. Med. 186, 1-6 
37. Yssel, H., de Vries, J. E., Koken, M., van Blitterswijk, W. J„ and Spits, H. J. 

(1984) Immunol. Methods 72, 219-222 
38. Nicoletti, I., Migliorati, G., Pagliacci, M. C, Grignani, F., and Riccardi, C. 

(1991) J. Immunol. Methods 139, 271-279 
39. Kuno, K., Sukegawa, K., Ishikawa, Y., Orii, T., and Matsushima, K. (1994)Int 

Immunol. 6, 1269-1272 
40. Zumbansen, M., and Stoffel, W. (1997) J. Biol. Chem. 272, 10904-10909 
41. Gamard, C. J., Dbaibo, G. S., Liu, B., Obeid, L. M., and Hannun, Y. A. (1997) 

J. Biol. Chem. 272, 16474-16481 
42. Verheij, M„ Bose, R., Lin, X.-H., Yao, B., Jarvis, W. D., Grant, S., Birrer, M. J„ 

Szabo, E., Zon, L. I., Kyriakis, J. M., Haimovitz-Friedman, A., Fuks, Z., and 
Kolesnick, R. N. (1996) Nature 380, 75-79 

60 


