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Abstract
Fas (CD95/APO-1) belongs to the tumor necrosis factor receptor family and its signaling pathway has been extensively stud-
ied over the past 15 years. Blockade of the Fas-mediated apoptotic signal leads to abusive lymphoproliferation, auto-immu-
nity, and an increased risk of developing lymphoma and leukemia. Fas engagement drives the formation of a complex termed
DISC (death-inducing signaling complex), which contains the adaptor molecule Fas-associated protein, two members of the
caspase family caspase-8 and -10, and a pseudo-caspase termed c-FLIP. According to different authors, DISC formation
relies either on the redistribution of Fas into the lipid rafts or the recruitment of the actin cytoskeleton and receptor endo-
cytosis or the production of ceramide. However, the accurate molecular ordering upstream from the formation of DISC
remains very puzzling and is highly debated. Herein we review some of the factors that would potentially facilitate or limit
the formation of the DISC. 
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INTRODUCTION

Fas (CD95/APO-1) is expressed at the plasma mem-
brane as a pre-associated homotrimer [50] owing to the
fact that the amino-part of its extracellular region
encompasses a domain termed PLAD (pre-ligand asso-
ciation domain), essential for the homotypic polymer-
ization of the receptor [53, 61]. A common feature of
death receptors is the presence of a conserved stretch of
80 amino acids in their cytoplasmic tails termed the
death domain (DD), which serves as a platform for
death-inducing signaling complex (DISC) formation.
The Fas-mediated apoptotic signal is essential for the
homeostasis of the immune system and germinal muta-
tions have been reported in patients suffering from
a syndrome termed ALPS type Ia (autoimmune lym-
phoproliferative syndrome), a childhood disorder char-
acterized by aberrant lymphoproliferation and autoim-
munity [14, 17, 57]. These patients possess an increased
risk of developing lymphomas [65]. Conversely, somatic
mutations in the gene encoding Fas have been reported
to be present in cells of patients suffering from various
lymphomas and leukemias [22, 51]. In most cases these

mutations are located inside the DD [56], altering the
transmission of the apoptotic signal and thus allowing
cells to escape immune surveillance. 

Once Fas is engaged, its DD binds the adaptor mol-
ecule Fas-associated protein (FADD) through a homo-
typic interaction [4, 9]. In turn, FADD recruits and
aggregates initiator caspases (caspase-8 and caspase-
-10). This molecular complex (Fas/FADD/caspases) is
called DISC, for death-inducing signaling complex (see
Fig. 1) [31]. At the DISC level, the concentration of ini-
tiator caspases favors their auto-cleavage, the activation
of these proteases, and the release of activated caspases
into the cytoplasm, thereby leading to the triggering of the
apoptotic signal. Among the DISC components, c-FLIPL
(cellular FADD-like IL-1b-converting enzyme inhibitory
protein) and its smaller splice variant c-FLIPS have been
reported as potent inhibitors of the caspase activation
[28]. c-FLIPL shares extensive homology with the cas-
pase-10 catalytic domain in its carboxy-terminal region,
but this caspase-like protein lost a conserved cysteine
residue in the catalytic site and a closely positioned his-
tidine residue, which are essential for catalytic activity
[27]. As a consequence, c-FLIP is devoid of any protease
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activity and rather exerts a negative function by compet-
ing with caspase-8 and -10 for FADD-binding [3, 37]. 

FAS AGGREGATION 
AND CONFORMATIONAL CHANGES

FasL (CD95L/CD178) is a transmembrane protein
that belongs to the tumor necrosis factor (TNF) family.
In contrast to the receptor Fas, which is expressed ubiq-
uitously in different tissues, the pattern of FasL expres-
sion is cell restricted and tightly regulated. FasL is
expressed de novo at the surface of activated T lympho-
cytes and natural killer cells, where it acts as a powerful
weapon to eliminate transformed and infected cells [33].
Although membrane-bound FasL is well accepted as
a potent apoptotic inducer [67], its soluble counterpart
generated after cleavage by metalloprotease [30, 46]
does not possess any cytolytic activity and even inhibits
the membrane-bound FasL-mediated apoptotic signal
[59, 66]. Interestingly, cross-linking of this soluble FasL
using antibodies restores the proapoptotic activity, and
hexameric FasL has been reported to be the minimal
complex required to induce an efficient cell death signal
[24]. We recently showed that at comparable levels of
Fas aggregation, a home-made generated chimeric FasL
is considerably more efficient in forming the DISC and
in transmitting cell death than agonistic pentavalent
IgM anti-Fas antibodies [3]. Besides, the agonistic anti-
bodies and FasL do not seem to induce identical signals
[25, 39, 41]. Altogether, these findings point to confor-
mational alterations and multimerization of homotri-
meric Fas as the first steps required to exclude anti-
apoptotic factor(s) and to recruit molecule(s) essential
to forming DISC. 

THE SO−CALLED TYPE I AND TYPE II CELLS

According to the extent of the DISC formation, cells
have been classified in two groups [58]. In the so-called
type I cells, Fas engagement is followed by an efficient
formation of the DISC and the subsequent release of
a large amount of active caspases. In contrast, in type II
cells, DISC formation and caspase release are impaired
and in these cells the Fas-mediated apoptotic signal
relies on an apoptotic amplification loop triggered by
the mitochondrion [58]. Recently, Muppidi and Siegel
[50] refined this model by showing that the enrichment
of Fas into or outside the membrane sub-domains called
lipid rafts was responsible of the type I and type II phe-
notypes, respectively. 

The classical fluid mosaic model of the cell mem-
brane introduced by Singer and Nicolson [63] in 1972
has been challenged in the last decade with the lipid raft
theory [5, 62]. The view of the membrane bilayer has
therefore changed and the extracellular leaflet is now
depicted as a heterogeneous structure containing com-
pacted proteolipidic assemblies (ordered phase) which

float into the rest of the more fluid membrane (liquid
phase). These sub-domains are enriched in sphin-
golipids and cholesterol and they are currently designat-
ed as detergent-resistant microdomains (DRMs), gly-
cosphingolipid-enriched microdomains (GEMs), lipid
rafts, membrane rafts, or simply microdomains.
Cumulative data point out an essential role for the lipid
rafts in different molecular processes, such as protein
sorting in polarized cells [5, 62], endocytosis [55], signal
transduction in B and T lymphocytes [8, 49, 69], and
protein degradation [44]. Recently, we and others
reported that these GEMs are essential to transmitting
the Fas signal, but the molecular mechanism involved in
the amplification of the Fas-mediated apoptotic signal
by these membrane sub-domains remains abstruse [18,
19, 26, 40, 42, 50]. 

FAS REDISTRIBUTION INTO 
THE LIPID RAFTS

Ceramides have been described as potent inducers
of cell death [52]. In the Fas signaling pathway, these
lipids have been suggested as indispensable for the
apoptotic signal and their production depends on acidic
sphingomyelinase (aSMase) activity [10]. However, the
link between the generation of ceramide and caspase
activation in canonical Fas-mediated cell death is not
defined. Recently, the role of ceramide in the Fas sig-
naling pathway has been refined, and although Fas
engagement generates a weak amount of active caspase-8,
insufficient to induce the apoptotic signal, these pro-
teases are essential to activating sphingomyelinase and
to producing ceramide, which in turn drives the redistri-
bution of Fas into the lipid rafts, the formation of the
DISC, and the induction of the apoptotic signal [11]. 

The redistribution of Fas into the DRMs when cells
are treated with various anti-tumoral agents was also
recently reported [19–21, 34]. Gajate and Mollinedo
showed that the ether lipid 1-O-octadecyl-2-O-methyl-
-rac-glycero-3-phosphocholine (Et-18-OCH3; edelfos-
ine) induces the redistribution of Fas into the DRMs,
which represents a self-sufficient step mediating a Fas-
-dependent apoptotic signal independently of FasL
expression or Fas/FasL interaction [18]. Although
edelfosine treatment does not seem to require sphin-
gomyelinase activity, cisplatin treatment drives the
migration of Fas into lipid rafts via the induction of
aSMase [34]. The novel anti-tumoral drug Aplidin
involves the actin cytoskeleton [20] to promote the lat-
eral mobility of Fas and its stabilization on supramolecular
platforms, thus allowing the formation of the DISC and
the induction of apoptosis. Taken together, these find-
ings suggest that the redistribution of Fas into the lipid
rafts is sufficient to mediate the activation of the apop-
totic signal independently of the presence of FasL or to
decrease the apoptotic threshold required to induce the
death signal by altering the balance between the negative
and positive molecules involved in the DISC formation. 
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In the earlier steps of the Fas molecular ordering,
high-molecular-mass forms of Fas are easily observable
by Western blotting using denaturing and reducing con-
ditions. We and others did not observe any correlation
between the formation of these aggregates and the
intensity of the death signal [36, 39]. However, using
sucrose density gradient centrifugation to separate pro-
teins and native protein complexes according to their
Stoke’s radius, various forms of Fas microaggregates
have recently been isolated upon Fas engagement and
one type of these complexes has been shown to contain
DISC components [16]. Feig et al. [16] suggested that
the occurrence of Fas microaggregates and DISC for-
mation depend on the palmitoylation of a cysteine locat-
ed inside the Fas intracellular tail (C199). In contrast,
Chakrabandhu et al. [7] pointed out that Fas palmitoy-
lation was involved in the redistribution of the receptor
into the lipid rafts, a mandatory step in triggering cell
death. Experiments have to be performed to clarify the
exact function of Fas palmitoylation, but the post-trans-
lational modification of the cysteine at position 199
remains the only genetic clue supporting the redistribu-
tion of Fas into the DRMs and its essential role in the
apoptotic signal. Characterization of the molecules
involved in Fas palmitoylation will be of great interest to
fully understand the initial events of the Fas engage-
ment cascade. 

ACTIN CYTOSKELETON 
AND FAS−MEDIATED APOPTOSIS

The capping of Fas which takes place following the
binding of Fas ligands is supposed to rely on actin poly-
mers [1], and sphingomyelinase activation via the
ceramide production has been described to modulate
the actin cytoskeletal network [23]. Based on elegant
studies carried out on T-lymphocyte activation and the
“immune synapse” formation, it has been shown that
one way in which the cytoskeleton is essential in this
process is by maintaining membrane rigidity and by reg-
ulating supra-molecular complex formation [15].
Remarkably, activation of Fas leads to the formation of
a cell polarized cap reminiscent of the “immune
synapse” [68]. Since cell polarization is an actin
cytoskeleton-driven process and disruption of actin
polymers disturbs the transmission of the apoptotic sig-
nal [1, 7, 20, 35, 54], we can hypothesize that the actin
cytoskeleton plays an essential role in the Fas signal.
However, contradictory studies have reported that the
actin cytoskeleton network is not implicated in the Fas-
mediated apoptotic signal in type II cells [1] and that
preventing actin filament elongation with cytochalasin
D amplifies or does not at all disturb the Fas signal in
epithelial cells (e.g. ovarian cancer cell lines or in airway
epithelial cells) or in the Jurkat cell line (type II cell),
respectively [6, 47]. Fas engagement transmits non-
-apoptotic signals [2, 37, 38], and the actin cytoskeleton
has also been involved in the transduction of this signal

[64]. These results are debated, since recent data put
forward that, whereas the actin cytoskeleton is essential
to the DISC formation and the induction of apoptosis, it
does not participate in the triggering of non-apoptotic
signals [35]. Altogether, these findings are ambiguous
and highlight the fact that more experiments are need-
ed to define the exact role of the actin cytoskeleton and
the connecting factors required to associate the trans-
membrane receptor Fas to it. Among ezrin, radixin, and
moesin, the so-called ERM proteins which act as linkers
between the plasma membrane and the actin cytoskele-
ton, ezrin has been involved in the Fas-mediated apop-
totic signal [45, 54] and represents one molecular link
between the apoptotic signal and the actin cytoskeleton
network.

ENDOCYTOSIS IN THE FAS SIGNAL 

The role of endocytosis in the signal transduction of
members of the TNF receptor has recently been revisit-
ed [48]. The TNF/TNFR1 death-inducing complex is
drastically inhibited by the adenoviral protein E3-
-14.7K, which blocks TNF-induced TNFR1 internaliza-
tion, whereas the transmission of the non-apoptotic sig-
nal NF-κB is conserved [60]. Furthermore, in type I
cells, the DISC is found efficiently constituted at the
level of the endosomal compartment, indicating that Fas
endocytosis is essential to inducing cell death [35]. The
redistribution of Fas into the lipid rafts has been report-
ed as essential to binding ezrin, which in turn favors the
endocytosis of the bound complex [7]. Nevertheless, it is
noteworthy that another member of the TNF receptor
family, the TNF-related apoptosis-inducing ligand
receptor, does not require internalization to induce cell
death [32]. 

It therefore appears that the study of endocytosis in
the Fas signaling pathway may be a very promising new
research area, since besides adding a spatial dimension
in the tight regulatory mechanisms of the Fas signaling
pathway, it would bring together the actin cytoskeleton,
the DRMs, and the adaptor molecule ezrin. Moreover,
it would be tempting to explain the higher threshold
required to induce apoptosis compared with the non-
-apoptotic signal [38], as blocking the process of endo-
cytosis solely inhibits the induction of the apoptotic sig-
nal. Altogether, these findings support the conclusion
that several molecular processes are taking place
upstream of DISC formation and the induction of active
caspases, while its exact molecular ordering and the
complete list of actors remain a subject of intense
research.

REMARKS

Herein we reported on different molecular process-
es that have been described in the literature as partici-
pating in the formation of the DISC and the induction
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of the apoptotic signal. The question now is to decipher
whether each process acts independently and is specific
to a certain cellular context or whether they are all inter-
connected (see Fig. 1). In the latter situation it would be
interesting to identify the molecular ordering upstream
DISC formation. 

Recently the apoptotic function of Fas has been
challenged in vivo and in vitro since more and more data
are accumulating extending the role of this receptor to
areas other than apoptosis, such as in neutrophil attrac-
tion [29], liver regeneration [13], neurone outgrowth
[12], and favoring tumorigenesis and metastasis [2, 43].
Understanding the initial steps of Fas signal progression
would be essential to explaining the dichotomy of the
Fas-mediated signal. 
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Fig. 1. Investigating the molecular ordering of the ini-
tial step(s) potentially involved in the formation of
DISC and the induction of the apoptotic signal.
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