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Abstract 

F as death receptor (also named CD95 or APO-1) is physiologically activated through 
binding to its cognate ligand, FasL. Fas/FasL interaction induces oligomerization and 
aggregation of Fas receptor, leading eventually to apoptosis after protein-protein interac­

tions with adaptor and effector proteins. However, recent evidences demonstrate that either 
oligomerization of the receptor in trimers, as well as Fas aggregation in large clusters do not 
require its interaction with FasL. Activation of Fas through its translocation into membrane 
rafts, forming Fas caps, can be rendered independently of FasL. This FasL-independent cocapping 
of Fas in membrane rafts generates high local concentrations of Fas, providing scaffolds for 
coupling adaptor and effector proteins involved in Fas signaling. Thus, Fas receptor can be 
modulated either extracellularly, via FasL, or intracellularly independently of its ligand. 
Unraveling the molecular mechanism involved in FasL-independent activation of Fas will raise 
putative novel therapeutic interventions, especially in disorders where apoptosis is deficient 
such as cancer and autoimmune diseases, avoiding in this way the deleterious side effects that 
preclude the use of systemic activation of the Fas receptor by its ligand. 

Abbreviations 
The abbreviations used are: DED, death effector domain; DEF, death effector filament; 

DISC, death-inducing signaling complex; ET-I8-OCH3, l-O-octadecyl-2-O-methyl-
mc-glycero-3-phosphocholine (edelfosine); FADD, Fas-associated death domain-containing 
protein; FasL, Fas ligand; JNK, c-Jun NH2-terminal kinase; Ipr, lymphoproliferation; MKK7, 
mitogen-activated protein kinase kinase 7; TNF, tumor necrosis factor. 

Introduction 
In May 1989 Dr. Shin Yonehara et al '̂̂  reported an IgM monoclonal antibody that could 

kill several human cell lines, and termed Fas (ES7-associated cell surface antigen) the cell 
surface protein recognized by the antibody. In July of the same year, Dr. Peter H. Krammer and 
his associates reported a mouse monoclonal antibody, named anti-APO-1 antibody which 
promoted apoptosis in human leukemic cells and activated lymphocytes. In 1991 Dr. Shigekazu 
Nagata and his associates succeeded in cloning the membrane protein recognized by the killing 
antibody, the Fas antigen, that turned out to be identical to the APO-1 protein identified later 
in Krammer's group. ̂  Then Nagatas group cloned the corresponding physiological ligand of 
the Fas death receptor, named Fas ligand (FasL).^'^ These findings identified the Fas/FasL 
system as the major regulator of apoptosis at the cell membrane in mammalian cells through a 
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receptor/ligand interaction. Subsequent studies led to a detailed characterization of the initial 
events triggered after binding of Fas to its cognate ligand. However, the notion that Fas requires 
interaction with its ligand to trigger an apoptotic response has been recently challenged. 
Current evidence indicates that Fas can be activated in a FasL-independent manner, suggesting 
that Fas can also receive orders from within the cell. Thus, cells could dictate its own demise 
through activation of Fas death receptor without the external influence of its ligand. Unraveling 
the signaling pathways and molecules involved in the intracellular activation of Fas, indepen­
dently of FasL, can provide the basis for novel therapeutic strategies and for the development of 
new compounds able to modulate apoptosis. 

Fas Death Receptor Functions through Oligomerization 
and a Cascade of Protein-Protein Interactions 

The Fas death receptor (also called CD95 or APO-1), a major member of the tumor 
necrosis factor (TNF)/nerve growth factor receptor family '̂  transmits apoptosis signals 
initiated by the interaction with its membrane-bound or soluble natural ligand FasL or by 
agonistic anti-Fas antibodies. ̂ '̂  FasL belongs to theTNF family and can be found as a 40-kDa 
membrane-bound or a 26-kDa soluble cytokine. ̂ ^ 

Mature Fas (Fig. 1) is a 45-kDa type I transmembrane receptor of 319 amino acids with a 
single transmembrane domain of 17 amino acids (from Leu-158 to Val-174), an N-terminal 
cysteine-rich extracellular domain (18 cysteine residues in 157 amino acids) and a C-terminal 
cytoplasmic domain of 145 amino acids that is relatively abundant in charged amino acids (24 
basic and 19 acidic amino acids). The cytoplasmic portion of Fas contains a domain of about 
85 amino acids termed "death domain", which is homologous to other death receptors and 
plays a crucial role in transmitting the death signal from the cell's surface to intracellular 
pathways. ' ' Unlike the intracellular regions of other transmembrane receptors involved in 
signal transduction, the death domain does not possess enzymatic activity, but mediates 
signaling through protein-protein interactions. The death domain has the propensity to 
self-associate and form large aggregates in solution. The tertiary structure of the Fas death 
domain, revealed by NMR spectroscopy, consists of six antiparallel, amphipathic a 
helices. ̂ '̂ '̂ ^ Helices a l and a2 are centrally located and flanked on each side by a3/(x4 and 
Oc5/oc6. This leads to an unusual topology in which the loops connecting QL\lo2 and a4/a5 
cross over each other. ' The presence of a high number of charged amino acids in the surface 
of the death domain is probably responsible for mediating the interactions between death 
domains. Stimulation of Fas by FasL results in receptor aggregation, '̂ ^ previously assembled 
in trimers, ' ^ and recruitment of the adaptor molecule Fas-associated death domain-containing 
protein (FADD)^ through interaction between its own death domain and the clustered receptor 
death domains. FADD also contains a "death effector domain" (DED) that binds to an 
analogous domain repeated in tandem within the zymogen form of caspase-8. Upon recruit­
ment by FADD, procaspase-8 oligomerization drives its activation through self-cleavage, acti­
vating downstream effector caspases and leading to apoptosis. Thus, activation of Fas results 
in receptor aggregation and formation of the so-called "death-inducing signaling complex" 
(DISC),^^ containing trimerized Fas, FADD and procaspase-8 (Fig. 2). 

Mice carrying the lymphoproliferation (Ipr) point mutation which converts Ile-225 to 
Asn-225 in the cytoplasmic region of the mouse Fas antigen, are characterized by a deficient 
Fas antigen that leads to a lymphoproliferation syndrome showing lymphadenopathy and a 
systemic lupus erythematosus-like autoimmune disease.̂ "^ The corresponding mutation 
in human Fas (V238N) leads to inhibition of apoptosis, ̂ ^ together with a dramatic inhibition 
in Fas death domain self-association and binding to FADD,^^ suggesting that this point mutation 
alters the protein structure of the death domain. These data suggest that the intracellular por­
tion of the Fas molecule is critical for death receptor oligomerization required for apoptotic 
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Figure 1. Schematic diagram of the human Fas death receptor. Mature human Fas protein consists of 319 
amino acids (aas) with an N-terminal extracellular domain of 157 aas, a short transmembrane region (17 
aas) and a C-terminal cytoplasmic domain of 145 aas. Relevant domains for Fas oligomerization and 
apoptotic activity are shown. An N-terminal extracellular oligomerization domain (NOD) of 49 aas (Arg-1 
to Pro-49) responsible for FasL-independent oligomerization of the receptor. Three cysteine-rich domains 
(CRDl -Gln31 to Val-67, CRD2 -Pro-68 to Cys-111-, and CRD3 -Arg-112 to Lysl50-) containing 4, 6 
and 8 Cys residues in each domain respectively. A cytoplasmic death domain (DD) of 85 aas (Ser-214 to 
He -298) is crucial for oligomerization and apoptotic signaling. The last 15 amino acids (Asp-305 to 
Val-319) of the Fas amino acid sequence represent a C-terminal inhibitory domain (CID). The correspond­
ing ̂ r point mutation in human Fas (Val238N) is also shown (*). Domains and membrane are not to scale. 
Amino acid numbering is according to Itoh et al for the mature human Fas sequence. 

activity. Current evidence indicates that the molecular ordering of the initial events in physi­
ological Fas-mediated signaling include four successive steps.^^ (a) FasL-induced formation of 
Fas microaggregates at the cell surface, (b) recruitment of FADD to form a DISC in an actin 
filament-dependent manner, (c) formation of large Fas surface clusters positively regulated by 
DISC-generated caspase-8, (d) actin filament-dependent internalization of activated Fas through 
an endosomal pathway. 

Fas Oligomerization without Interaction with Its Ligand FasL 
An early view of the molecular events leading to Fas activation considered that, upon 

binding to homotrimers of FasL, the Fas receptor homo-oligomerized through the intracellular 
death domains resulting in its trimerization. Due to the propensity of the intracellular Fas 
death domains to associate with one another, FasL ligation led to the clustering of Fas death 
domains and Fas aggregation in trimers promoting the recruitment of FADD and procaspase-8 
that together with the receptor formed the DISC and triggered apoptosis.^^ 
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Figure 2. Schematic representation of a tentative model for activation of Fas receptor through its aggregation 
in membrane rafts. Fas molecules are brought together and concentrate in membrane rafts facilitating the 
formation of DISCs, following protein-protein interactions between Fas-FADD through their respective 
death domains (DD), and FADD-procaspase-8 through their respective death effector domains (DED). 
Actin cytoskeleton through ezrin could be involved in the clustering of Fas in rafts. 

However, experimental evidences accumulated in the last five years have modified our 
view of how Fas-signaling activation takes place. Recent evidence suggests that Fas receptor is 
in trimer status before FasL binding. ' Preassociated Fas complexes were found in living cells 
by means of fluorescence resonance energy transfer between variants of green fluorescent 
protein. ̂ ^ A FasL- and death domain-independent oligomerization domain in the extracellular 
region of the Fas receptor, mapping to the NH2-terminal 49 amino acids, mediates homo- and 
hetero-oligomerization of the death receptor (Fig. 1). Thus, Fas in unstimulated cells seems 
to be constitutively oligomerized and ligand binding is suggested to induce conformational 
changes of oligomerized subunits relative to each other, br inging together intracellular 
domains that are separated in the basal state. However, apoptosis can be triggered in the 
absence of FasL by overexpressing the Fas cytoplasmic domain or a Fas receptor lacking the 
NH2-terminal 42 amino acids, suggesting that the extracellular oligomerization domain of 
Fas is not required to initiate signaling and that self-association of the death domain is neces­
sary and sufficient to induce cell death and occurs in the absence of an intact extracellular 
oligomerization domain. Thus, two major oligomerization domains seem to be present in the 
Fas receptor (Fig. 1), one mapping to the extracellular region of the receptor, likely related to 
the regulation of the nonsignaling state, and another one, involved in apoptotic signaling, 
mapping to the intracytoplasmic region, the death domain. 

The intracellular death domains of death receptors show a high tendency to self-associate^ '"̂ ^ 
and when overexpressed by gene transfer in eukaryotic cells trigger signaling for cytotoxicity. 
These findings indicate that the Fas receptor plays an active role in its own clustering and 
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suggest the existence of cellular mechanisms that restrict its self-association, thus preventing 
constitutive signaling. Altogether, these data show that Fas oligomerization can be rendered in 
the absence of FasL. 

Fas-Mediated Apoptosis Does Not Require the Participation of FasL 
It has been proposed that doxorubicin-induced apoptosis in human T-leukemic cells is 

mediated by FasL expression with subsequent autocrine and/or paracrine induction of cell 
death through binding of FasL to the membrane Fas receptor. This led to postulate in 1996 
that Fas/FasL interactions could account for chemotherapy-associated apoptosis. In addition 
to doxorubicin, additional anticancer drugs, such as methotrexate or bleomycin, were reported 
to promote induction of FasL expression and upregulation of membrane FasL, leading to 
autocrine or paracrine Fas/FasL-dependent apoptosis. ' Activation-induced cell death (AICD) 
in T cells as well as cell death promoted by different antitumor drugs have been reported to be 
mediated by Fas/FasL interaction.^^'^^ Cell lines resistant to Fas were reported to be insensitive 
to anticancer drug-induced apoptosis, and drug-induced cell death was prevented by Fas neu­
tralizing antibodies. However, the above notion involving Fas/FasL interactions in 
chemotherapy-induced apoptosis became rapidly controversial as several research groups did 
not obtain the same results, and thereby did not reach the same conclusions as above, using 
even similar experimental conditions that included same cell types and chemotherapeutic 
drugs.^^'^^ Furthermore, a number of reports showed that blockade of Fas/FasL interactions 
did not prevent apoptosis induced by doxorubicin and additional cytotoxic drugs.^^'^^ Al­
though many cytotoxic drugs have been reported to act independently of the Fas system, ' ' 
we and others detected FasL-independent activation of Fas in the mechanism of action of a 
number of antitumor drugs, including the antitumor ether lipid l-O-octadecyl-2-O-methyl-
mr-glycero-3-phosphocholine (ET-I8-OCH3, edelfosine), cisplatin (CDDP), etoposide (VP16), 
and vinblastine.^^' Cells deficient in Fas were resistant to the proapoptotic action of 
ET-I8-OCH3, but became sensitive to the antitumor ether lipid when transfected with Fas.̂ ^ 
The presence or absence of Fas cell surface expression in cancer target cells correlated with their 
sensitivity or resistance, respectively, to the proapoptotic activity of ET-18-OCH3^^ 
Down-regulation of FADD by transient transfection of an antisense FADD construct inhib­
ited tumor cell sensitivity to cisplatin, etoposide or vinblastine, whereas overexpression of FADD 
sensitized tumor cells to drug-induced cell death. Transfection of cells with FADD dominant 
negative decreased apoptosis induced both by cisplatin or antitumor ether lipids, '̂ ^ and tran­
sient transfection with either MCI59 or E8, two viral proteins that inhibit apoptosis at the 
level of FADD and procaspase-8, respectively, protected cells from cisplatin-induced cyto­
toxicity. ^ Nevertheless, incubation with blocking anti-Fas antibodies (such as ZB4 and SMI/ 
23 antibodies) or with the soluble Fas-IgG chimera fusion protein to block the interaction of 
Fas with FasL failed to inhibit drug-induced apoptosis, and drug-mediated induction of FasL 
expression was not always detected in distinct tumor cells. ' ^ Thus, these data suggest that, at 
least, some anticancer drugs induce cell death through a Fas/FADD pathway in a 
FasL-independent manner, and can partially explain the previous contradictory results on the 
involvement of Fas signaling in the action of anticancer drugs. 

On the other hand, the unique mechanism of action of the antitumor ether lipid 
ET-I8-OCH3 demonstrated the intracellular activation of Fas independently of FasL.̂ '̂ ' .This 
antitumor ether lipid mediates apoptosis in cancer cells through Fas activation once the drug is 
inside the cell, and normal cells are spared because they are unable to incorporate significant 
amounts of the drug. Fas-expressing cells that do not take up ET-I8-OCH3 from the culture 
medium are unaffected by the ether lipid when this latter is added exogenously, but they 
undergo rapid apoptosis following microinjection of ET-I8-OCH3 into the target cell.^^ 
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Figure 3. Cocapping of membrane rafts and Fas in human leukemic Jurkat cells treated with the antitumor 
ether lipid ET-18-OCH3. A) Time-course of the effect of ET-18-OCH3 on aggregation of membrane rafts. 
T-leukemic Jurkat cells were either untreated (Control) or treated with 5 jIg/mL ET-18-OCH3 for the times 
indicated. Cells were then stained with fluorescein isothiocyanate-labeled cholera toxin B subunit (FITC-CTx) 
used as a raft marker, and analyzed by confocal microscopy. Bar, 7 |Im. B) Colocalization of membrane rafts 
(Raft) and Fas in ET-18-OCH3-treated Jurkat cells. Cells were either untreated (Control) or treated with 
ET-18-OCH3 for 3 hours, and processed for confocal microscopy using FITC-CTx (green fluorescence for 
lipid rafts) and anti-Fas monoclonal antibody, followed by CY3-conjugated anti-mouse antibody (red 
fluorescence for Fas). Areas of colocalization between membrane rafts and Fas in the overlay panels are 
yellow. Bar, 10 |lm. (From C. Gajate and F Mollinedo. Blood 2001; 98:3860-3863. © American Society 
of Hematology, used with permission, ref 46.) 

FasL-Independent Translocation and Capping of Fas 
into Membrane Rafts 

While investigating the mechanism of action of the antitumor ether lipid ET-I8-OCH3 
we found that this drug induced apoptosis in leukemic cells through translocation and capping 
of Fas into membrane rafiis (Fig. 3), independendy of FasL. This was assessed by both confocal 
microscopy and isolation of membrane rafts through sucrose gradient centrifugation. Raft 
disruption inhibited both ET-18-OCH3-induced Fas capping and apoptosis."^ Thus, these 
data involved for the first time membrane rafts in Fas-mediated apoptosis and cancer chemo­
therapy. Subsequent studies also found that Fas was translocated into lipid rafts following 
activation with FasL, as well as recruitment of FADD and procaspase-8 to the rafts forming 
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the so-called DISC. '̂ ^ However, the translocation and capping of Fas into membrane rafts 
following ET-I8-OCH3 treatment was independent of FasL.^ '̂ In a recent study, resveratrol, 
a polyphenol found mainly in grape skin with antitumor chemopreventive properties, has also 
been found to redistribute Fas in rafts independently of FasL. ^ 

Membrane rafts are membrane microdomains consisting of dynamic assemblies of 
cholesterol and sphingolipids.^^'^ The presence of saturated hydrocarbon chains in sphingolipids 
allows for cholesterol to be tightly intercalated, leading to the presence of distinct liquid-ordered 
phases, membrane rafts, dispersed in the liquid-disordered matrix, and thereby more fluid, 
lipid bilayer. One key property of membrane rafts is that they can include or exclude proteins 
to varying degrees. Membrane rafts may serve as foci for recruitment and concentration of 
signaling molecules at the plasma membrane, and thus they have been implicated in signal 
transduction from cell surface receptors. ̂ ^ 

We hypothesize that accumulation of Fas into aggregates of stabilized membrane lipid 
domains from a highly dispersed distribution may represent a general mode of regulating Fas 
activation. Thus, membrane rafts could serve, in addition to generate high local concentration 
of Fas, as platforms for coupling adaptor and effector proteins required for Fas signaling (Fig. 
2). This is of particular importance in Fas-mediated signal transduction as most of the initial 
signaling events depend largely on protein-protein interactions. Furthermore, this could facili­
tate and amplify signaling processes by local assembly of various cross-interacting signaling 
molecules (Gajate et al, in preparation). 

Interestingly the lipid molecule ceramide has been involved in the clustering of Fas into 
ceramide-rich rafts.^'^^ However, ceramide acts as a mediator of the clustering process not as 
an initiator of the process, amplifying the primary Fas signaling events. Thus, Cig-ceramide 
did not trigger Fas clustering in the absence of a stimulatory anti-Fas antibody or FasL.^^ It is 
suggested^ ' ^ that Fas-FasL complexes enter initially into small membrane rafts and induce a 
weak formation of the DISC leading to caspase 8 activation. This rather weak caspase 8 activa­
tion then would generate ceramide through sphingomyelinase translocation and activation to 
the small lipid rafts. Due to the high amount of sphingomyelin present in rafts (as much as 
70% of all cellular sphingomyelin may be found in rafts ), the generated ceramide could 
induce coalescence of elementary rafts leading to the formation of big patches containing 
Fas-FasL complexes that would further lead to enhanced DISC formation, thereby potentiat­
ing Fas signaling. Thus, sphingomyelinase and ceramide serve to amplify the signaling of Fas at 
the membrane level after the initial Fas-FasL interaction. 

However, the current view supports the notion that Fas/FasL interaction, although can 
enhance cell death, ' is not essential in drug-induced apoptosis, and a growing number of 
agents and experimental conditions can induce Fas activation without the participation of FasL 
(Table 1). As recent evidence indicates that Fas clustering can occur without the participation 
of FasL, it could be suggested that either the different treatments exerting Fas clustering 
promote sphingomyelinase-dependent ceramide generation or induce physical changes in the 
plasma membrane similar to those elicited by ceramide inducing coalescence of rafts leading to 
large raft platforms and subsequent capping. Thus, activation of Fas by FasL or in a 
ligand-independent fashion leads to a visible aggregation of Fas under the microscope as 
compared with untreated cells, supporting that the Fas aggregation observed^^' '̂̂ '̂̂ ^ is in a 
macroscopic level. 

FasL-Independent Activation of Fas by Unrelated Agents 
In the last few years a number of reports have evidenced that Fas can be activated under 

conditions that preclude interaction with FasL. Table 1 lists the agents reported so far to cause 
FasL-independent activation and clustering of Fas. These data suggest a common mechanism 
whereby divergent stimuli can activate membrane-associated events that target the Fas apoptotic 
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Table 1. FasL-independeni 

Inducer 

Camptothecin 
CDDP 
Curcumin 
ET-18-OCH3 
Glutamine deprivation-
mediated cell shrinkage 
HCV core protein 
JNK activation (via 
Resveratrol 
TGF-P1 
TK/GCV 
Ultraviolet light 
Vanadate 
Vinblastine 
VP16 

MKK7) 

activation of Fas by different agents 

Experimental 

FasL-lndependent 
Activation of Fas 

ref. 103 
ref. 41 
ref. 71 
ref. 38, 46 
ref. 104 

ref. 105 
ref. 69 
ref. 49 
ref. 106 
ref. 70 
ref. 65, 67, 107 
ref. 72 
ref. 41 
ref. 41 

Evidence 

Fas Clustering/ 
Capping 

ref. 41 
ref. 71 
ref. 38, 46 
ref. 104 

ref. 105 
ref. 69 
ref. 49 

ref. 70 
ref. 65, 67, 107 
ref. 72 
ref. 41 
ref. 41 

Fas Signaling 

Cocapping of Fas 
and Rafts 

ref. 46 

ref. 49 

Fas clustering or aggregation v^as visualized by immunofluorescence confocal microscopy or assessed 
by immunoprecipitating Fas using limiting antibody concentrations.^^ Co-capping of Fas and rafts was 
visualized by immunofluorescence confocal microscopy."^^ CDDP, cisplatin. HCV, hepatitis C virus. 
TK/GCV, herpes simplex thymidine kinase/ganciclovir. VP16, etoposide. TGF-p1, transforming 
growth factor-pi . 

pathway in a manner that precludes its natural ligand FasL. This FasL-independent activation 
of Fas is blocked by dominant negative-FADD, antisense FADD, caspase-8 inhibitors, or by 
MCI 59 and E8, that inhibit the FADD/caspase-8 pathway, involving FADD and caspase-8 in 
this process. ' ' On these grounds it is clear that this Fas clustering induces apoptosis in a 
FADD-mediated way, thus suggesting that Fas clustering promotes FADD recruitment and 
DISC formation, independently of FasL (Fig. 2). 

Formation of platforms where a large amount of signaling molecules are brought together 
increases DISC formation and therefore potentiates Fas signaling. Because activation of caspase-8 
is induced by proximity,^^ its concentration in lipid rafts will favor caspase-8 activation, 
triggering the downstream apoptotic signaling. It can be envisaged that the intrinsic enzymatic 
activity of caspase-8, upon approximation of additional procaspase-8 molecules mediated by 
the adapter FADD molecules, attains a sufficient concentration to activate the apoptosis pathway. 
Using chimeras of caspase-8 with either CD8 orTac, Martin and coworkers found that 
oligomerization at the cell membrane powerfully induces caspase-8 autoactivation and apoptosis. 
On these grounds, it can be envisaged that these oligomerization processes would be facilitated 
enormously in the large Fas aggregates formed during stimulation, leading to activation of 
caspase-8 and the ensuing generation of downstream apoptotic signals. 

Thus, Fas clustering could be an efficient way to elicit apoptosis through recruitment of 
the DED-containing proteins FADD and caspase-8 into Fas caps (Fig. 2). In addition, it has 
also been demonstrated that FADD and caspase-8 coalesce into what appear to be perinuclear 
"death effector filaments" (DEFs) inducing receptor-independent apoptotic signals and 
apoptosis. ̂ '̂̂  Overexpression of either FADD or caspase-8 induces apoptosis through the 
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formation of unique filament structures that contain the death effector domains of these 
proteins/^' being named accordingly "death effector filaments" (DEFs). Thus, formation of 
death effector filaments leads to intracellular assemblies of apoptosis-signaling complexes that 
can initiate or amplify apoptotic stimuli independendy of receptors at the plasma membrane. 
Cycloheximide has been shown to induce cell death in human leukemic Jurkat and CEM C7 
T-cell lines in a FADD-dependent and receptor-independent manner through DEF formation. 
Also, a number of antitumor drugs, including microtubule-disrupting agents, may induce 
apoptosis via caspase-8 activation independently of the Fas/FasL system. "̂^ 

As stated above the initial events in Fas signaling are largely dependent on the local 
concentration of the three major components of DISC, either Fas, FADD and caspase-8, and 
in fact, oligomerization of each one are able to mount an apoptotic response. Thus, formation 
of Fas caps leads to the recruitment of these molecules in a limited space, increasing the 
probability of interactions among them, and thereby promoting a strong apoptotic response. 

How Are Fas Clusters Formed from Internal Signals? 
As shown in Table 1, FasL-independent activation is mediated by Fas clustering, and 

recent evidence shows cocapping of Fas in membrane rafts. ' How are these Fas clusters 
generated.'' As FasL is not strictly required, signals from inside the cell must regulate this 
process. The formation of Fas clusters as well as the recruitment of Fas into membrane rafts in 
a FasL-independent manner could involve intracellular processes, changes in the physicochemical 
properties of cell membranes or both. 

Vanadate-elicited Fas aggregation and Fas-FADD association, as well as caspase-8 activa­
tion, were dependent on c-Jun NH2-terminal kinase (JNK) activation,'^ as assessed by the use 
of the selective JNK inhibitor D-JNKIl.^^ These results highlight a major role for JNK in the 
signaling mechanisms leading to FasL-independent Fas activation. In fact, selective JNK acti­
vation by overexpressing the mitogen-activated protein kinase kinase 7 (MKK7) induced cell 
death mediated by FADD and Fas activation, independently of FasL. ^ Persistent JNK activa­
tion led to clustering of Fas. Other inducers of FasL-independent Fas capping lead to a rapid 
and persistent activation of JNK, such as the antitumor ether Upid ET-18-OCH3^^ and vana­
date. These data suggest that persistent JNK activation could be at least one of the signaling 
events leading to Fas clustering. In this regard, ceramide, which also favors Fas aggregation, 
induces apoptosis through sustained JNK activation.^^ However, the molecular events between 
JNK activation and Fas clustering remain to be elucidated. Persistent JNK activation is linked 
to cell death induced by different agents and stress conditions,^^'^^'^ and its critical role in 
apoptosis is also supported by the lack of cell death on hippocampal neurons in JNK3-deficient 
and in JNK1/JNK2 double knockout mice.^ '̂̂ ^ In addition JNK-mediated apoptosis could 
involve mitochondria as JNK can translocate into mitochondria promoting phosphorylation 
and inactivation of anti-apoptotic Bcl-2 and BC1-XL.^ '̂̂ ^ Furthermore, UV-induced activation 
of the mitochondrial-mediated death pathway is abrogated in the absence of JNK, further 
supporting mitochondria as the target of JNK. ̂  

Another putative mechanism involved in Fas clustering could involve cytoskeleton, 
a dynamic intracellular structure that due to its continuous assembly/disassembly could be 
perfectly equip to translocate proteins and transmit signals.^^ The interactions between plasma 
membrane and cytoskeleton play an essential role in various cellular functions, and a link 
between raft-mediated signaling and the interaction of actin cytoskeleton with raft membrane 
domains has been suggested. Ezrin, a major protein of the so-called ERM proteins (ezrin, 
radixin, moesin) linking the actin cytoskeleton to the plasma membrane, ' interacts with Fas 
and mediates Fas cell membrane polarization (Fig. 2) during Fas-induced apoptosis in human 
T lymphocytes.^^ In addition, disialogangloside GD3 redistributes in membrane-associated 
domains colocalizing with ezrin in Fas-triggered apoptosis, and GD3 is present in ezrin 
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immunoprecipitates.^^ On the other hand, changes in cytoskeleton and microtubule 
disruption activate JNK,̂ '̂̂ '̂̂ ^^ but whether persistent JNK activation could induce reorgani­
zation of the microtubule cytoskeleton that promotes Fas clustering remains to be determined. 

Concluding Remarks 
Recent evidences indicate that Fas signaling is mediated by the formation of large Fas 

aggregates. Under physiological conditions FasL triggers Fas aggregation in caps. Nevertheless, 
this capping can be also generated by nonphysiological agents without the participation of 
FasL (Table 1), raising the possibility for new therapeutic interventions. This is of interest due 
to the toxic side effects derived from the use of FasL or agonistic anti-Fas antibodies in vivo 
leading to a fatal hepatic damage.^^ '̂̂ ^^ When an agonistic anti-Fas antibody or recombinant 
FasL was injected into mice to activate the Fas system in vivo, the mice were quickly killed by 
liver failure with symptoms similar to fulminant hepatitis.^^^'^^^ Thus, the FasL-independent 
activation of Fas offers some opportunities to find agents that can circumvent the above 
hepatic effects, but preserve Fas activating properties. Such a notion has found experimental 
support in our recent studies on the antitumor ether lipid ET-I8-OCH3. ^ This selective 
antitumor compound is incorporated in significant amounts only in tumor cells, and once 
inside the cell promotes apoptosis through intracellular activation and capping of Fas, 
independently of FasL ' ' (Gajate et al, in preparation). Normal cells are spared because 
they do not take up the ether lipid.̂ '̂̂ '̂̂ ^ 

The increasing number of agents that promote FasL-independent activation of Fas through 
Fas clustering (Table 1) suggests that this process is more general than initially believed. The 
fact that very different experimental conditions and diverse agents, targeting distinct molecules 
and cellular processes, can lead eventually to an apoptotic response mediated by FasL-independent 
activation of Fas suggests that this process can be a general mechanism of cell death. Because 
most cells express Fas at their surface, we can hypothesize that when cells are committed to die, 
they can generate intracellular signals that trigger an efficient suicide mechanism from within 
the cell, via Fas activation, without receiving any order from outside through its ligand. Thus, 
Fas can receive efficiendy orders either from outside, via FasL, or from inside the cell. Elucidation 
of the molecules and signaling pathways involved in this latter FasL-independent intracellular 
activation of Fas, through its capping into membrane rafts, is a major challenge for future 
research and can lead to identify new therapeutic targets. 
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