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Abstract
Members of the viral Flice/caspase-8 inhibitory protein (v-FLIP)
family prevent induction of apoptosis by death receptors
through inhibition of the processing and activation of
procaspase-8 and -10 at the level of the receptor-associated
death-inducing signaling complex (DISC). Here, we have
addressed the molecular function of the v-FLIP member
MC159 of the human molluscum contagiosum virus. MC159
FLIP powerfully inhibited both caspase-dependent and
caspase-independent cell death induced by Fas. The C-
terminal region of MC159 bound TNF receptor-associated
factor (TRAF)3, was necessary for optimal TRAF2 binding,
and mediated the recruitment of both TRAFs into the Fas
DISC. TRAF-binding-deficient mutants of MC159 showed
impaired inhibition of FasL-induced caspase-8 processing
and Fas internalization, and had reduced antiapoptotic
activity. Our findings provide evidence that a MC159/TRAF2/
TRAF3 complex regulates a new aspect of Fas signaling, and
identify MC159 FLIP as a molecule that targets multiple
features of Fas-induced cell death.
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Introduction

Fas (CD95) is a member of the tumor necrosis factor (TNF)
receptor family that can induce cell death by both caspase-

dependent (apoptotic) and caspase-independent mecha-
nisms.1–3 The molecular mechanism of apoptotic Fas signal-
ing has been intensively studied. Fas engagement induces
recruitment, via the adaptor protein FADD, of procaspase-8
and -10 to form a receptor-bound death-inducing signaling
complex (DISC).4 This association probably brings the
recruited procaspase-8 (or -10) molecules into close proximity
at the receptor level, and thereby allows them to become
activated by dimerization.5,6 Following dimerization to the
catalytically active form, the N-terminal death effector
domains (DEDs) are removed by intermolecular processing,7

leading to the release of active caspase-8 (or -10) into the
cytoplasm and subsequently to the direct cleavage and
activation of the effector caspase-3.8 An additional Fas
signaling pathway has been described, which appears to be
predominant in so-called type II cells, that show reduced or
delayed DISC formation.9 In these cells, only small amounts
of caspase-8 are processed, which may be insufficient to
directly activate caspase-3, but sufficient to activate the
proapoptotic Bcl-2 family member, Bid.4,10,11 The truncated
Bid cleavage product, tBid, may act to aggregate the
proapoptotic Bcl-2 family members Bak or Bax, thereby
leading to mitochondrial changes including the loss of inner
membrane potential (DCm) and cytochrome c release into the
cytoplasm.12 Cytoplasmic cytochrome c promotes the activa-
tion of caspase-9 via the assembly of a cytochrome c/Apaf-1/
caspase-9 complex called the apoptosome.13–15 Activated
caspase-9 in turn cleaves and activates caspase-3.

Fas also induces a caspase-independent mechanism of cell
death that has morphological features of necrosis.2,16 Fas-
induced necrosis is insensitive to the pan-caspase inhibitor
z-VAD and depends on the kinase activity of RIP 1,16 a Ser/
Thr kinase originally identified in a two-hybrid screen as a
death domain (DD)-containing protein that binds to the Fas
DD.17 In addition to RIP1, the adaptor protein FADD also plays
an essential role in Fas-induced necrosis, since T-cell lines
deficient in FADD or expressing a dominant negative form of
FADD, containing only the DD, show impaired necrosis.16

Fas-mediated cell death plays a critical role in the
elimination of activated lymphocytes and also participates in
the removal of tumor cells or virally infected cells by FasL-
expressing cytotoxic T lymphocytes (CTLs).3,18,19 Viruses
have evolved a number of molecular strategies designed to
inhibit host defenses that are based on promoting the death
of virally infected cells.18,20,21 Viral homologues of the Flice/
caspase-8-inhibitory proteins (FLIPs) interfere with the
recruitment, processing and release of caspase-8 and -10
induced by Fas and other death receptors, and thereby inhibit
one of the earliest steps of death receptor signaling.22

Molluscum contagiosum virus (MCV) is a human poxvirus
that replicates in keratinocytes in the skin, where it causes
small, benign lesions that generally lack signs of inflammation.
In immunosuppressed patients, the MCV lesions are often
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verrucous and bigger in size.18,23 MCV encodes two FLIP
homologues, called MC159 and MC160, which differ from
herpesviral FLIP proteins by their unique C-terminal exten-
sions of 66 and 202 amino acids, respectively.24–26 The
molecular functions of the two MCV FLIPs, and especially of
their unusually long C-terminal extensions, are only partly
understood.

Both proteins bind to FADD and caspase-8 via their
N-terminal DEDs, but only MC159 efficiently inhibits death
receptor-induced apoptosis.24–27 Interestingly, the antiapop-
totic function of MC159 FLIP appears to be partially
independent of its intact DEDs and thus of its capacity to
bind FADD and caspase-8.28 Since MCV cannot be grown in
culture, it is difficult to study the properties of individual viral
proteins in their natural context.29 We therefore decided to use
Jurkat cells as a model system to investigate the molecular
function of MC159 in the Fas pathway. These cells respond
very efficiently to FasL and were used by others to study
the antiapoptotic function of MC159.28,30 Using this model
system, we find that MC159 FLIP inhibits both caspase-
dependent and caspase-independent cell death induced
by Fas. Moreover, we show that MC159 FLIP inhibits Fas-
induced apoptosis by blocking both caspase-8 processing
and Fas endocytosis, and that an intact TNF receptor-
associated factor (TRAF)3-binding site in the unique
C-terminus of MC159 FLIP is required for the full antiapoptotic
capacity of MC159 FLIP.

Results

MC159 FLIP fully protects Jurkat cells from
apoptotic and necrotic cell death

To analyze the molecular function of the MC159 FLIP, we
initially generated stable MC159-expressing Jurkat clones
and tested these for their sensitivity to Fas-induced cell death,
which has been previously shown to depend on both caspase-
dependent (apoptotic) and caspase-independent, RIP1-de-
pendent (necrotic) mechanisms.16,31 Fas-mediated cell death
was induced using a cytotoxic recombinant FasL construct
containing two trimerized FasL molecules, Fc-FasL, which is
competent to induce the formation of a DISC.32 In four
independent clones analyzed, MC159 FLIP provided full
protection against FasL-induced cell death (Figure 1), while
pretreatment of mock-transfected or parental cells with
saturating concentrations of the pan-caspase inhibitor z-VAD
provided only partial protection (Figure 1 and data not shown),
as previously reported.16 Therefore, MC159 FLIP fully
protects against both caspase-dependent and caspase-
independent cell death induced by Fas.

The C-terminus of MC159 FLIP binds TRAF3 via
two PVQES TRAF-binding motifs

Since MC159 FLIP differs from the cellular FLIPs and from
herpesviral FLIP family members by its unique C-terminal
extension, we reasoned that this part of the molecule could
have interesting features relevant to the powerful death-
protective properties of MC159 FLIP. Sequence analysis of
the C-terminal region of MC159 FLIP revealed the presence of

three consensus PxQxS/T TRAF-binding motifs33 within the
last 28 amino acids (Figure 2a). To test whether these
consensus motifs are relevant to TRAF binding, MC159 FLIP
was coexpressed with different human TRAF expression
constructs in 293T cells, and FLAG-TRAF immunoprecipi-
tates were analyzed for the presence of VSV-tagged MC159
FLIP (Figure 2b). TRAF1, -2 and -3 specifically bound to
MC159 FLIP, while no binding to TRAF4, -5 and -6 could be
detected under these conditions. To address the relevance of
the TRAF consensus-binding motif for the observed interac-
tions, we generated MC159 expression constructs that were
either doubly mutated in the first two identical TRAF-binding
motifs (MC159 DM) or C-terminally deleted to remove all three
potential binding sites (MC159 D) (Figure 2a). Co-immuno-
precipitation experiments using these MC159 FLIP mutants
revealed that the first two TRAF-binding motifs were
specifically required for TRAF3 binding, while binding of
TRAF1 and TRAF2 did not appear to be affected by the
mutation or deletion of these TRAF-binding sites under
conditions of overexpression (Figure 2c). Constructs with
only a single mutated PVQES motif still bound TRAF3
efficiently (data not shown). These data suggest that MC159
FLIP specifically recruits TRAF3 via the two redundant C-
terminal PVQES TRAF-binding sites. In contrast, mutation of
the first two or deletion of all three C-terminal TRAF-binding
sites did not affect the binding of MC159 FLIP to FADD and
caspase-8, interactions that depend on the two DEDs24–26,30

(Figure 2d and e).

MC159 FLIP mediates recruitment of TRAF2 and
TRAF3 into the Fas DISC

To test whether MC159 FLIP bound endogenous TRAFs in
the context of Fas signaling, we generated stable Jurkat cell
lines expressing the wild-type, the deleted and the doubly
mutated form of MC159 FLIP and analyzed the cells for
MC159 FLIP-associated proteins upon treatment with Fc-
FasL (Figure 3a). MC159 FLIP associated with FADD in a
ligand-dependent manner, consistent with its described
recruitment to the Fas cytoplasmic domain via FADD.26
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Figure 1 MC159 FLIP completely prevents Fas-induced apoptosis and
necrosis. Jurkat clones stably transfected with the indicated FLIP constructs were
treated overnight with Fc-FasL and cell viability was assessed using the PMS/
MTS assay. The Western blot shows the expression levels of VSV-tagged
MC159 FLIP in the various clones. Black lines indicate where lanes have been
removed. Similar data were obtained in two independent experiments
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TRAF2 and TRAF3, on the other hand, bound to wt MC159
FLIP independently of Fas triggering. TRAF1 is very poorly
expressed in Jurkat cells, and no binding of endogenous
TRAF1 to MC159 FLIP could be detected (data not shown).
The double mutant (DM) and the C-terminally deleted form of
MC159 FLIP (D) failed to bind to TRAF3, as was previously
observed under conditions of overexpression in 293T cells
(Figure 2c). TRAF2 still bound to both mutants, although at
reduced levels, possibly because TRAF3 contributed to
optimal recruitment and/or stabilization of endogenous
TRAF2 in the complex. Next, we analyzed whether the
different MC159 FLIP constructs allowed the recruitment of
TRAF2 and -3 into the Fas DISC in these clones (Figure 3b).
In the presence of the wt form of MC159 FLIP, TRAF2 and
TRAF3 were recruited to the Fas DISC in a FasL-dependent
manner. TRAF3 recruitment was detectable only in the
presence of intact MC159 FLIP. TRAF2 recruitment, on the
other hand, was detectable in presence of intact MC159 FLIP
or its double mutant, but only weakly in the clone expressing
the deletion mutant and very poorly in the mock control. In
contrast, the recruitment of FADD was not affected by the
presence of the different MC159 FLIP mutants. Caspase-8
recruitment was detectable in the DISC of each cell line 5 min
after FasL stimulation, even though the amount of caspase-8
recruitment was significantly higher in the mock-transfected
cells than in the clones expressing the different MC159 FLIP
constructs. Moreover, in striking contrast to the mock-
transfected clone, no caspase-8 processing occurred in the
DISC of clones expressing different forms of MC159 FLIP
during the 45 min of stimulation. Together, these data suggest
that the C-terminal part of MC159 FLIP is required for
constitutive binding of TRAF3 and, to a lesser extent, of
TRAF2, and for the corresponding inducible recruitment of
these TRAF proteins into the Fas DISC.

MC159 FLIP inhibits Fas-induced apoptosis by
TRAF-dependent and -independent mechanisms

Next, we tested whether the different MC159 FLIP mutants
were comparable in their ability to inhibit Fas-induced cell
death. Expression of MC159 FLIP wt completely protected
Jurkat cells against Fas-induced cell death, while the TRAF-
binding-deficient deletion and double mutants showed only
partial protection against Fas-induced cell death. However,
complete protection could be restored by addition of the pan-
caspase inhibitor z-VAD (Figure 4a). Together with the results
described above, these data suggest that the recruitment of
TRAF3, and potentially of TRAF2, by MC159 FLIP contributes
to the antiapoptotic, but not the antinecrotic properties of
MC159 FLIP, most likely by TRAF-dependent inhibition of a
z-VAD-sensitive caspase. Similar results were obtained for
at least two independent clones of each construct (data not
shown), demonstrating that the reduced cell death protection
by the mutant constructs was not a clonal artefact, nor due
to possible differences in the MC159 FLIP expression levels
of the various clones. The specificity of the observation was
further underlined by the fact that the different clones were
equally susceptible to cell death induction by staurosporine
(Figure 4b), a broad range kinase inhibitor that induces
apoptosis by mechanisms that are independent of death
receptor activation.34

FasL-induced activation of caspase-8 and cleavage of the
proapoptotic Bcl-2 family member Bid induces the release of
proapoptotic factors from the mitochondrial intermembrane
space into the cytosol, which correlates with a loss of the
electrochemical potential across the mitochondrial inner
membrane (DCm). To test the effect of the different forms of
MC159 FLIP on FasL- or staurosporine-inducedDCm loss, we
analyzed the Jurkat clones for mitochondrial depolarization
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Figure 2 MC159 FLIP binds TRAF3 via two C-terminal PVQES motifs, (a) Schematic diagram of the MC159 FLIP constructs used in this study: the wild-type form of
MC159 FLIP (wt), the double mutant (DM) that is mutated in the two identical PVQES motifs, and the deletion mutant (D) in which the C-terminus containing all three
potential PXQXS/T consensus sites were removed by PvuII restriction. Numbers indicate amino-acid positions. (b) 293T cells were cotransfected with VSV-tagged
MC159 FLIP and the indicated FLAG-tagged TRAF constructs and the binding of FLIP to individual TRAFs was assessed by co-immunoprecipitation. (c) 293T cells were
cotransfected with the indicated VSV-tagged MC159 FLIP constructs and FLAG-tagged TRAF1, TRAF2 and TRAF3 constructs and protein–protein interactions were
assessed by co-immunoprecipitation. (d, e) 293T cells were cotransfected with the indicated VSV-tagged MC159 FLIP constructs and expression vectors for FADD (d) or
for the DED-containing N-terminus of caspase-8 (NT) (e), and the binding of the FLIP mutants to these protein constructs was assessed by co-immunoprecipitation

Inhibition of Fas-induced cell death by MC159 FLIP
M Thurau et al

1579

Cell Death and Differentiation



using TMRM, a potentiometric dye that shows increased
mitochondrial uptake and fluorescence intensity in proportion
to increased DCm.35 A marked difference between the clones
was seen when the cells were treated overnight with Fc-FasL,
which induced a loss of DCm in 89% of the mock-transfected
clone, while the MC159 FLIP wt-transfected clone was
almost completely protected and lost DCm in only a very low
percentage of the cells (Figure 4c). Interestingly, Jurkat
clones expressing the TRAF3-binding-deficient MC159 FLIP
double mutant (DM) or the MC159 FLIP deletion mutant (D)
showed an average loss of DCm in 39 and 51% of cells,
respectively, suggesting that the TRAF-binding deficient
MC159 FLIP mutants provided less-efficient protection than
the wild-type form. The impaired protective effect of the
TRAF-binding-mutant forms of FLIP became evident only
after prolonged (16 h) treatment of the cells with Fc-FasL,
while at a shorter (4 h) time point the wt and mutant FLIP forms
provided similar and almost complete protection (data not

shown). In response to a 4 h staurosporine treatment, on the
other hand, a large percentage (40–60%) of all tested cells
showed a loss in the mitochondrial membrane potential
(Figure 4c), again indicating that all clones had intact
intracellular cell death pathways and that the differences
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observed following Fc-FasL treatment are most likely due to
receptor-proximal events. The protective effect of the MC159
FLIP–TRAF interaction appeared to depend on the activity
of (a) caspase(s), since addition of the pan-caspase inhibitor
z-VAD was able to completely protect the cells from Fc-
FasL-induced loss in DCm in all clones (data not shown).
Collectively, these data suggest that TRAF3- (and possibly
TRAF2 co-) recruitment by MC159 FLIP efficiently delays
apoptosis by slowing down a critical event of the Fas-signaling
pathway at a caspase-dependent step upstream of
mitochondria.

The intact TRAF3-binding site of MC159 FLIP is
necessary to fully inhibit Fas internalization

An event that occurs downstream of Fas DISC formation and
that depends on caspase activity is the internalization of the
engaged receptor.36 Therefore, we tested whether the
TRAF3-binding site of MC159 FLIP was relevant for Fas
receptor internalization. In mock-transfected Jurkat cells,
about 25% of the receptor internalized within 60 min upon
stimulation with Fc-FasL, while hardly any receptor inter-
nalization could be detected over this time period in cells
expressing wt or the TRAF-binding-deficient mutants of
MC159 FLIP (Figure 5a). Upon prolonged treatment (up to
16 h) with Fc-FasL, on the other hand, a significant percen-
tage of the FLIP double mutant or deletion mutant clones had
internalized the receptor (30 and 28%, respectively), while
minimal Fas internalization (4%) could be detected in the
presence of the wt form of MC159 FLIP (Figure 5b). The
percentage of cells that had internalized the receptor
correlated well with the percentage of annexin V-positive,
apoptotic cells in the same experiments, suggesting that the
TRAF3-binding-dependent capacity of MC159 FLIP to inhibit
receptor internalization accounted for its antiapoptotic effect
(Figure 5c). Together, these data suggest that the intact
TRAF3-binding site of MC159 FLIP is required to fully prevent
ligand-induced Fas internalization and apoptosis.

TRAF3 binding to MC159 FLIP is necessary to
completely block Fas-induced activation of
caspases

Finally, to check whether biochemical differences between the
clones could be detected under the conditions of prolonged
FasL stimulation used above (Figures 4 and 5), we analyzed
cell extracts of Fc-FasL-treated Jurkat clones for the proces-
sing of caspase family members in a time course experiment
(Figure 6). The wild-type form of MC159 FLIP completely
inhibited Fas-induced processing of procaspase-8 and -10
during at least 22 h of stimulation, while the two TRAF-binding
mutants allowed the formation, after 8 h of stimulation, of
previously described caspase-8 p43/p45 and caspase-10
p43/47 cleavage fragments that result from proteolytic
removal of the C-terminal small catalytic subunit.37,38 Differ-
ences between the inhibitory capacity of the wt and mutant
forms of MC159 were even more striking in the case of the
executioner caspases, caspase-3 and -9, probably because
of signal amplification downstream of caspase-8. Upon a 1 h

treatment with Fc-FasL, caspase-3 and -9 were completely
processed in the mock-transfected Jurkat cells, while Fc-FasL
treatment for up to 22 h did not induce significant caspase-3
and -9 processing in the Jurkat cells expressing wt MC159. In
the clones expressing the MC159 mutants, the total amounts
of procaspase-3 in the cell extracts progressively diminished.
The clones also showed a small reduction in the total amounts
of procaspase-9 that correlated with the generation of a
fragment corresponding to active caspase-9 (p37) that
became detectable after 8 h of stimulation. Together, these
data support the idea that the intact TRAF2/3-binding site of
MC159 FLIP is crucial to fully prevent FasL-induced activation
of initiator and effector caspases during sustained Fas
triggering.

Discussion

MCV is a virus that efficiently evades the immune system of
the infected host, because it encodes proteins that either
directly increase the resistance of the host cell to apoptosis or
target other aspects of the host immune response.18,23 This
allows the virus to persist for months in the skin of infected

Figure 5 The intact TRAF3-binding site of MC159 FLIP is required for efficient
inhibition of receptor internalization. Jurkat clones stably transfected with the
different MC159 FLIP constructs or mock vector were treated with Fc-FasL and
the percentage of cells that had lost surface Fas over (a) 60 min or (b) 16 h or that
had become annexin V positive over 16 h (c) was assessed by flow cytometry.
Data shown are representative of several determinations and values were
calculated as mean values7standard deviations of three independent
experiments

Inhibition of Fas-induced cell death by MC159 FLIP
M Thurau et al

1581

Cell Death and Differentiation



individuals without signs of inflammation, and to efficiently
escape elimination by CTLs. Our study suggests that MC159
FLIP contributes to the particularly efficient protection of the
virus-infected host cell by multiple mechanisms, including the
extended inhibition of both caspase-dependent and caspase-
independent Fas-induced cell death. In particular, we show
that the MC159 FLIP C-terminal region contains TRAF
consensus binding sites that are critical for binding to TRAF3
and contribute to optimal binding of TRAF2. These binding
sites are necessary for optimal recruitment of both TRAF
family members to the DISC, and for full apoptosis protection
under conditions of prolonged FasL stimulation, but do not
affect the MC159-mediated protection against Fas-induced
necrosis, since addition of z-VAD restored full cell death
protection of the TRAF-binding-deficient MC159 FLIP
mutants.

Mutation or deletion of the two MC159 TRAF-binding
consensus sites fully impaired binding of TRAF3, but had
only a partial effect on TRAF2 binding, suggesting that MC159
contains yet another TRAF2-binding motif. Interestingly, a
recent study showed that TRAF2 binds to the first DED of
MC159 under conditions of overexpression.39 It is thus
possible that optimal TRAF2 binding requires both its
interaction with the first DED of MC159 and an interaction
with MC159-bound TRAF3, which has been previously shown
to form heterotrimers with TRAF2.40

The molecular function of TRAF2 and TRAF3 in the context
of MC159-mediated apoptosis protection is presently ill
defined. TRAF family members act as adaptor or scaffolding
proteins that transmit signals emanating from TNFR family
members either by activation of the NF-kB, JNK and p38
transcriptional pathways or by transcription-independent
pathways.33,41 Activation of NF-kB can protect against
apoptosis by inducing the expression of various antiapoptotic
genes,42 and we thus considered the possibility that this
contributed to the TRAF-dependent antiapoptotic properties
of MC159. However, the antiapoptotic effect of MC159
observed in this study is unlikely to depend on TRAF-induced
protective NF-kB activation for several reasons. First,

pretreatment of the cells with a low nontoxic concentration
of CHX (0.5 mg/ml), reported by others to sensitize Hela and
EL4 cells,43 did not sensitize the MC159-expressing cells to
Fas-induced apoptosis, while at the same concentration it
sensitized the mock-transfected Jurkat cells (data not shown).
Moreover, no significant NF-kB induction was observed upon
transient transfection of MC159 FLIP constructs into Jurkat
cells, nor upon FasL treatment of Jurkat clones stably
expressing the wt or mutated MC159 constructs used in
this study (data not shown). Finally, transient transfection of
MC159 FLIP constructs into 293T cells induced only minimal
NF-kB activation in reporter assays, in contrast to expression
of the short and long isoforms of cellular FLIP or of the RIP-
family kinase RIP4, which induced significant NF-kB activa-
tion (Supplementary Figure 1).

These findings are consistent with previous reports showing
that MC159 acts rather as an inhibitor of NF-kB activation
induced by TNFa treatment39 or mediated by transient
expression of PKR and caspase-8 and its homologues.44,45

By potently inhibiting the death of the infected cell while
preventing NF-kB-dependent proinflammatory responses,
MC159 may thus assure the prolonged virus survival in the
host cell that is characteristic of MCV.

We also considered the possibility that the TRAFs
have a proapoptotic role themselves, in the context of
Fas signaling, which is inhibited by MC159 FLIP through
their sequestration. TRAFs are characterized by the presence
of an N-terminal RING finger, a domain that is typically
found in proteins with ubiquitin ligase activity.46 For TRAF3,
a direct proapoptotic role downstream of the LTb receptor
has been proposed based on cellular studies using a DN
TRAF3 construct lacking the RING finger,47–49 but the
molecular mechanism underlying this proapoptotic
function of TRAF3 remains unknown. We have attempted
to interfere with the TRAF3-dependent antiapoptotic
function of MC159 FLIP through the use of DN-TRAF3
constructs affecting the ubiquitin ligase activity of the RING
finger,50 but did not observe any significant changes in Fas-
induced apoptosis in the different clones (data not shown),
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Figure 6 The intact TRAF3-binding site of MC159 FLIP is required for complete and extended inhibition of caspase-8 processing. Jurkat clones stably transfected with
the different MC159 FLIP constructs were treated for the indicated times with Fc-FasL and thereafter processing of caspase-8, -10, -9 and -3 was assessed by Western
blotting of cell extracts using the indicated primary antibodies. Panels represent images that were acquired simultaneously, but samples of the wt and DM clone were run
on one gel, while samples from the D and mock clone were loaded on a second gel. All samples were electrophoresed, transferred, revealed and exposed in parallel
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suggesting that the antiapoptotic capacity of the TRAF3-
binding MC159 FLIP does not depend on TRAF3 ubiquitin
ligase activity.

Receptor activation by agonistic antibody or recombinant
oligomeric FasL has been shown to trigger Fas internalization
by mechanisms that depend on caspase-8 activity.36 The
wild-type form of MC159, but not its TRAF3-binding-deficient
mutants, efficiently inhibited both receptor endocytosis and
caspase-8 processing upon elongated Fas stimulation. It
remains, however, to be determined whether the MC159
FLIP/TRAF2/3 complex inhibits Fas endocytosis as a
consequence of inhibiting caspase-8 activation, or whether
the receptor-bound MC159 FLIP/TRAF2/3 complex interferes
with caspase-8 processing by directly inhibiting receptor
endocytosis, for example, by interaction with DISC-asso-
ciated proteins that may target the receptor for endocytosis.51

Binding of TRAF2 and -3 to CD40 has indeed been shown
to be required for ligand-induced downmodulation of
this receptor, possibly by TRAF2-dependent recruitment
to lipid rafts and subsequent TRAF3-dependent receptor
internalization.52

Binding to TRAF2 and TRAF3 has been reported not only
for MC159 but also for the long form of cellular FLIP, c-FLIPL,
under conditions of overexpression,53,54 and increased
recruitment of TRAF2 to the Fas DISC was observed in
Jurkat and Raji cells upon stable transfection with cFLIPL.53

While this suggests that both MC159 and cFLIPL interfere with
the function of TRAF2, it is unclear whether c-FLIPL also
recruits endogenous TRAF3 to the DISC and if so, whether
this has a similar or rather an opposing impact on TRAF2 and
TRAF3 function. In our hands, MC159 FLIP inhibits Fas-
induced cell death in Jurkat cells much more powerfully than
cFLIPL.26 This may be related to TRAF-independent mechan-
isms, such as the fact that cFLIPL does not inhibit the
processing of caspase-8 at the DISC55–57 but rather seems to
favor the partial cleavage and activation of caspase-8 and
subsequent cleavage of local substrates in the proximity of the
DISC56 and/or induction of apoptosis,55 depending on the
concentration of c-FLIPL and on the experimental system.

Future studies should provide a better understanding of the
specific roles of the different TRAF family members and yield
valuable insight into the particular function of TRAF2 and
TRAF3 in the context of cell survival mediated by MC159.

Materials and Methods

Expression vectors

The expression vector for wt MC159 FLIP with an N-terminal vesicular
stomatitis virus (VSV)-tag has been described previously.26 A deletion
construct of MC159 FLIP (MC159 FLIP D) lacking the 31 C-terminal amino
acids and the double mutant (MC159 FLIP DM) with alterations in two
consensus TRAF-binding sites (PVQ216ESXPVGAS and PVQ230ESXP-
VAGS) were obtained by PCR-based mutagenesis using cloned full-
length, wild-type MC159 FLIP cDNA together with standard PCR
conditions and Pwo polymerase (Roche). Amplified products were verified
by sequencing in both directions and subcloned into expression vectors
derived from pCR-3 (Invitrogen) to yield expression constructs with an
N-terminal VSV-tag. The expression vectors for FLAG-tagged TRAFs

have been described.58 The cloning vector SRa-puro was a gift of R
Sékaly (Montreal, Canada).

Cell lines and culture conditions

293T cells were grown in Dulbecco’s modified Eagle’s medium and Jurkat
cells were grown in RPMI 1640 medium, both supplemented with 10%
heat-inactivated FCS and penicillin/streptomycin (100 mg/ml of each).

Transient 293T cell transfection,
immunoprecipitation and Western blot analysis

Transient transfection of 293T cells, cell lysis and co-immunoprecipitation
of tagged proteins were performed essentially as described before.26,58

Antibodies used for Western blotting include monoclonal anti-FLAG M2
and anti-VSV P5D4, rabbit anti-FLAG and anti-VSV antibodies (Sigma),
monoclonal anti-FADD (BD Biosciences), rabbit anti-TRAF2 and anti-
TRAF3 (C-20 and H-122, Santa Cruz), monoclonal anti-caspase-3 (clone
19, Transduction Labs), rabbit anti-caspase-9 (ProSci), rabbit anti-active
caspase-9 (Cell Signaling), monoclonal anti-caspase-10 (4C1, MBL) and
monoclonal anti-caspase-8 (5F7, MBL). Primary antibodies were revealed
using horseradish peroxidase-coupled goat anti-mouse or goat anti-rabbit
secondary antibodies (Jackson Immunoresearch) or isotype-specific goat
anti-mouse antibodies (Southern Biotechnology).

Stable transfection of Jurkat cells

For generation of stable Jurkat clones expressing wt or mutant forms of
MC159 FLIP, N-terminally VSV-tagged MC159 FLIP constructs were
subloned into SRa-puro, an expression vector with SRa promoter and
puromycin selection. 3–5� 106 exponentially grown Jurkat cells were
transfected with 4 mg of SRa-puro MC159 FLIP vector or empty vector by
electroporation using the Amaxa Nucleofector system (solution V, program
O-17) and stable clones were selected in RPMI complete medium with
5 mg/ml of puromycin (Sigma).

Cell viability assay

Jurkat cells (seeded at 50 000 cells/100 ml in 96-well plates) were treated
with the indicated concentrations of staurosporine or Fc-FasL32 (a kind gift
of Pascal Schneider) overnight, and cell viability was subsequently
assessed using the Celltiter 96 AQ (PMS/MTS) proliferation assay
(Promega).

Fas DISC analysis and MC159 FLIP
co-immunoprecipitation assays

Jurkat clones (5� 107/ml) were stimulated with or without 1 mg/ml of Fc-
FasL for the indicated times, washed once with ice-cold PBS and lysed in
1 ml of lysis buffer containing 20 mM Tris pH 7.4, 150 mM NaCl, 10%
glycerol, 0.2% NP40 and protease inhibitors (complete, Roche) on ice for
15 min. Subsequently, samples were subjected to centrifugation at
15 000� g at 41C for 10 min, and 0.25 mg Fc-FasL was added into the
lysate of nontreated samples. A small aliquot of postnuclear lysates was
used directly for protein analysis by Western blot, while the remaining
lysate was precleared with Sepharose 6B beads for 1 h at 41C with
constant agitation. Subsequently, Fc-FasL and associated proteins were
recovered by addition of protein G Sepharose (Amersham Biosciences)
and incubation for at least 4 h at 41C with constant agitation. Finally, beads
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were washed three times with lysis buffer before boiling in reducing
DTT-containing sample buffer and analysis by SDS-PAGE and
Western blot.

Measurement of DWm in Jurkat cells

Jurkat clones (approximately 5� 105 cells) were treated with 2 mM
staurosporine for 4 h or 1 mg/ml of Fc-FasL for 16 h, and then tetramethyl
rhodamine methyl ester (TMRM, Molecular Probes) was added to the cells
at a concentration of 0.1mM during the final 15 min of incubation. TMRM
is a mitochondrion-specific potentiometric dye that shows increased
mitochondrial uptake and fluorescence intensity in proportion to increased
DCm.35 Fluorescence was analyzed by flow cytometry. For each sample,
a total of 25 000 cells were analyzed with fluorescence signals at
logarithmic scale. The reduction in the percentage of TMRM-positive cells
in treated versus control cells was calculated for the ungated cell
population. The results of two independent experiments performed in
triplicate (7S.D.) are shown.

Measurement of Fas endocytosis and annexin V
staining

Jurkat cells (approximately 5� 105 cells) were incubated with 1 mg/ml of
Fc-FasL for 15 min at 41C. Fas endocytosis was initiated by shifting the
cells to 371C and aliquots were removed, placed on ice at the indicated
times and treated with PBS containing 0.1% azide. Subsequently, cell
surface Fas was quantified by staining with FITC-labeled anti-Fas (APO-1-
1, Apotech Corp.) and flow cytometry. The percentage of cells with
internalized Fas was calculated by subtracting the percentage of cells that
were positive for cell surface Fas at various times post treatment from the
percentage of positive cells in samples harvested at time zero.

In order to monitor apoptosis, cells (5� 105 per sample) were washed
twice in Annexin V-binding buffer (10 mM HEPES/NaOH pH 7.4, 140 mM
NaCl, 2.5 mM CaCl2) at 41C. They were then resuspended in 100 ml
binding buffer containing Annexin V-FITC (Alexis) diluted 1 : 20. Samples
were incubated at room temperature for 15 min, washed twice in binding
buffer and fluorescent staining was determined by flow cytometry.
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