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Caspase 8 is required not only for death receptor-mediated apoptosis but also for lymphocyte activation in
the immune system. FLIP(L), the long-splice form of c-FLIP, is one of the specific substrates for caspase 8, and
increased expression of FLIP(L) promotes activation of the NF-�B signaling pathway. The synthetic caspase
inhibitor benzyloxycarbonyl-Val-Ala-Asp(OMe)-fluoromethylketone (zVAD-fmk) markedly blocked NF-�B ac-
tivation induced by overexpression of FLIP(L). FLIP(L) is specifically processed by caspase 8 into N-terminal
FLIP(p43) and C-terminal FLIP(p12). Only FLIP(p43) was able to induce NF-�B activation as efficiently as
FLIP(L), and FLIP(p43)-induced NF-�B activation became insensitive to zVAD-fmk. In caspase 8-deficient
cells, FLIP(p43) provoked NF-�B activation only when procaspase 8 or caspase 8(p43) was complemented.
FLIP(p43)-induced NF-�B activation was profoundly blocked by the dominant-negative TRAF2. Moreover,
endogenous TRAF2 interacted specifically with FLIP(p43), and the formation of the FLIP(p43)-caspase
8-TRAF2 tertiary complex was a prerequisite to induction of NF-�B activation. zVAD-fmk prevented the
recruitment of TRAF2 into the death-inducing signaling complex. Thus, our present results demonstrate that
FLIP(p43) processed by caspase 8 specifically interacts with TRAF2 and subsequently induces activation of the
NF-�B signaling pathway.

Death receptors belong to the tumor necrosis factor (TNF)
receptor superfamily and play an essential role in the regula-
tion of lymphocyte homeostasis (4, 23, 30, 33). In addition to
the extracellular cysteine-rich domains, death receptors are
characterized by the intracellular sequence known as the death
domain (DD), which is critical for apoptosis signaling (30, 33).
Upon engagement with corresponding ligands, death receptors
are oligomerized to recruit the adapter proteins FADD or
TRADD via the homotypic DD interaction. To transmit apo-
ptosis signals, the death effector domain (DED) of FADD
recruits procaspase 8, which contains two DED and a caspase
domain consisting of the large subunit (p20) and the small
subunit (p10). Dimerization of procaspase 8 facilitates its self-
processing and subsequent generation of active heterotetram-
ers (p20/p10)2 (3, 10). The active caspase 8 initiates apoptosis
by the cleavage of downstream substrates such as procaspase 3
(8, 36).

c-FLIP is an important modulator that renders many types
of cells resistant to death receptor-mediated apoptosis (24, 43,
45). At least two splice variants are expressed in a variety of
cells. The full-length form (55 kDa), FLIP(L), contains two
DED and a catalytically inactive caspase-like domain and
shows overall homology to procaspase 8, while the shorter
form (26 kDa), FLIP(S), has tandem DED followed by a C-
terminal short additional sequence. Both FLIP(L) and

FLIP(S) are recruited into the death-inducing signaling com-
plex (DISC) and block death receptor-mediated apoptosis (25,
38). FLIP(S) totally prevents self-processing of procaspase 8 in
the DISC, whereas FLIP(L) allows the first cleavage of pro-
caspase 8 (25). FLIP(L) itself is cleaved at Asp-376 by caspase
8 in the DISC to generate N-terminal FLIP(p43) and C-ter-
minal FLIP(p12) (25, 32, 38, 40). Under physiological condi-
tions, FLIP(L) appears to act as an activator of procaspase 8 in
the DISC by facilitating self-processing of procaspase 8 (5, 32).
However, this processing does not result in inducing apoptosis
but leads to the formation of the membrane-restricted active
heterodimers probably able to cleave limited substrates (32).
Thus, FLIP(L) and FLIP(S) exert different inhibitory activities
at least in blocking procaspase 8 activation.

Caspase 8 is required not only for death receptor-mediated
apoptosis but also for T-cell proliferation. In mice deficient for
FADD or overexpressing dominant-negative (DN) FADD in
the T-cell lineage, in addition to the defect in apoptosis induc-
tion, peripheral T cells and thymocytes do not proliferate upon
mitogenic stimulation (34, 47, 49, 50). It has recently been
reported that the serine phosphorylation site of FADD at the
C-terminal region is responsible for proliferative activity but
not for cell death-inducing activity (15). These results clearly
demonstrate that the death receptor signaling pathway using
FADD is essential for T-cell proliferation. In agreement with
these studies, we and others have shown that Fas ligand (FasL)
or anti-Fas antibodies can costimulate human T cells (2, 21)
and that synthetic peptide-based caspase inhibitors block pro-
liferation and interleukin-2 (IL-2) production of human T cells
(1, 21). These observations indicate that death receptor-medi-
ated caspase activation is required for T-cell proliferation.
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Recently, the essential role of caspase 8 in T-cell proliferation
has been clearly demonstrated by two independent studies (7,
37). Human individual homozygous caspase 8 mutations man-
ifest not only defective lymphocyte apoptosis, but also defects
in the activation of T cells, B cells, and NK cells, which leads to
immunodeficiency (7). On the other hand, mice lacking
caspase 8 in the T-cell lineage show impaired T-cell responses
upon antigen stimulation and a marked decrease in the num-
ber of peripheral T cells despite the normal development of
thymocytes (37). Thus, in contrast to mutations in the Fas/FasL
system that lead to autoimmune disorders (33), caspase 8 mu-
tations oppositely lead to immunodeficiency.

Recently, we have shown that mice expressing increased
amounts of FLIP(L) in the T-cell compartment exhibit aug-
mented proliferative responses of mature T cells with subop-
timal doses of antigen stimulation but neither the accumula-
tion of abnormal T cells nor the protection toward activation-
induced cell death (27). Thus, these data suggest that FLIP(L)
mainly modulates T-cell proliferation by decreasing the T-cell
receptor (TCR) signaling threshold but not T-cell apoptosis in
vivo. Consistent with these observations, FLIP(L) promotes
activation of the mitogen-activated protein kinase ERK and
the transcription factor NF-�B upon antigen stimulation in T
cells in parallel with the enhanced production of IL-2 (19).
Thus, FLIP(L) appears to divert death receptor-mediated apo-
ptotic signals into proliferative signals by its capacity to pro-
mote the ERK and NF-�B signaling pathways.

The NF-�B signaling pathway is regulated by the cytosolic-
nuclear shuttling and modulation of the transcriptional activity
(12). The adapter protein TRAF2 and the kinase RIP play
essential roles in NF-�B activation via TNF-R1 (20, 26, 41, 48).
TRAF2 recruits the I�B kinase (IKK) complex to TNF-R1,
whereas RIP is required for activation of the IKK complex (9).
The IKK complex phosphorylates I�B that forms and seques-
ters the NF-�B dimers in the cytosol. Immediately after phos-
phorylation, I�B undergoes ubiquitination and subsequent
degradation by the 26S proteasome, which allows the translo-
cation of the NF-�B dimers to the nucleus, where it activates a
variety of target genes. Yeast two-hybrid screening and coim-
munoprecipitation studies in mammalian cells have revealed
that FLIP(L) interacts with TRAF1, TRAF2, and RIP (19, 40).

Overexpression of FLIP(L) brings about activation of the
NF-�B signaling pathway (6, 14, 19). It has been reported that
FLIP(L)-induced NF-�B activation is sensitive to caspase in-
hibitors, although caspase 8 induces NF-�B activation inde-
pendently of its proteolytic activity (6, 14). In addition, FADD
initiates the NF-�B signaling pathway even in the presence of
the caspase inhibitors (14). Thus, among the DED protein
family (44), only FLIP(L) might require caspase 8 activity to
trigger activation of the NF-�B signaling pathway. Since
FLIP(L) is specifically cleaved by caspase 8 in the DISC and
has the capacity to promote T-cell proliferation, we have hy-
pothesized that the cleaved forms of FLIP(L) by caspase 8 are
responsible for proliferative signals and that NF-�B activation
is one of the likely downstream signaling pathways involved in
T-cell proliferation. In the present paper, we have investigated
why caspase activation is required for NF-�B activation in-
duced by FLIP(L). We have found that FLIP(p43), but not
FLIP(p12), induces activation of the NF-�B signaling pathway
independently of caspase activation. Moreover, NF-�B activa-

tion induced by FLIP(p43) was markedly prevented by DN-
TRAF2, and only FLIP(p43) specifically bound to endogenous
TRAF2. Thus, our present results clearly demonstrate that
FLIP(L) processing into FLIP(p43) by caspase 8 facilitates
specific interaction with TRAF2 and subsequently induces ac-
tivation of the NF-�B signaling pathway.

MATERIALS AND METHODS

Cells, expression vectors, and reagents. Human embryonic kidney (HEK) 293
cells and 293T cells were maintained in Dulbecco’s modified Eagle’s medium
(Invitrogen Corp., Carlsbad, Calif.) supplemented with 10% (vol/vol) heat-inac-
tivated fetal calf serum (FCS; JRH Biosciences, Lenexa, Kans.) and a penicillin-
streptomycin-neomycin antibiotic mixture (Invitrogen). The FLIP(L) stably
transfected Raji cells (RFL23) (16) were maintained in RPMI 1640 medium
supplemented with 10% (vol/vol) heat-inactivated FCS and the penicillin-strep-
tomycin-neomycin antibiotic mixture. Expression vectors for human FLIP(L),
FLIP(S), FLIP(C), and human procaspase 8 were described previously (16).
Human FLIP(p43), FLIP(p12), FLIP(233-376), FLIP(D376A), human caspase
8(p43), and catalytically inactive mouse procaspase 8 were generated by PCR
amplification and subcloned into PCR3 (Invitrogen)-based expression vectors
containing N-terminal FLAG tag or vesicular stomatitis virus (VSV) tag. The
expression vectors for RIP, DN-TRAF2, DN-TRAF6, and DN-IKK� were de-
scribed before (31, 42). The caspase inhibitor benzyloxycarbonyl-Val-Ala-
Asp(OMe)-fluoromethylketone (zVAD-fmk) and the proteasome inhibitor MG-
132 were purchased from the Peptide Institute, Inc. (Osaka, Japan).

NF-�B activation assay. Twenty-four-well culture plates (0.6 ml per well) were
seeded with 293 (2 � 105 cells) and 293T (0.5 � 105 to 1 � 105 cells) cells the day
before transfection, and the cells were transfected by the calcium phosphate
method with various expression vectors, together with the NF-�B-driven lucif-
erase reporter plasmid (200 ng) and the �-galactosidase plasmid (100 ng). The
cells were washed with phosphate-buffered saline (PBS) 16 h after transfection
and lysed with 30 �l of the lysis buffer (25 mM Tris-HCl [pH 7.8], 1% Triton
X-100) followed by centrifugation (10,000 � g, 5 min) to sediment insoluble
materials. Cell lysates (5 to 10 �l) were mixed with 50 �l of the luciferase assay
mixture (25 mM Tris-phosphate [pH 7.8], 9 mM MgCl2, 15% glycerol, 0.75%
bovine serum albumin, 0.25 mM luciferin [Promega, Madison, Wis.], 0.8 mM
ATP, 1 mM dithiothreitol [DTT]), and relative light units were measured with a
Lumister K-100 luminometer (Hammatsu Photonics, Hamamatsu, Japan). �-Ga-
lactosidase activity was determined in cell lysates (10 to 20 �l) mixed with Z
buffer (100 mM sodium phosphate [pH 7.5], 10 mM KCl, 1 mM MgSO4, 40 mM
2-mercaptoethanol) containing 2.2 mM o-nitrophenyl-�-D-galactopyranoside
(Wako Pure Chemical Industries, Ltd., Osaka, Japan). The reaction mixtures
were incubated at 37°C until a yellow color developed, and A405 was measured
with the model 550 microplate reader (Bio-Rad Laboratories, Inc., Hercules,
Calif.). These values were used to normalize transfection efficiency.

Western blotting. Cells were washed with PBS and lysed with lysis buffer (50
mM Tris-HCl [pH 7.8], 1% Triton X-100, 2 mM DTT, 2 mM sodium vanadate,
and Complete protease inhibitor cocktail from Roche Diagnostics, Mannheim,
Germany) followed by centrifugation (10,000 � g, 5 min). Cell lysates (30 �g per
lane) were separated by sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis and transferred to Hybond-ECL nitrocellulose membrane (Amersham Bio-
sciences, Piscataway, N.J.). Membrane filters were first incubated with blocking
buffer (PBS, 0.5% Tween 20, 5% skim milk) and then incubated first with
antibodies in blocking buffer followed by horseradish peroxidase-conjugated
anti-mouse immunoglobulin G (IgG) or anti-rabbit IgG antibodies (Jackson
ImmunoResearch Laboratories, Inc., West Grove, Pa.). Immunoreactive pro-
teins were visualized by ECL detection reagents (Amersham Biosciences). The
following antibodies were used: actin, C4 (Chemicon International, Inc., Te-
mecula, Calif.); procaspase 8, 5F7 (Medical and Biological Laboratories Co.,
Ltd., Nagoya, Japan); FADD, Clone 1 (BD Biosciences, San Jose, Calif.); FLAG,
M2 (Sigma Chemicals Co., St. Louis, Mo.); FLIP, Dave II (Alexis, San Diego,
Calif.); TRAF2, C20 (Santa Cruz Biotechnology, Inc., Santa Cruz, Calif.); and
VSV, P5D4 (Sigma).

DISC analysis. RFL23 cells (4 � 107 cells) were treated with 2-�g/ml FasL
(39) and 2-�g/ml anti-FLAG antibody M2 for the indicated times. The cells were
quickly cooled down by adding 5 volumes of ice-cold PBS and lysed with 1 ml of
the DISC lysis buffer (0.2% Nonidet P-40, 20 mM Tris-HCl [pH 7.4], 150 mM
NaCl, 2 mM sodium vanadate, 10% glycerol, protease inhibitor cocktail). After
repeated centrifugation (10,000 � g, 5 min), postnuclear lysates were precleared
with Sepharose 6B (Sigma) for 90 min and then incubated with protein G-
Sepharose (Amersham Biosciences) for 3 h. Sepharose beads were washed four
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times with the DISC lysis buffer. Immunoprecipitates and cell lysates were
analyzed by Western blotting.

Immunoprecipitation. Sixty-millimeter-diameter culture plates (3 ml per
plate) were seeded with 293 cells (1.5 � 106 cells) and 293T cells (5 � 105 cells)
on the day before transfection and transfected by the calcium phosphate method
with various expression vectors. The cells were harvested 16 h after transfection,
washed with PBS, and lysed with 200 �l of the lysis buffer (0.2% Nonidet P-40,
20 mM Tris-HCl [pH 7.4], 150 mM NaCl, 2 mM sodium vanadate, protease
inhibitor cocktail) or DISC lysis buffer. After repeated centrifugation (10,000 �
g, 5 min), postnuclear lysates were precleared with Sepharose 6B for 1 h and then
incubated with anti-FLAG M2 agarose (Sigma) for 3 h. Agarose beads were
washed four times with the lysis buffer or the DISC lysis buffer. Immunoprecipi-
tates and cell lysates were analyzed by Western blotting.

RESULTS

The caspase inhibitor blocks NF-�B activation induced by
FLIP(L). Overexpression of FLIP(L) initiates activation of the
NF-�B signaling pathway (6, 14, 19). To address if caspase
activation is required for NF-�B activation induced by
FLIP(L), HEK 293T cells were transiently transfected with
FLIP(L) in the presence or the absence of zVAD-fmk for 16 h.
RIP was used as the positive control to induce NF-�B activa-
tion. Overexpression of RIP resulted in a 20-fold increase in
the NF-�B-driven luciferase activity compared with spontane-
ous activity (Fig. 1A). zVAD-fmk was unable to inhibit RIP-
induced NF-�B activation (Fig. 1A), whereas RIP processing
into the N-terminal 36-kDa fragment (RIPn) was markedly
prevented by zVAD-fmk (Fig. 1C). This processing is mediated
by caspase 8, since it has been reported that caspase 8 specif-
ically cleaves RIP at Asp-324 (22, 29, 31). As previously ob-
served (6, 14, 19), FLIP(L) strongly induced NF-�B activation,
and this activation was inhibited by zVAD-fmk in a dose-
dependent manner (50% inhibitory concentration, 3 �M) (Fig.
1A and B). FLIP(L)-induced NF-�B activation was also
blocked by coexpression of the cowpox viral protein CrmA that
specifically inhibits caspases (data not shown) (6, 14). In
FLIP(L)-transfected cells, FLIP(L) was processed into the N-
terminal 43-kDa fragment detectable by anti-FLAG antibody,
and zVAD-fmk completely abrogated FLIP(L) processing
(Fig. 1C). Caspase 8 specifically cleaves Asp-376 in the
caspase-like domain of FLIP(L), generating N-terminal
FLIP(p43) and C-terminal FLIP(p12) (Fig. 1D). Thus, these
results suggest that caspase 8 activity is required for NF-�B
activation induced by FLIP(L).

The caspase inhibitor does not affect NF-�B activation in-
duced by FLIP(p43). To investigate if FLIP(L) processing into
FLIP(p43) is a prerequisite for NF-�B activation, 293T cells
were transfected with FLIP(p43), FLIP(p12), or FLIP(D376A)
where the caspase 8 cleavage site Asp-376 was replaced by an
alanine residue. Unlike the previous report showing that
FLIP(1-435) only weakly activates the NF-�B-driven luciferase
activity (14), we found that FLIP(p43) still induces NF-�B
activation in a dose-dependent manner and that it exhibited
activity similar to that of FLIP(L) (Fig. 2A). FLIP(D376A)
significantly induced NF-�B activation (Fig. 2A). Since
FLIP(D376A) and FLIP(p43) were equivalently expressed in
cells transfected with the same amounts of DNA (Fig. 2B),
FLIP(D376A) appears to exert a lower NF-�B-inducing activ-
ity, especially at higher DNA concentrations. In contrast,
FLIP(p12) was totally inactive to induce NF-�B activation
(Fig. 2C). To further address whether caspase activity is re-

quired for FLIP(p43)-induced NF-�B activation, 293T cells
were transfected with FLIP(p43) in the presence or the ab-
sence of zVAD-fmk. Of note, FLIP(p43)-induced NF-�B ac-
tivation became insensitive to zVAD-fmk (Fig. 2D), while
FLIP(D376A)-induced NF-�B activation was still sensitive to
zVAD-fmk (Fig. 2E). These results suggest that FLIP(p43) is
able to induce NF-�B activation independently of the caspase
8 activity.

Caspase 8 is required for NF-�B activation induced by
FLIP(p43). 293T cells were introduced with the simian virus 40
(SV40) T antigen, which allows the efficient replication of
plasmid vectors encoding the SV40 origin. In transient trans-
fections using expression vectors such as PCR3, 293T cells
produce a larger amount of exogenous proteins than parental
293 cells. In 293 cells, FLIP(L) and FLIP(p43) only poorly
initiated the NF-�B signaling pathway even when 10-fold
amounts of DNA were used for transfection, although RIP
strongly provoked NF-�B activation (Fig. 3A). The inability to
induce NF-�B activation is not due to the insufficient expres-
sion of FLIP(L) and FLIP(p43), since they were equally ex-
pressed between 293 and 293T cells when fivefold more plas-
mid vectors were used for 293 cells (Fig. 3B). Nevertheless, in

FIG. 1. FLIP(L)-induced NF-�B activation is inhibited by the
caspase inhibitor. (A and B) 293T cells were transfected with RIP (100
ng per well) or FLIP(L) (100 ng per well) together with �B-luciferase
(200 ng per well) and �-galactosidase (100 ng per well) in the presence
(�) or absence (�) of 20 �M zVAD-fmk (A). 293T cells were trans-
fected with FLIP(L) (100 ng per well) together with �B-luciferase (200
ng per well) and �-galactosidase (100 ng per well) in the presence of
serial dilutions of zVAD-fmk (B). �B-luciferase activity was deter-
mined 16 h after transfection and normalized on the basis of �-galac-
tosidase activity. The results represent the mean � standard deviation
of triplicate cultures. (C) 293T cells were transfected with FLAG-RIP
(1 �g per plate) or FLAG-FLIP(L) (1 �g per plate) in the presence
(�) or absence (�) of 20 �M zVAD-fmk. Expression of RIP and
FLIP(L) was analyzed 16 h after transfection by Western blotting with
anti-FLAG antibody. (D) Structures of FLIP(L), FLIP(p43), and
FLIP(p12) are shown. FLIP(L) is cleaved into N-terminal FLIP(p43)
and C-terminal FLIP(p12) at Asp-376 by caspase 8.
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contrast to 293T cells, FLIP(L) was not processed into
FLIP(p43) in 293 cells regardless of the same expression levels
between two types of cells (Fig. 3B). Likewise, RIP was also
unprocessed in 293 cells (data not shown). Since FLIP(L) and
RIP are specifically cleaved by caspase 8, these data suggest
that caspase 8 is deficient or inactivated in 293 cells. Despite
the equal expression of actin, procaspase 8 was barely detect-
able in 293 cells (Fig. 3C). In contrast, 293T cells expressed

procaspase 8 at levels comparable to that of Jurkat T cells
highly sensitive to Fas-mediated apoptosis (Fig. 3C). Similar to
Jurkat T cells, 293 and 293T cells did not express large
amounts of FLIP(L) and FLIP(S) sufficient to block Fas-me-
diated apoptosis (Fig. 3C).

To obtain further evidence for the requirement of pro-
caspase 8 in NF-�B activation induced by FLIP(L), procaspase
8 was complemented at the endogenous level in 293 cells.
Procaspase 8 alone significantly induced NF-�B activation un-
der conditions in which it did not trigger substantial apoptosis
(6) or even when its enzymatic activity was inactivated by
zVAD-fmk or mutation of active-center cysteine in 293 cells
(data not shown). Hence, the DNA concentration that did not
induce NF-�B activation was titrated and used for the comple-
mentation of procaspase 8. As expected, FLIP(p43) strongly
induced NF-�B activation only when procaspase 8 was cotrans-
fected (Fig. 3D). In procaspase 8-transfected 293 cells, a por-
tion of procaspase 8 was cleaved into caspase 8(p43) without
induction of apoptosis, irrespective of the presence of
FLIP(p43), which inhibits self-processing of procaspase 8 (Fig.
3F), suggesting that caspase 8(p43) is produced by autopro-
cessing of the procaspase 8 homodimers. However, contrary to
our prediction, FLIP(L) exerted an only marginal activity to
initiate NF-�B activation in cells cotransfected with procaspase
8 (Fig. 3D). This is probably due to the fact that FLIP(L) was
inefficiently processed into FLIP(p43) by transfected pro-
caspase 8 (Fig. 3E). The human procaspase 8-hemagglutinin
(HA) construct used here appears to have a weak intrinsic
proteolytic activity for autoprocessing and for the cleavage of
other substrates, such as FLIP(L).

The heterodimers of both FLIP(p43)/caspase 8 and
FLIP(p43)/caspase 8(p43) are able to induce NF-�B activa-
tion. The results presented above suggest that either pro-
caspase 8 or caspase 8(p43) is indispensable for NF-�B acti-
vation induced by FLIP(p43). In the presence of caspase
8(p43), FLIP(p43) was able to induce a 10-fold activation of
the NF-�B signaling pathway (Fig. 4A). In contrast,
FLIP(D376A) was totally inactive even when procaspase 8 or
caspase 8(p43) was cotransfected (Fig. 4A). zVAD-fmk did not
perturb FLIP(p43)-induced NF-�B activation in 293 cells co-
transfected with procaspase 8 or caspase 8(p43) (Fig. 4B).
Moreover, FLIP(p43) strongly induced NF-�B activation when
catalytically inactive procaspase 8 was cotransfected (Fig. 4C).
Thus, these data indicate that either procaspase 8 or caspase
8(p43), but not their proteolytic activity, is required for
FLIP(p43)-induced NF-�B activation. To examine if
FLIP(p43) is able to interact with procaspase 8 and caspase
8(p43), 293 cells were transfected with VSV-FLIP(p43), to-
gether with FLAG-procaspase 8 or FLAG-caspase 8(p43), and
postnuclear lysates were immunoprecipitated with anti-FLAG
antibody. The comparable amounts of FLIP(p43) were pulled
down with procaspase 8 and caspase 8(p43) (Fig. 4D). Taken
together, these data suggest that the heterodimers of both
FLIP(p43)/procaspase 8 and FLIP(p43)/caspase 8(p43) are
able to induce NF-�B activation and that caspase 8 proteolytic
activity is no longer required for the downstream signaling
pathway of NF-�B activation after FLIP(L) is processed into
FLIP(p43).

DN-TRAF2 markedly prevents NF-�B activation induced by
FLIP(p43). NF-�B activation depends on adapter proteins

FIG. 2. NF-�B activation induced by FLIP(p43) is insensitive to the
caspase inhibitor. (A) 293T cells were transfected with indicated
amounts of FLIP(L), FLIP(p43) or FLIP(D376A). NF-�B activation
was determined 16 h after transfection. The results represent the mean
� standard deviation of triplicate cultures. (B) 293T cells were trans-
fected with FLAG-FLIP(L), FLIP(p43), or FLIP(D376A) (each at 1
�g per plate). Cell lysates were prepared 16 h after transfection and
analyzed by Western blotting with anti-FLAG antibody. (C to E) 293T
cells were transfected with FLIP(L), FLIP(p43), or FLIP(p12) (100 ng
per well) (C). 293T cells were transfected with FLIP(p43) (100 ng per
well) (D) or FLIP(D376A) (100 ng per well) (E) in the presence (�)
or absence (�) of 20 �M zVAD-fmk. NF-�B activation was deter-
mined 16 h after transfection. The results represent the mean �
standard deviation of triplicate cultures.
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such as the TRAF family of proteins and the I�B kinase com-
plex containing I��	, IKK�, and IKK
 (12). In our earlier
paper (19), we have shown that FLIP(L)-induced NF-�B acti-
vation is profoundly inhibited by DN-IKK� and partially by
DN-TRAF2. In contrast to FLIP(L), DN-TRAF2 profoundly
inhibited FLIP(p43)-induced NF-�B activation in a dose-de-
pendent manner (Fig. 5A and B). The inhibitory activity of
DN-TRAF2 on FLIP(p43)-induced NF-�B activation was as
strong as that of DN-IKK� (Fig. 5C). Thus, TRAF2 appears to
be required for FLIP(p43)-induced NF-�B activation. In con-
trast, FLIP(D376A)-induced NF-�B activation was only mar-
ginally inhibited by DN-TRAF2 (Fig. 5D), suggesting that
TRAF2 is dispensable for NF-�B activation induced by
FLIP(D376A).

TRAF2 specifically interacts with FLIP(p43). To investigate
the TRAF2 interaction in mammalian cells, 293T cells were
transfected with FLAG-tagged constructs, and immunopre-
cipitates with anti-FLAG beads were probed with anti-TRAF2
antibody to detect endogenous TRAF2. zVAD-fmk was in-
cluded in FLIP(L)-transfected cells to block its processing into
FLIP(p43). Although these constructs were equally expressed,
endogenous TRAF2 interacted strongly with FLIP(p43) but
only weakly with FLIP(L) (Fig. 6A). Neither procaspase 8 nor
caspase 8(p43) seems to bind to TRAF2 (Fig. 6A). Moreover,
compared with FLIP(p43), no discernible association was ob-
served with FLIP(S), FLIP(233-480), FLIP(233-376), or
FLIP(p12) (Fig. 6B). The specific interaction of FLIP(p43)
with TRAF2 was also observed with 293 cells that do not
express procaspase 8 (data not shown). To address if TRAF2
forms a complex with caspase 8 via binding to FLIP(p43), 293T
cells were transfected with FLAG-procaspase 8 together with
either VSV-FLIP(L) or VSV-FLIP(p43), and anti-FLAG
beads were used for immunoprecipitation (Fig. 6C). Although
transfected FLIP(L) was readily processed into FLIP(p43) and
similar amounts of FLIP(L) and FLIP(p43) were present in
cell lysates, only FLIP(p43) was pulled down with procaspase 8
and caspase 8(p43) (Fig. 6C). Since FLIP(L) and FLIP(p43)
were equivalently immunoprecipitated with procaspase 8 in the
presence of zVAD-fmk (Fig. 6D), it seems likely that FLIP(L)
and procaspase 8 have a high affinity, but FLIP(L) is very
quickly cleaved into FLIP(p43). Endogenous TRAF2 was im-
munoprecipitated with procaspase 8 and caspase 8(p43) only
when FLIP(p43) was present in the cell (Fig. 6C). Thus, these
data demonstrate that TRAF2 forms the tertiary complex with
FLIP(p43) and caspase 8.

As shown in our earlier paper (19), TRAF2 was recruited in
the DISC upon Fas ligation in Jurkat T cells and Raji cells, and
it was much more pronounced in FLIP(L)-transfected cells. To

FIG. 3. Caspase 8 is required for NF-�B activation induced by
FLIP(p43). (A) 293 cells were transfected with the indicated amounts
of FLIP(L), FLIP(p43), or RIP. NF-�B activation was determined 16 h
after transfection. The results represent the mean � standard devia-
tion of triplicate cultures. (B) 293 cells and 293T cells were transfected
with FLAG-FLIP(L) or FLAG-FLIP(p43) (5 �g per plate for 293 cells
and 1 �g per plate for 293T cells, respectively). Cell lysates were
prepared 16 h after transfection and analyzed by Western blotting with
anti-FLAG antibody. (C) Expression of procaspase 8, c-FLIP, and
actin was analyzed by Western blotting. (D) 293 cells were transfected

with the indicated amounts of FLIP(L) or FLIP(p43), together with or
without (control) procaspase 8 (100 ng per well). NF-�B activation was
determined 16 h after transfection. The results represent the mean �
standard deviation of triplicate cultures. (E and F) 293 cells were
transfected with (�) or without (�) FLAG-FLIP(L) (5 �g per plate)
(E) or FLAG-FLIP(p43) (5 �g per plate) (F), together with (�) or
without (�) procaspase 8-HA (0.5 �g per plate). In comparison, 293T
cells were transfected with (�) or without (�) FLAG-FLIP(L) or
FLAG-FLIP(p43) (each at 1 �g per plate). Cell lysates were prepared
16 h after transfection and analyzed by Western blotting with anti-
FLAG and anti-caspase 8 antibodies.
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test the possibility that caspase 8-dependent cleavage of
FLIP(L) is a prerequisite for the recruitment of TRAF2 into
the DISC, FLIP(L)-transfectant Raji cells (RFL23) were pre-
incubated with zVAD-fmk and then treated with cross-linked
FasL for 30 min (Fig. 6E). In the DISC, nearly all FLIP(L) was
processed into FLIP(p43), and a large part of procaspase 8
underwent self-processing to convert into caspase 8(p43), ac-
companied by significant recruitment of TRAF2 (Fig. 6E).
zVAD-fmk strongly inhibited both the processing of pro-
caspase 8 and FLIP(L) and TRAF2 recruitment (Fig. 6E).

DISCUSSION

FLIP(L) is able to bring about strong activation of the
NF-�B signaling pathway (6, 14, 19). In contrast to other
NF-�B inducers such as RIP or caspase 8, NF-�B activation
induced by FLIP(L) is potently inhibited by zVAD-fmk or Crm
A (Fig. 1A and B) (6, 14). These findings suggest that caspase
activity is required for NF-�B activation induced by FLIP(L).
In the present paper, we have investigated the molecular
mechanism of how caspase activation contributes to FLIP(L)-
induced activation of the NF-�B signaling pathway. Strikingly,
the N-terminal fragment FLIP(p43) processed by caspase 8

induced NF-�B activation even in the presence of zVAD-fmk.
Thus, caspase 8 activity appears to be required for FLIP(L)
cleavage, but not for its downstream events leading to the
NF-�B signaling pathway. Moreover, endogenous TRAF2 in-
teracted specifically with FLIP(p43), and DN-TRAF2 abol-
ished FLIP(p43)-induced NF-�B activation. Our present re-
sults clearly demonstrate that TRAF2 is an essential adapter
protein involved in FLIP(p43)-induced NF-�B activation.

Yeast two-hybrid screening has revealed that the caspase-
like domain of FLIP(L) binds to TRAF1 and TRAF2 (40).
FLIP(L) also interacts with TRAF1 and TRAF2 when over-
expressed in mammalian cells (19, 40). However, the present
work has clearly shown that endogenous TRAF2 interacts
highly selectively with FLIP(p43) but poorly with FLIP(L).
Thus, it is likely that, although FLIP(L) binds to TRAF2 only
weakly or transiently, FLIP(p43) forms a more stable complex
with TRAF2. The observation that TRAF2 failed to interact
with FLIP(S), FLIP(C), FLIP(233-376), and FLIP(p12) sug-
gests that the overall structure of FLIP(p43) is necessary for its
stable association with TRAF2 and that the C-terminal region
of FLIP(L) interferes with TRAF2 binding to FLIP(L).

By analyzing mice deficient for TRAF2 or overexpressing
DN-TRAF2, it was initially concluded that TRAF2 is essential

FIG. 4. The heterodimers of FLIP(p43)/procaspase 8 and FLIP(p43)/caspase 8(p43) are able to induce NF-�B activation. (A to C) 293 cells
were transfected with FLIP(p43) or FLIP(D376A) (each at 1 �g per well), together with procaspase 8 (100 ng per well) (black bars) or caspase
8(p43) (50 ng per well) (gray bars) (A). 293 cells were transfected with FLIP(p43) (1 �g per well) together with procaspase 8 (100 ng per well)
or caspase 8(p43) (50 ng per well) in the presence (�) or absence (�) of 20 �M zVAD-fmk (B). 293 cells were transfected with or without
FLIP(p43) (0.5 �g per well), together with (black bars) or without (hatched bars) catalytically inactive procaspase 8 (25 ng per well) (C). NF-�B
activation was determined 16 h after transfection. The results represent the mean � standard deviation of triplicate cultures. (D) 293 cells were
transfected with FLAG-procaspase 8 or FLAG-caspase 8(p43) (1 �g per plate) together with VSV-FLIP(p43) (1 �g per plate). Cell lysates were
prepared 16 h after transfection and immunoprecipitated with anti-FLAG antibody. The immunoprecipitates and cell lysates were analyzed by
Western blotting using anti-VSV and anti-FLAG antibodies.
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for JNK activation but not NF-�B activation (26, 48). How-
ever, NF-�B activation is severely impaired in mice lacking
TRAF2 and TRAF5 (41), demonstrating that TRAF2 and
TRAF5 play redundant roles in NF-�B activation. In contrast
to TRAF2, TRAF5 failed to associate with FLIP(L) even when
overexpressed in 293T cells under conditions in which the
interaction between TRAF2 and FLIP(L) was readily detect-
able (19). Thus, TRAF2, but not TRAF5, is likely to be the
main adapter protein that elicits NF-�B activation downstream
of FLIP(p43). TRAF2 recruits the IKK complex to TNF-R1
upon TNF treatment, whereas RIP is responsible for activation
of IKK complex (9). Since we have shown that RIP is also
recruited into the DISC upon Fas ligation in a FLIP-depen-
dent fashion (19), it is possible that FLIP(p43)-recruited
TRAF2 collaborates with RIP to induce NF-�B activation in
response to stimulation of death receptors such as Fas.

Contrary to our prediction, overexpression of FLIP(D376A)
still induced NF-�B activation. However, in contrast to
FLIP(p43), FLIP(D376A)-induced NF-�B activation was
markedly blocked by caspase inhibitors. Autoprocessing of
procaspase 8 into caspase 8(p43) was dispensable for NF-�B
activation induced by FLIP(D376A), since cotransfection of
FLIP(D376A) and caspase 8(p43) failed to induce NF-�B ac-
tivation in 293 cells. These observations suggest that caspase
8-cleavable substrates are involved in NF-�B activation in-
duced by FLIP(D376A). DN-TRAF2 abolished NF-�B activa-
tion induced by FLIP(p43), whereas it failed to block
FLIP(D376A)-induced NF-�B activation, clearly indicating
that FLIP(D376A) induces NF-�B activation independently of
TRAF2. At present, the molecular basis for NF-�B activation
induced by FLIP(D376A) remains unclear. Since FLIP(L) is
always processed by caspase 8 rapidly after its recruitment to
the DISC, and FLIP(L) is apparently absent in the DISC (19,
25, 38), it seems unlikely that uncleaved FLIP(L) transmits
NF-�B activation in the DISC. However, it is possible that
FLIP(L) contributes to NF-�B activation without caspase 8-de-
pendent cleavage outside the death receptor signaling path-
way.

Caspase 8 plays an essential role in T-cell proliferation.
Murine T cells either lacking FADD or overexpressing DN-
FADD do not proliferate in response to TCR signals (34, 47,
49, 50). Consistent with this observation, synthetic caspase
blockers such as zVAD-fmk inhibit CD3-induced proliferation
of human mature T cells (1, 21). These observations, coupled
with the findings of recent studies using mice lacking caspase 8
in the T-cell lineage (37) and homozygous caspase 8 deficiency
in humans (7), have clearly indicated that caspase 8 activation
mediated by death receptors plays an essential role in T-cell
proliferation. FLIP(L) is the first substrate that is cleaved by
caspase 8 in the DISC. Mature T cells from FLIP(L)-trans-
genic mice proliferate more efficiently than wild-type T cells in
response to suboptimal TCR stimulation (27), suggesting that
FLIP(L) modulates T-cell proliferation by decreasing the
threshold of the TCR signaling. Thus, these studies provide
further evidence that FLIP(L) processing by caspase 8 plays a
critical role in T-cell proliferation.

In mice overexpressing DN-TRAF2, mature T cells exhibit
compromised proliferation upon TCR stimulation (26). In
contrast to TRAF2-deficient mice that manifest severe devel-
opmental defects of lymphocytes (48), TRAF1-deficient mice
have normal lymphocyte development but exhibit enhanced
T-cell proliferation (46). TRAF1 is specifically cleaved at Asp-
163 and the C-terminal cleavage product blocks NF-�B acti-
vation (17, 28). Thus, unlike TRAF1, TRAF2 appears to be a
positive regulator in T-cell proliferation. Taken together with
our present observations, it might be postulated that caspase
8-dependent cleavage of FLIP(L) and following recruitment of
TRAF2 into FLIP(p43) is fundamental for proliferative re-
sponses in mature T cells.

It has been shown that the N-terminal cleaved fragment of
FLIP(L) is recruited more preferentially than caspase 8 in the
DISC (5, 19, 38). In cells expressing FLIP(L) insufficient to
block apoptosis, the procaspase 8 homodimers are formed
within the DISC at the plasma membrane, allowing the gen-
eration of the active heterotetramers by autoprocessing and
their subsequent release into the cytosol. In contrast, in cells

FIG. 5. DN-TRAF2 prevents NF-�B activation induced by
FLIP(p43). (A and B) 293T cells were transfected with FLIP(p43) (100
ng per well) together with indicated amounts of DN-TRAF2 for 16 h.
NF-�B activation represents the mean � standard deviation of tripli-
cate cultures (A). Expression of DN-TRAF2 and endogenous TRAF2
was analyzed by Western blotting with anti-TRAF2 antibody (B). (C
and D) 293T cells were transfected with FLIP(p43) (100 ng per well)
together with DN-TRAF2 or DN-IKK� (500 ng per well) (C). 293T
cells were transfected with FLIP(D376A) (100 ng per well) together
with indicated amounts of DN-TRAF2 (D). NF-�B activation was
determined 16 h after transfection. The results represent the mean �
standard deviation of triplicate cultures.
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expressing a sufficient amount of FLIP(L) to prevent apopto-
sis, FLIP(L) is dominantly incorporated into the DISC and
processed into FLIP(p43) after dimerization with caspase 8 (5,
19, 38). The FLIP(p43)/caspase 8 heterodimers are enzymati-
cally active to cleave local substrates, but inactive to induce
apoptosis, and stick to the membrane-anchored DISC for the
sustained period (32). Upon Fas ligation, FLIP(L) was pro-
cessed into FLIP(p43) by caspase 8 in the DISC, accompanied
by the recruitment of TRAF2 (Fig. 6E) (19). Moreover,
TRAF2 formed the tertiary complex with FLIP(p43) and
caspase 8. Thus, in response to death receptor stimulation,
FLIP(L) appears to be a major protein that determines either

cell death or survival, depending on its expression levels, and if
cells are committed to survive, FLIP(L) is able to transmit
proliferative signals by TRAF2 after being cleaved into
FLIP(p43) in the DISC.

Upon TCR stimulation, Jurkat T cells overexpressing
FLIP(L) exhibited increased I�B phosphorylation and its sub-
sequent degradation (19). Moreover, mouse blast T cells pos-
sessed a decreased amount of I�B in FLIP(L)-transgenic mice
(19). Therefore, NF-�B activation might be one of the major
signaling pathways modulated by FLIP(L) in T cells. Since part
of FLIP(L) was processed into FLIP(p43) even in freshly iso-
lated mature T cells in FLIP(L)-transgenic mice (27), it is

FIG. 6. TRAF2 specifically interacts with FLIP(p43). (A) 293T cells were transfected with FLAG-procaspase 8, FLAG-caspase 8(p43),
FLAG-FLIP(L), or FLAG-FLIP(p43) (each at 1 �g per plate). zVAD-fmk (20 �M) was included in cells transfected with FLAG-FLIP(L). Cell
lysates were prepared 16 h after transfection and immunoprecipitated with anti-FLAG antibody. The immunoprecipitates and cell lysates were
analyzed by Western blotting with anti-TRAF2 and anti-FLAG antibodies. (B) 293T cells were transfected with various FLIP constructs (each 1
�g per plate). The proteasome inhibitor MG-132 (10 �M) was included in cells transfected with FLIP(p12) for the last 2 h. Cell lysates were
prepared 16 h after transfection and immunoprecipitated with anti-FLAG antibody. The immunoprecipitates and cell lysates were analyzed by
Western blotting with anti-TRAF2 and anti-FLAG antibodies. (C) 293T cells were transfected with (�) or without (�) FLAG-procaspase 8 (1 �g
per plate) together with (�) or without (�) VSV-FLIP(L) or VSV-FLIP(p43) (each at 1 �g per plate). Cell lysates were prepared 16 h after
transfection and immunoprecipitated with anti-FLAG antibody. The immunoprecipates and cell lysates were analyzed by Western blotting with
anti-caspase 8, anti-FLIP, and anti-TRAF2 antibodies. (D) 293T cells were transfected with (�) or without (�) FLAG-procaspase 8 (1 �g per
plate) together with (�) or without (�) VSV-FLIP(L) or VSV-FLIP(p43) (each at 1 �g per plate) in the presence of zVAD-fmk (20 �M). Cell
lysates were prepared 16 h after transfection and immunoprecipitated with anti-FLAG antibody. The immunoprecipitates and cell lysates were
analyzed by Western blotting with anti-caspase 8 and anti-FLIP antibodies. (E) RFL23 cells were preincubated with (�) or without (�) 100 �M
zVAD-fmk for 30 min and then treated with (�) or without (�) cross-linked FasL (2 �g/ml) for 30 min. The DISC and cell lysates were analyzed
by Western blotting with anti-FADD, anti-caspase 8, anti-FLIP, and anti-TRAF2 antibodies.
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possible that the NF-�B signaling pathway is constitutively
activated at the basal level without further TCR stimulation,
which might contribute to maintain the long-term survival and
responsiveness of T cells.

It has been reported that T cells lacking caspase 8 or ex-
pressing DN-FADD manifest unimpaired NF-�B activation
upon TCR stimulation (35, 37). These observations have sug-
gested that NF-�B activation upon antigen stimulation is in-
dependent of caspase 8. Recently, it has been shown that
NF-�B activation via TCR is mainly activated by the Carma-
1/CARD11 pathway (11, 13, 18). However, TCR signals can
induce the TNF family of proteins such as FasL, and FasL can
even costimulate human mature T cells (21). Based on these
findings, we speculate that T cells might utilize the death re-
ceptor pathway to augment NF-�B activation, especially when
TCR stimulation alone is insufficient to induce proliferative
responses. It might be also possible that the caspase 8-FLIP(L)
pathway is dominantly involved in the induction of the NF-�B
signaling pathway upon TCR stimulation in certain subpopu-
lations of mature T cells expressing high levels of FLIP(L).

In conclusion, caspase 8 processes FLIP(L) into FLIP(p43)
and induces the recruitment of TRAF2 to FLIP(p43), leading
to activation of the NF-�B signaling pathway. As the specific
substrate of caspase 8, FLIP(L) appears to act as the molecular
switch between cell death and cell growth by preventing gen-
eration of the active caspase 8 as well as transmitting prolifer-
ative signals such as the NF-�B signaling pathway. Our present
results provide one possible molecular mechanism that ac-
counts for why caspase 8 is required for T-cell proliferation.
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