
Interchain Proteolysis, in the Absence of a Dimerization Stimulus,
Can Initiate Apoptosis-associated Caspase-8 Activation*

Received for publication, February 24, 2004, and in revised form, June 15, 2004
Published, JBC Papers in Press, June 21, 2004, DOI 10.1074/jbc.M402039200

Brona M. Murphy, Emma M. Creagh‡, and Seamus J. Martin§
From the Molecular Cell Biology Laboratory, Department of Genetics, The Smurfit Institute, Trinity College,
Dublin 2, Ireland

Caspases coordinate the internal demolition of the
cell that is seen during apoptosis. Proteolytic processing
of caspases is observed during apoptosis, and this cor-
relates with conversion of inactive caspase proenzymes
into their active two-chain forms. However, recent stud-
ies have suggested that caspase-8 is activated through
dimerization and that interchain proteolysis is not suf-
ficient for activation of this caspase. This proposal casts
doubt upon whether caspase-8 is productively activated
by granzyme B during granule-dependent cytotoxic T
lymphocyte or natural killer cell-mediated killing, for
example. Contrary to the dimerization model, we show
that direct proteolysis of caspase-8 by the cytotoxic T
lymphocyte protease granzyme B, or by caspase-6, pro-
duces an active enzyme that displays robust proteolytic
activity toward synthetic as well as natural caspase-8
substrates. These data suggest that enforced dimeriza-
tion of caspase-8 zymogens by scaffold proteins such as
Fas-associated protein with death domain (FADD), al-
though important in certain contexts, is not a prerequi-
site for activation of this protease.

The caspase family of cysteine proteases plays a central
role in apoptosis through controlled demolition of the cellular
architecture in response to diverse stimuli (1–3). During apo-
ptosis, restricted proteolysis of an array of caspase substrates
results in the morphological and biochemical alterations char-
acteristic of this mode of cell death (4, 5). Caspases are nor-
mally present as dormant proenzymes in viable cells and
achieve catalytic competence at the onset of apoptosis. Al-
though a common subset of caspases becomes activated in
essentially all forms of apoptosis, caspase activation is
achieved in stimulus-specific ways. Certain caspases, such as
caspases-8 and -9, possess long N-terminal pro-domains that
are used to recruit these enzymes to activation complexes.
Caspase activation complexes are typically assembled at the
onset of apoptosis and promote activation of caspases recruited
to these complexes (6). Caspases that are activated in this way
(termed initiator caspases) can then further propagate death
signals by proteolytically processing downstream caspases,
such as caspases-3, -6, and -7, within the cell.

Caspase-8 acts as the initiator caspase in cell death path-
ways that result from ligand-driven engagement of certain

members of the tumor necrosis factor/nerve growth factor re-
ceptor family (7, 8). In this context, the adaptor molecule
FADD1 recruits caspase-8 to plasma membrane-associated re-
ceptor complexes and promotes activation of this caspase. Re-
ceptor-driven clustering of caspase-8 is thought to activate the
enzyme through facilitating autoproteolysis of full-length
caspase-8 molecules to produce a two-chain active enzyme.
However, recent studies have proposed the alternative view
that caspase-8 aggregation serves primarily to facilitate dimer-
ization of the enzyme and that this is sufficient for activation
(9, 10). In this model, dimerization, rather than interchain
proteolysis, is the critical requirement for caspase activation,
and subsequent autoprocessing of the enzyme has been pro-
posed to act merely to stabilize caspase-8 dimers (9). A corol-
lary of this model is that direct proteolytic processing of
caspase-8, by other caspases or proteases with similar specific-
ity such as granzyme B, in the absence of a dimerization plat-
form may not be sufficient for activation for this caspase.

Interchain processing of caspases is observed in most, if not
all, forms of apoptosis and has become widely accepted as a
hallmark of caspase activation. If correct, the dimerization
model suggests that the appearance of proteolytically pro-
cessed forms of caspase-8 is not a reliable measure of the
activation status of this protease. Interchain proteolysis of
caspase-8 is observed in at least two important contexts where
a stimulus for dimerization is not apparent. In the context of
cytotoxic T lymphocyte/natural killer-mediated killing,
caspase-8 is processed directly by the granule protease gran-
zyme B, and this has previously been assumed to correlate with
activation of this protease (11, 12). Furthermore, in the stress-
initiated/apoptosome pathway to apoptosis, caspase-8 becomes
proteolytically processed via direct proteolysis by caspase-6 (4,
13, 14). The dimerization model of caspase-8 activation predicts
that caspase-8 processing in the aforementioned contexts will
result in catalytically inactive protease. Here, we have tested
this prediction, and, contrary to the dimerization model, we
find that interchain processing is sufficient to produce catalyt-
ically active caspase-8.

EXPERIMENTAL PROCEDURES

Materials—The following antibodies were used for immunoblotting
and/or immunoprecipitation: mouse anti-caspase-3 (BD Biosciences),
rabbit anti-caspase-3 D175 (Cell Signaling Technology, UK), mouse
anti-caspase-8 (clone C15; Apotech), mouse anti-caspase-8 (clone 12F5;
Apotech), mouse anti-caspase-8 (clone 1C12; Cell Signaling Technol-
ogy), and mouse anti-caspase-8 (clone 5F7; Upstate Biotechnology,
Inc.). Anti-Fas IgM (clone CH-11) was purchased from Upstate Biotech-
nology and was used to initiate apoptosis by adding it to cell culture
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medium at a final concentration of 100 ng/ml. Biotin-VAD-fmk (biotin-
Val-Ala-Asp-[Ome]-fluoromethyl ketone) was purchased from ICN. Bi-
otin-YVAD-cmk (biotinyl-Tyr-Val-Ala-Asp-chloromethyl ketone) was
purchased from Bachem, and the caspase-8 synthetic substrate Ac-
IETD-AFC (Ac-Ile-Glu-Thr-Asp-7-amino-4[trifluoromethyl]-coumaride)
was purchased from ICN.

Preparation of Cell-free Extracts—Cell-free cytosolic S-15 extracts
were generated from Jurkat cells as described previously (4, 15).
Briefly, 5 ! 108 cells were packed into a 2 ml of Dounce homogenizer,
and an equal volume of ice-cold cell extract buffer was added (CEB: 20
mM HEPES-KOH, pH 7.5, 10 mM KCl, 1.5 mM MgCl2, 1 mM EDTA, 1 mM

EGTA, 1 mM dithiothreitol, 250 !M phenylmethylsulfonyl fluoride, 1
!g/ml leupeptin, 2 !g/ml aprotinin). Cells were allowed to swell in CEB
for 20–30 min on ice and were then lysed by homogenization with
"15–20 strokes of a B-type pestle. Crude extracts were then centrifuged
for 30 min at 15,000 ! g to remove nuclei, unbroken cells, and other
debris. Extracts (25–30 mg/ml protein) were stored in aliquots at
#70 °C until required.

Initiation of Caspase-8 Proteolytic Processing—Caspase-8 processing
was initiated in Jurkat cell-free extracts by the addition of 50 !g/ml
bovine heart cytochrome c (Cyt c) and 1 mM dATP, which triggers
assembly of Apaf-1/caspase-9 apoptosomes, followed by incubation of

FIG. 1. Peptide affinity labeling of caspase-8 after proteolytic processing by granzyme B or caspase-6. A, Jurkat cell-free extracts were
incubated at 37 °C in the presence or absence of 100 nM granzyme B, or 50 !g/ml Cyt c and 1 mM dATP, as indicated. Samples were removed at
the indicated time points and were subsequently analyzed for caspase-8 and caspase-3 processing status by Western blotting. B, Jurkat cell-free
extracts were incubated for 2 h at 37 °C in the presence or absence of granzyme B, or Cyt c/dATP, as shown. After the 2-h incubation period,
biotin-VAD-fmk was then added to the extracts to a final concentration of 10 !M, and affinity labeling was allowed to proceed for 10, 20, and 30
min as indicated. Affinity-labeled caspases were captured on agarose-streptavidin beads as described under “Experimental Procedures.” Bead
complexes were then probed for the presence of caspase-8 (top) or caspase-3 (bottom), as indicated. Inputs represent 20% of the cell-free lysate
volume that was used for affinity labeling reactions. Asterisks denote a nonspecific band detected with anti-caspase-3 antibody. C, Jurkat cell-free
extracts, treated as described in B above, were affinity labeled with biotin-YVAD-cmk, and streptavidin-agarose-captured complexes were probed
for caspase-8 or caspase-3 as shown. Inputs represent 20% of the cell-free lysate volume that was used for affinity labeling reactions. Results are
representative of three separate experiments.
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cell-free reactions for 2 h at 37 °C (4, 13, 15). Alternatively, 100 nM

purified human granzyme B (Calbiochem) was added to cell-free ex-
tracts followed by incubation as described above. Fas/CD95-driven
caspase-8 processing was initiated in Jurkat cells by stimulation with
100 ng/ml anti-Fas IgM for 4 h at 37 °C.

Caspase-8 Immunoprecipitation and Assessment of Catalytic Activi-
ty—Caspase-8 was immunoprecipitated from cell-free reactions using
various monoclonal antibodies (mAbs) as detailed above. Briefly, at
appropriate time points cell-free reactions (50–100 !l/immunoprecipi-
tation) were diluted to 250 !l with CEB followed by the addition of 1–2
!g of anti-caspase-8 mAbs and 40 !l of protein A/G-agarose (Santa
Cruz). Immunoprecipitations were rotated for 4 h at 4 °C followed by
pelleting of immunocomplexes and washing three times in CEB (1
ml/wash). For synthetic peptide hydrolysis assays, protein A/G-agarose-
immobilized caspase-8 complexes were resuspended in 50 !l of CEB and
transferred to black 96-well Fluotrac 200 plates. Ac-IETD-AFC (50 !l)
was then added to each well (to a final concentration of 50 !M), and
liberation of free AFC was monitored for 1 h at 37 °C at excitation and
emission wavelengths of 430 and 535 nm, respectively.

35S-Labeled Caspase-3 Cleavage Assays—Immunoprecipitated cas-
pase-8 was washed as above and brought up in CEB containing in vitro
transcribed and translated 35S-caspase-3 (in a final reaction volume of
15 !l). Reactions were allowed to proceed for 3 h at 37 °C and were
stopped by the addition of SDS-PAGE sample buffer followed by anal-
ysis by SDS-PAGE/autoradiography.

Affinity Labeling of Caspases—Caspases were active site labeled
with biotinylated caspase substrate peptides, as follows. Cell-free ex-
tracts were incubated for 2 h at 37 °C in the presence or absence of 100
nM granzyme B, or 50 !g/ml Cyt c and 1 mM dATP to initiate processing
of caspases. Extracts (150-!l aliquots) were then incubated at 37 °C
with 10 !M biotin-VAD-fmk, or 10 !M biotin-YVAD-cmk, and 50-!l
samples were removed after 10, 20, and 30 min for assessment of
caspase labeling. Biotinylated proteins were captured by dilution of
50-!l reactions to 250 !l with CEB, followed by the addition of agarose-
streptavidin beads (30 !l/reaction) and incubation at 4 °C under con-
tinuous rotation for 3 h. Bound proteins were washed three times with
CEB (1 ml/wash) and were eluted from beads by the addition of SDS-
PAGE sample buffer followed by boiling for 7 min.

RESULTS

Experiments based upon recombinant noncleavable forms of
caspase-8 have suggested that dimerization of caspase-8 may
be a prerequisite for activation of this protease (9, 10). The
dimerization model predicts that proteolytic processing of
caspase-8, in the absence of a dimerization platform, may be
insufficient for activation of this enzyme (9). To explore
whether this model holds for endogenous full-length caspase-8,
we have used two stimuli (granzyme B and caspase-6) that
promote interchain proteolytic processing of caspase-8 in a
dimerization-independent manner. As illustrated in Fig. 1A,
caspase-8 underwent rapid proteolytic maturation upon intro-
duction of recombinant granzyme B into cell-free extracts of
Jurkat cells. Similar, but less rapid, processing of caspase-8
was also observed when Cyt c/dATP was added to Jurkat ex-
tracts to initiate assembly of Apaf-1/caspase-9 apoptosomes
(Fig. 1A). Previous studies have established that caspase-8
processing in the apoptosome pathway is catalyzed by
caspase-6, which is activated downstream of the apoptosome (4,
13, 14). As expected, caspase-3 interchain processing also oc-
curred in response to the addition of granzyme B or Cyt c/dATP
to the extracts (Fig. 1A; Ref. 16).

To assess whether proteolytic processing of caspase-8 in
these contexts produced catalytically active enzyme, we used
two different biotinylated synthetic caspase substrates (biotin-
VAD-fmk and biotin-YVAD-cmk) to label active caspases in the
extracts after treatment with granzyme B or Cyt c/dATP. Using
this approach, we found that although caspase-3 was labeled
very efficiently by both peptides in extracts that had been
treated with granzyme B or Cyt c/dATP, only trace amounts of
proteolytically processed caspase-8 were labeled by comparison
(Fig. 1, B and C). Similar observations have been made by
Salvesen and colleagues (9) (using biotin-VAD-fmk as an affin-

ity label) and appear to support their proposal that direct
interchain proteolysis of caspase-8 is insufficient for activation
of this caspase.

However, we sought to validate the biotinylated peptide la-
beling method as a means to detect catalytically active
caspase-8 using extracts from cells that had been induced to
undergo apoptosis through stimulation with anti-Fas IgM. In
this context, it has been well established that caspase-8 is
activated through FADD-dependent recruitment of the latter
to receptor complexes (7, 8). Thus, Jurkat cells were treated
with 100 ng/ml anti-Fas mAb for 4 h at which time "70% of
these cells were annexin V-positive and thus undergoing apo-
ptosis (Fig. 2A). Cell-free extracts prepared from the latter cells

FIG. 2. Peptide affinity labeling of caspase-8 after Fas stimu-
lation. A, Jurkat cells were cultured in the presence or absence of 100
ng/ml anti-Fas IgM for 4 h followed by assessment of apoptosis by
staining with fluorescein isothiocyanate (FITC)-conjugated annexin V
and analysis by flow cytometry. Percentages of apoptotic cells are indi-
cated in parentheses. B and C, cell-free extracts, generated from control
or Fas-stimulated Jurkat cells as described in A, were affinity labeled
for the times indicated with either biotin-VAD-fmk (B) or biotin-YVAD-
cmk (C). Biotinylated proteins were captured on streptavidin-agarose,
and complexes were probed for caspase-8 or caspase-3 as shown. Inputs
represent 33% of the cell-free lysate volume that was used for the
affinity labeling reactions. Asterisks denote a nonspecific band detected
with anti-caspase-3 antibody. Results are representative of two sepa-
rate experiments.
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FIG. 3. Interchain proteolysis is sufficient to activate caspase-8. Jurkat cell-free extracts (200-!l reactions) were incubated at 37 °C in the
presence or absence of 100 nM granzyme B, or Cyt c/dATP, as indicated. After the 2-h incubation period, each reaction was divided into four aliquots
(50 !l each), and caspase-8 was immunoprecipitated using four different anti-caspase-8 mAbs, as indicated. The caspase-8 mAbs used were as
follows: Ab1, clone C15; Ab2, clone 12F5; Ab3, clone 5F7; and Ab4, clone 1C12. Caspase-8 immunocomplexes were washed three times, and aliquots
of each were used to assess the efficiency of caspase-8 immunoprecipitation (A), IETD-AFC hydrolysis activity (B), or proteolytic activity toward
35S-caspase-3 (D). A, immunoprecipitation of proteolytically processed caspase-8 after treatment with granzyme B or Cyt c/dATP. Caspase-8
immunocomplexes were also probed for the presence of coprecipitated FADD (middle panel) or caspase-3 (bottom panel). B, Jurkat cell-free extracts
were incubated for 2 h at 37 °C, in the presence or absence of granzyme B or Cyt c/dATP followed by immunoprecipitation of caspase-8 using
different caspase-8 mAbs, as detailed above. Caspase-8 immunocomplexes were then assessed for their ability to hydrolyze Ac-IETD-AFC as
described under “Experimental Procedures.” Results are representative of four separate experiments. Asterisks are as in Figs. 1 and 2. C, Jurkat
cell-free extracts were incubated for 2 h, either at 4 or at 37 °C as indicated, in the presence or absence of granzyme B followed by immunopre-
cipitation of caspase-8. Caspase-8 immunocomplexes were then assessed for their ability to hydrolyze Ac-IETD-AFC (hydrolysis assays were
carried out at 37 °C) as described under “Experimental Procedures.” Note that caspase-8 activity was seen only where granzyme B was incubated
with cell-free extracts at 37 °C. D, caspase-8 was immunoprecipitated (IP) from Jurkat cell-free extracts after treatment with granzyme B or Cyt
c/dATP, as indicated. Immunocomplexes were then washed and resuspended in CEB containing 35S-labeled procaspase-3. Reactions were then
incubated at 37 °C for 3 h followed by SDS-PAGE and fluorography for assessment of caspase-3 proteolysis. Results are representative of three
separate experiments.
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were incubated with biotin-VAD-fmk or biotin-YVAD-cmk to
label active caspases using the same procedures as before.
However, once again we found that only trace amounts of
caspase-8 could be labeled using this method (Fig. 2, B and C).
In contrast, active caspase-3 was labeled very efficiently in the
same samples (Fig. 2, B and C). These data strongly suggest
that biotinylated caspase substrate peptides preferentially la-
bel certain caspases (such as caspase-3) where a mixture of
different active caspases is present.

Because of the problems associated with peptide affinity
labeling as discussed above, we used a more direct approach to

assess the catalytic competence of caspase-8 after direct proc-
essing by granzyme B or caspase-6. Using a panel of caspase-8
mAbs, we immunoprecipitated caspase-8 from control, gran-
zyme B-treated, or Cyt c/dATP-treated cell-free extracts. As
illustrated in Fig. 3A, these antibodies immunoprecipitated
both the full-length caspase-8 zymogen as well as the proteo-
lytically processed form of this protease. Importantly, neither
FADD nor caspase-3 coprecipitated with caspase-8 under the
conditions used for immunoprecipitation (Fig. 3A). We then
assessed the ability of immunocaptured caspase-8 to cleave the

FIG. 4. Interchain proteolysis and induced proximity-driven
caspase-8 activation yield similar levels of catalytically active
caspase. A, Jurkat cells were cultured in the presence or absence of 100
ng/ml anti-Fas IgM for 4 h followed by assessment of apoptosis by
staining with fluorescein isothiocyanate (FITC)-conjugated annexin V
and analysis by flow cytometry. Percentages of apoptotic cells are indi-
cated in parentheses. Cell-free extracts were then generated from the
control and anti-Fas-stimulated cell populations. B, upper panel, Jurkat
cell-free extracts were incubated for 2 h in the presence or absence of
Cyt c/dATP followed by immunoprecipitation of caspase-8 and assess-
ment of Ac-IETD-AFC hydrolysis activity as described under “Experi-
mental Procedures.” Lower panel, caspase-8 was immunoprecipitated
from Jurkat cell-free extracts prepared from untreated versus anti-Fas
IgM-treated Jurkat cell populations as shown in A. Caspase-8 immu-
nocomplexes were then assessed for Ac-IETD-AFC hydrolysis activity.
Note that caspase-8 immunocomplexes were prepared from the same
volumes of cell-free lysates, with normalized protein concentrations, in
all cases.

FIG. 5. FADD is not required for granzyme B- or caspase-6-
initiated caspase-8 activation. A, cell-free extracts were generated
from wild type and FADD-deficient Jurkat cells. Equal amounts of
protein were loaded ("50 !g/lane), and lysates were probed for the
indicated proteins. B, FADD-deficient Jurkat cell-free extracts were
incubated at 37 °C in the presence or absence of 100 nM granzyme B, or
50 !g/ml Cyt c and 1 mM dATP, as indicated. Samples were removed at
the indicated time points and were subsequently analyzed for caspase-8
and caspase-3 processing status by Western blotting. C, caspase-8 was
immunoprecipitated (IP) from FADD-deficient Jurkat cell-free extracts
after treatment for 2 h at 37 °C with 100 nM granzyme B or Cyt c/dATP,
as indicated. D, caspase-8 immunoprecipitates were generated as de-
scribed in C were then assayed for Ac-IETD-AFC hydrolysis activity.
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caspase-8 preferred substrate, Ac-IETD-AFC. As Fig. 3B
shows, whereas immunocaptured procaspase-8 failed to display
any activity in this assay, proteolytically processed caspase-8
derived from cell-free extracts that had been incubated for 2 h
at 37 °C with granzyme B, or Cyt c/dATP, was catalytically
active. In contrast, caspase-8 immunoprecipitates generated
from cell-free extracts treated with granzyme B at 4 °C (where
granzyme B did not proteolytically process caspase-8) did not
display any IETD-AFC hydrolysis activity (Fig. 3C). The latter
result excluded the possibility that granzyme B was nonspe-
cifically captured during the caspase-8 immunoprecipitations
and contributed to the IETD-AFC hydrolysis activity seen.
Essentially similar results were observed using four different
caspase-8 antibodies, with granzyme B-mediated processing, or
Cyt c/dATP-stimulation, generating catalytically active
caspase-8 in all cases (Fig. 3B). Furthermore, caspase-8 immu-
nocaptured from granzyme B or Cyt c/dATP-treated extracts
also displayed proteolytic activity toward one of its natural
substrates, caspase-3 (Fig. 3D).

We also explored whether caspase-8 immunocaptured from
Fas-stimulated cells displayed enhanced catalytic activity com-
pared with caspase-8 captured from granzyme B- or Cyt
c/dATP-treated cell-free extracts. However, as Fig. 4 illus-
trates, similar rates of IETD-AFC hydrolysis were observed
irrespective of whether caspase-8 was immunoprecipitated
from cell-free extracts generated from anti-Fas-stimulated
cells, or Cyt c/dATP-treated cell-free extracts.

To determine whether the caspase-8 adaptor protein FADD
plays any role in the activation of caspase-8 in granzyme B- or
Cyt c/dATP-stimulated cell-free extracts, we used extracts gen-

erated from FADD-deficient Jurkat cells (Fig. 5 A; Ref. 17).
Similar to extracts derived from wild-type Jurkat cells, FADD-
deficient extracts readily supported granzyme B- or Cyt
c/dATP-induced caspase-8 proteolytic processing, as expected
(Fig. 5B). Moreover, immunoprecipitation of caspase-8 from
FADD-deficient extracts after treatment with granzyme B or
Cyt c/dATP yielded catalytically active protease (Fig. 5 C and
D). These data exclude the possibility that FADD plays a role
as a dimerization platform for caspase-8 in the context of gran-
zyme B- or caspase-6-initiated caspase-8 activation.

It has been reported that the inactive caspase-8 zymogen
exists primarily as a monomer (9). Because we observed that
caspase-8 acquired catalytic competence upon direct proteolytic
processing by granzyme B or caspase-6, we wondered whether
we could detect a shift of caspase-8 from a monomeric state to
a dimeric state under these conditions. To address this ques-
tion, we ran native PAGE of cell-free extracts that were either
untreated or were exposed to granzyme B or Cyt c/dATP to
initiate caspase-8 processing and activation. As Fig. 6A illus-
trates, no significant shift to a dimeric state was detectable
after proteolytic processing of caspase-8. In sharp contrast,
caspase-3 displayed a very significant increase in apparent
molecular mass in the same assay (Fig. 6A). However, it should
be noted that two bands of caspase-8-immunoreactive material,
which may represent dimeric or oligomeric forms of this prote-
ase, were seen under all conditions (Fig. 6A). This could indi-
cate that caspase-8 may exist in an equilibrium between a
monomeric and dimeric state even in healthy cells. Proteolytic
processing of the small fraction of preexisting dimers may
therefore liberate the catalytic activity of this enzyme. To ex-

FIG. 6. Effect of interchain process-
ing on caspase-8 monomer versus
dimer status. A, Jurkat cell-free extracts
were incubated for 2 h at 37 °C in the
presence or absence of 100 nM granzyme
B, or 50 !g/ml Cyt c and 1 mM dATP.
Cell-free reactions were then analyzed by
SDS-PAGE (top panels) or native PAGE
(bottom panels), in 10% acrylamide gels
followed by immunoblotting for caspase-3
or caspase-8, as indicated. Note that two
different caspase-8 mAbs gave essentially
identical results, as shown. Results are
representative of three independent ex-
periments. Arrows indicate putative di-
meric/oligomeric species. B, Jurkat cell-
free extracts were incubated for 1.5 h at
37 °C in the presence or absence of 100 nM
granzyme B, or 50 !g/ml Cyt c and 1 mM
dATP. Incubations were then continued
for a further 30 min at room temperature
in the presence or absence of 1 mM cova-
lent cross-linking agent bismaleimidohex-
ane (BMH). Cell-free reactions were then
analyzed by SDS-PAGE and probed for
caspase-8, as indicated. Note that two dif-
ferent caspase-8 mAbs gave essentially
identical results as shown. Results are
representative of three independent
experiments.
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plore further whether proteolytic processing of caspase-8 could
promote dimerization of this protease we also used a covalent
cross-linker, bismaleimidohexane (Fig. 6B). Using this ap-
proach, we again observed a small fraction of caspase-8-immu-
noreactive material that may represent dimeric or oligomeric
caspase-8 complexes even in control cell lysates. A small in-
crease in the abundance of these complexes was seen after
proteolytic processing of caspase-8 by granzyme B or caspase-6
(Fig. 6B). However, the majority of caspase-8 clearly remained
as a monomer (Fig. 6B).

DISCUSSION

The data presented herein argue that direct interchain pro-
teolysis of caspase-8 is sufficient to generate catalytically active
protease. Thus, the appearance of caspase-8-processing signa-
tures is a valid means of assessing caspase activation status in
the context of cytotoxic T lymphocyte/natural killer-mediated
killing or apoptosome-initiated caspase-8 activation. Based
upon native PAGE analysis and size exclusion chromatogra-
phy, it has been argued that caspase-8 exists primarily in
monomeric form within cells (9). If this is correct, our data
suggest that proteolytically processed caspase-8 may be active
as a monomer, or alternatively, that proteolysis of this enzyme
promotes dimer formation. In support of the latter view, it has
been found that substrate binding promotes formation of
caspase-8 dimers (10). Moreover, it has also been shown that
although recombinant caspase-8 autoprocesses and exists in an
equilibrium between dimers and monomers, noncleavable
caspase-8 exists predominantly ($97%) as a monomer. The
latter observation argues that proteolytic processing of
caspase-8 facilitates dimer formation. Thus, in the context of
granzyme B or caspase-6-mediated activation, caspase-8 mono-
mers may form dimers spontaneously upon proteolytic process-
ing to a two-chain enzyme. However, using native PAGE anal-
ysis as well as cross-linking experiments, we did not find
convincing evidence in support of the latter idea. Alternatively,
the proteolytic activity we observe in our experiments may be
the result of interchain proteolysis of a small proportion of
preexisting caspase-8 dimers in healthy cells. Indeed, native
PAGE and cross-linking experiments consistently detected
caspase-8-immunoreactive material running at a molecular
mass higher than expected in cell-free extracts derived from
healthy cells. Because we did not detect proteolytic activity
associated with procaspase-8 immunoprecipitated from ex-

tracts generated from viable cells, preexisting dimers, if pres-
ent, are catalytically inactive.

Although our data do not rule out the possibility that
caspase-8 may acquire catalytic competence in the absence of
proteolytic maturation in certain contexts, we show that en-
forced dimerization is not essential for caspase-8 activation.
Thus, there may be situations in which induced dimerization
may indeed be sufficient to achieve catalytic competence of
caspase-8, as proposed recently (9). However, notwithstanding
this possibility, our data argue that interchain proteolysis of
native caspase-8 is sufficient to drive activation of this caspase
and that a dimerization platform is not a prerequisite for acti-
vation of this protease.

Acknowledgments—We thank Prof. Gerry Cohen (University of
Leicester, UK) and Dr. John Blenis (Harvard Medical School) for pro-
viding FADD-deficient Jurkat cells. We also thank Dr. Guy Salvesen
and Dr. Doug Green for stimulating discussions.

REFERENCES
1. Martin, S. J., and Green, D. R. (1995) Cell 82, 349–352
2. Earnshaw, W. C., Martins, L. M., and Kaufmann, S. H. (1999) Annu. Rev.

Biochem. 68, 383–424
3. Nicholson, D. W. (1999) Cell Death Differ. 6, 1028–1042
4. Slee, E. A., Adrain, C., and Martin, S. J. (2001) J. Biol. Chem. 276, 7320–7326
5. Fischer, U., Janicke, R. U., and Schulze-Osthoff, K. (2003) Cell Death Differ.

10, 76–100
6. Salvesen, G. S., and Dixit, V. M. (1999) Proc. Natl. Acad. Sci. U. S. A. 96,

10964–10967
7. Boldin, M. P., Goncharov, T. M., Goltsev, Y. V., and Wallach, D. (1996) Cell 85,

803–815
8. Muzio, M., Chinnaiyan, A. M., Kischkel, F. C., O’Rourke, K., Shevchenko, A.,

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

9. Boatright, K. M., Renatus, M., Scott, F. L., Sperandio, S., Shin, H., Pedersen,
I. M., Ricci, J. E., Edris, W. A., Sutherlin, D. P., Green, D. R., and Salvesen,
G. S. (2003) Mol. Cell. 11, 529–541

10. Donepudi, M., Mac Sweeney, A., Briand, C., and Grutter, M. G. (2003) Mol.
Cell 11, 543–549

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

12. Medema, J. P., Toes, R. E., Scaffidi, C., Zheng, T. S., Flavell, R. A., Melief, C. J.,
Peter, M. E., Offringa, R., and Krammer, P. H. (1997) Eur. J. Immunol. 27,
3492–3498

13. Slee, E. A., Harte, M. T., Kluck, R. M., Wolf, B. B., Casiano, C. A., Newmeyer,
D. D., Wang, H. G., Reed, J. C., Nicholson, D. W., Alnemri, E. S., Green,
D. R., and Martin, S. J. (1999) J. Cell Biol. 144, 281–292

14. Cowling, V., and Downward, J. (2002) Cell Death Differ. 9, 1046–1056
15. Murphy, B. M., O’Neill, A. J., Adrain, C., Watson, R. W. G., and Martin, S. J.

(2003) J. Exp. Med. 197, 625–632
16. Martin, S. J., Amarante-Mendes, G. P., Shi, L., Chuang, T. H., Casiano, C. A.,

O’Brien, G. A., Fitzgerald, P., Tan, E. M., Bokoch, G. M., Greenberg, A. H.,
and Green, D. R. (1996) EMBO J. 15, 2407–2416

17. Juo, P., Woo, M. S., Kuo, C. J., Signorelli, P., Biemann, H. P., Hannun, Y. A.,
and Blenis, J. (1999) Cell Growth Differ. 10, 797–804

Interchain Proteolysis Is Sufficient for Caspase-8 Activation36922

 at IR
eL (Trinity C

ollege D
ublin), on January 18, 2012

w
w

w
.jbc.org

D
ow

nloaded from
 

http://www.jbc.org/

