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FIGURE 9. Procaspase-8 DED filaments are initiated focally by AIM2 inflammasomes. HEK293 cells were transfected with plasmids expressing either
Myc-tagged full-length procaspase-8 (PC8 FL) or V5-tagged procaspase-8 DEDs (PC8 DED:s) either alone or with plasmids expressing ASC and AIM2. Cells
were immunostained with anti-ASC (green) and either anti-Myc (red) or anti-V5 (red), and the nuclei were counterstained with DAPI (blue). Images were
acquired using a Personal DeltaVision Olympus IX71 inverted wide field deconvolution microscope. Two different images of inflammasomes with
procaspase-8 DEDs are shown, with the bottom panel obtained by maximum projection image processing. Scale bars, 10 and 5 um on normal and
enlarged panels respectively. In the immuno-EM image in the bottom right, HEK293 cells were co-transfected with plasmids expressing ASC, AIM2, and
HA-tagged procaspase-8. Ultrathin cryosections were immunogold-labeled with an anti-HA antibody followed by 10-nm protein A-gold. Sections were
viewed on a JEOL 1011 electron microscope. A section of a speck is shown, and regions at the periphery of the speck show labeled filamentous
projections (arrows). Scale bar (EM image), 500 nm. *, a central region of the speck. Arrowheads, 10-nm gold labeling along procaspase-8 filaments.

domains do not intermingle along the length of the filament.
Because only GFP-ASC PYD aggregates or full-length ASC,
which has a high tendency to aggregate, can induce pro-
caspase-8 DED filaments, ASC PYD must be self-associated in a
filament before it can induce procaspase-8 DED filaments. This
is in agreement with the events thought to take place in vivo
when an activated pattern recognition receptor, such as AIM2
or NLRP3, recruits ASC via its PYD and induces ASC filaments
that condense into a speck (12, 13, 15, 20-23, 25). A proposed
model for nucleation of a procaspase-8 DED filament by the
triple helical ASC PYD filament is presented in Fig. 10. In an
ASCPYD filament, type I interaction surfaces mediate interac-
tions between subunits in a helix, whereas type II and III inter-
action surfaces mediate interactions between the helices (20).
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Thus, the type Il and IIl interaction surfaces exposed at the end
of an ASC PYD filament are likely to play a major role in form-
ing a platform for recruitment of procaspase-8 via complemen-
tary sites. Homotypic type I interactions between adjacent
DEDs may then be favored, driving the filament to become a
pure DED oligomer. The structure of the DED filament is yet to
be described.

AIM2 PYD filament structures have recently been deter-
mined (16, 52). Models developed for inflammasome formation
suggest that oligomerization of AIM2 along DNA permits the
clustering of a small number of AIM2 PYD into very short fila-
ments that then nucleate ASC oligomerization. This is consis-
tent with the observation of AIM2 capping one end of ASC
filaments formed in vitro (20). Similarly, here ASC initiated
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FIGURE 10. Model to illustrate interaction of ASC PYDs and procaspase-8
DEDs. Shown is a flattened view of a proposed ASC PYD-procaspase-8 DED
filament to show the different types of death domain interactions. ASC PYDs
belonging to each strand of the triple helix are colored yellow, light green, or
dark green, whereas procaspase-8 tandem DEDs are colored pink. Our data
indicate that procaspase-8 DEDs are recruited to ASC PYD via the same type |,
II, and Ill interactions that mediate assembly of the ASC PYD triple helix, and
we hypothesize that the same interactions mediate assembly of the DED
filament. Type |, Il, and Ill interactions are indicated on domains at/near the
interface as thick black, blue, and orange lines, respectively. The model shows
how both DEDs of procaspase-8 can interact with ASC PYDs at the interface
between the filaments.

procaspase-8 filaments and capped one end. In both these
cases, the AIM2 or ASC cap formed only a short terminal sec-
tion of the filament. Together, these data are consistent with
filaments having a polarity that allows growth in one direction
only. Thus, we assume that during inflammasome formation, a
filament initiated by AIM2 PYD is continued by ASC PYD and
then procaspase-8 DEDs in a linear fashion. Here we found that
AIM2 with procaspase-8 DEDs in place of the normal AIM2
PYD still promoted formation of ASC specks. However, the
relatively low efficiency observed may be accounted for by
this DED-PYD interaction being of opposite polarity to the
physiological mode because ASC would normally recruit pro-
caspase-8 in the growing filament. Nevertheless, a degree of
functional substitution emphasizes the general conserved
nature of DED and PYD interactions.

Our finding that procaspase-8 filaments are induced at
inflammasomes, which have been shown to induce apoptosis
(8), suggests a role for filament formation in procaspase-8 acti-
vation and induction of apoptosis. The importance of pro-
caspase-8 dimerization for activation of its proteolytic activity
has been established, and roles for intradimer and interdimer
cleavage for procaspase-8 activation have been proposed (53,
54), but it is not clear how procaspase-8 is recruited and acti-
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vated at apoptosis-inducing signaling complexes. Procaspase-8
recruitment and activation have mostly been studied at the
death receptor-mediated death-inducing signaling complex
(DISC). One model proposed is of discrete DISC complexes
with intra-DISC and inter-DISC interactions important for
procaspase-8 activation and processing, whereas an alternate
model is a network linked together by ligand binding and/or
FADD self-association to form a honeycomb structure to which
procaspase-8 is recruited (35, 54—-57). However, recent co-im-
munoprecipitation studies of DISC complexes have revealed a
high stoichiometric ratio of procaspase-8 to the other compo-
nents of the DISC, leading to the proposal that procaspase-8
forms polymers at the DISC (37, 45). However, the nature of the
polymers was unclear. Furthermore, although previous studies
have shown that overexpression of procaspase-8 DEDs results
in the formation of filaments that recruit endogenous pro-
caspase-8 and induce apoptosis (46), the biological relevance of
these filaments to natural death-inducing complexes was not
clear. Our data demonstrate polymerization of procaspase-8
into filaments at an apoptosis-inducing complex and rational-
ize the relevance of both of these earlier findings. Furthermore,
because full-length procaspase-8 was more condensed at the
inflammasome compared with the DEDs alone, interfilament
interactions may be mediated by the catalytic domains. It is yet
to be ascertained whether interactions between catalytic
domains within a filament or between filaments mediate di-
merization and interdimer processing.

The effect of the cellular inhibitor of procaspase-8, cFLIP;
(cellular FLICE (FADD-like IL-1B-converting enzyme)-inhibi-
tory protein long form) (58), on procaspase-8 activation at the
inflammasome is yet to be tested. cFLIP, is also a tandem DED-
containing protein but has a catalytically inactive caspase-like
domain (59) and has recently been shown to promote activation
of caspase-1 by the AIM2 and NLRP3 inflammasomes (60). Its
function was attributed to interaction of the caspase-like
domain of cFLIP; with NLRP3 and AIM2. Given the interaction
of procaspase-8 DEDs with ASC, testing the interaction of
cFLIP DEDs with ASC may give additional insights into the
mode of cFLIP action at inflammasomes. Furthermore, because
the tandem DEDs of cFLIP are known to interact with pro-
caspase-8 DEDs (61), cFLIP may form a mixed filament with
procaspase-8 and could modulate activation.

In addition to its role in apoptosis, in some circumstances,
caspase-8 can mediate pro-IL-18 processing and is important
for NLRP3 inflammasome priming via TLR4 (Toll-like receptor
4) signaling (62—64). Intriguingly, caspase-8, together with
cFLIP, has a role in mediating cell survival via inhibition of
necroptosis, which is important for lymphocyte survival and
expansion (9, 65). Finally, caspase-8 is proposed to mediate
NF-«B activation in response to viral infections (66, 67). Thus,
caspase-8 is important for immune function and homeostasis.
The contribution of filament formation to these different func-
tions is yet to be elucidated. Inflammasome-mediated pro-
caspase-8 oligomerization and activation raise the possibility
that filament formation may be a requirement for caspase-8
activation in other apoptotic signaling platforms, such as the
DISC.
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