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Abstract

Caspase-8, FADD, and FLIP orchestrate apoptosis in response to death receptor ligation.
Mysteriously however, these proteins are also required for normal embryonic development and
immune cell proliferation, an observation that has led to their implication in several non-apoptotic
processes. While many scenarios have been proposed, recent genetic and biochemical evidence
points to unregulated signaling by the receptor interacting protein kinases-1 (RIPK1) and RIPK3
as the lethal defect in caspase-8, FADD and FLIP deficient animals and tissues. The RIPKSs are
known Killers, being responsible for a non-apoptotic form of cell death with features similar to
necrosis. However, the mechanism by which caspase-8, FADD, and FLIP prevent runaway RIPK
activation is unknown, and the signals that trigger these events during development and immune
cell activation remain at large. In this review, we will lay out the evidence as it now stands,
reinterpreting earlier observations in light of new clues and considering where the investigation
might lead.

Prologue: A mysterious death

(The curtain rises on a death that has long been unexplained.) In the simple arithmetic of
multicellular life, the number of cells in a tissue is the difference between cells that arise by
division and/or differentiation, and those that die. Therefore, apoptosis has a fundamental
role in normal development and homeostasis, and perturbations of the players in the cell
death pathways generally have effects that follow from their roles. Ablation of pro-apoptotic
genes tends to promote cell accumulation, autoimmunity, and/or oncogenesis, while loss of
anti-apoptotic genes leads to attrition and degeneration. Some examples are provided in
Figure 1A.

For over a decade, though, one set of molecules in an apoptotic pathway have presented a
deep paradox: knockout of the initiator caspase-8 (Varfolomeev et al., 1998), its adapter
molecule FADD (Yeh et al., 1998), or the caspase-like regulatory molecule FLIPL (herein,
FLIP) (YYeh et al., 2000) produces a fully penetrant embryonic lethality around e10.5,
associated with a failure to develop vascularization of the yolk sac. This effect cannot be
readily attributed to a loss of cell death, and has led to the idea (supported by in vitro
experiments, conditional knockouts, and transgenic expression of dominant negative forms)
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that these molecules function in other processes essential to development, including cell
cycle (Alappat et al., 2005; Hua et al., 2003; Kay, et al., 1998; Zhang et al., 2001), NF-kB
activation (Golks et al., 2006; Kataoka and Tschopp, 2004; Lemmers et al., 2007; Su et al.,
2005), cell adhesion(Rytomaa et al., 1999; Stupack et al., 2001), cell migration (Barbero et
al., 2008; Barbero et al., 2009; Helfer et al., 2006; Senft et al., 2007), and suppression of
inflammation (Kovalenko et al., 2009; Rajput et al., 2011).

Recently, however, another view has emerged that may force a re-evaluation of these
alternative roles for FADD, caspase-8, and FLIP: mice lacking both caspase-8 and another
protein, RIPK3, develop normally and are born at mendelian frequency (Kaiser et al., 2011;
Oberst et al., 2011). Similarly, mice lacking both FADD and still another protein, RIPK1,
develop normally as well (these mice tend to die perinatally, an effect also seen in RIPK1
single knockouts) (Zhang et al., 2011). At the very least, we can conclude that whatever
caspase-8 and FADD (and possibly, FLIP, by extension) do to preserve embryonic
development, the lethal effects of their ablation is inexorably tied to the functions of these
kinases (see Figure 1B). Our play begins.

Act I. The players are introduced

In its inactive pro-form, caspase-8 is a monomer, with a large prodomain containing two
“death fold” interaction regions called Death Effector Domains (DED), followed by what
will be the large and small subunits of the mature enzyme; these are separated by linker
regions containing sites at which the caspase can auto-cleave (see Figure 2A). When two
pro-caspase-8 molecules are dimerized at their prodomains, the enzyme is activated, and
cleavage between the subunits stabilizes the active form. Non-cleavable caspase-8 (mutated
at the cleavage sites) can be made to be enzymatically active by enforced dimerization in
kosmotropic salts (Boatright et al., 2003) but N-terminal dimerization of such noncleavable
caspase-8 does not induce enzymatic activity in normal salts, nor does it trigger apoptosis in
cells (Hughes et al., 2009; Oberst et al., 2010).

FLIP resembles caspase-8 and may have arisen following a duplication of the caspase-8
gene, but lacks a catalytic cysteine (Figure 2B). Although initially thought to act as a
dominant negative version of caspase-8 (Irmler et al., 1997), dimerization of caspase-8 and
FLIP in kosmotropic salts induces catalytic activity (Boatright et al., 2004; Micheau et al.,
2002), and N-terminal dimerization in normal salts induces enzymatic function not only of
native caspase-8 but also that of noncleavable mutants (Pop et al., 2011). Thus, the
heterodimer of caspase-8 and FLIP is enzymatically active. However, under physiological
conditions, this enzymatic complex does not induce apoptosis, either due to subtle
differences with the caspase-8 homodimer in terms of substrate specificity (Pop et al., 2011)
or its location in the cell (e.g. (Gonzalvez et al., 2008; Koenig et al., 2008)).

Physiologically, assembly of caspase-8 or caspase-8-FLIP is mediated by the adapter
molecule, FADD, which interacts with either player via its own DED. This only occurs
when FADD is itself bound and oligomerized by molecules interacting with a second region
of FADD containing another death fold, the Death Domain (DD); such proteins do so via
their own DDs.

Such DD-containing, FADD-binding proteins include the death receptors of the TNFR
superfamily, including TNFR1, CD95, and the TRAIL receptors (Wilson et al., 2009). When
bound by their ligands, these recruit and oligomerize FADD, which in turn oligomerizes
caspase-8 and FLIP, inducing enzymatic activity. If FLIP is present, formation of the hetero-
forms appears to be dominant, and apoptosis does not occur (e.g., (Irmler et al., 1997). If
FLIP is absent, however (discussed in more detail below) then FADD engages caspase-8
and apoptosis ensues (Micheau et al., 2001).
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Other proteins also appear to recruit FADD, and in turn, caspase-8 and FLIP. FADD is
bound by the autophagy ATG5-12 protein (Pyo et al., 2005), polyglutamine repeat protein
aggregates (Sanchez et al., 1999), and by the DD of RIPK1 (Micheau and Tschopp, 2003;
Wang et al., 2008); the latter two have also been shown to lead to activation of caspase-8
(the RIPK1-FADD interaction is further discussed below).

Act Il. An assembly of life and death

In the specific case of TNFR1, signaling induced by receptor ligation is more complex than
we have described (this may also apply to other death receptors in some cases, although less
is known about these). Ligation of TNFR1 induces recruitment of two ubiquitin ligases,
TRAF2 and clAP1, and the binding of an adapter molecule, TRADD (the latter via a DD-
DD interaction). RIPK1 is recruited, and the complex is modified by a complex series of
ubiquitination events carried out by both the IAPs (Bertrand et al., 2008; Varfolomeev et al.,
2007; Vince et al., 2007) and by the linear ubiquitin assembly complex (LUBAC), which
generates linear ubiquitin linkages (Haas et al., 2009; Ikeda et al., 2011; Tokunaga et al.,
2011; Tokunaga et al., 2009). The resulting linear ubiquitin recruits the IKK complex via
NEMO/IKKYy, leading to NF-«B activation (although the role of RIPK1 in NF-«xB activation
is controversial (Wong et al., 2010)). NF-kB then induces the expression of FLIP (Micheau
et al., 2001). This NF-xB (and other signal)-inducing complex is referred to as Complex |
(Micheau and Tschopp, 2003).

RIPK1 is then de-ubiquitinated by the enzymes Cezanne (Enesa et al., 2008) and CYLD
(Wang et al., 2008), and the complex of TRADD and RIPK1 moves to the cytosol as
Complex 1. FADD is recruited to TRADD (by a DD-DD interaction), which, in turn, binds
caspase-8, and FLIP. In the absence of NF-kB function, or if protein synthesis is inhibited,
FLIP is not produced, and this complex triggers apoptosis (Micheau and Tschopp, 2003).

A third complex can also form (Complex I1b) in which RIPK1 directly oligomerizes FADD
(through DD-DD interactions) to recruit caspase-8 and FLIP (Wang et al., 2008). It is
possible that this RIPK1-mediated complex forms in response to other signals, such as
extensive DNA damage (Biton and Ashkenazi, 2011). Under some conditions, recruitment
of caspase-8 to this complex can trigger apoptosis. However, de-ubiquitinated RIPK1 can
also recruit RIPK3; the two proteins interact via RHIM domains in both molecules (Cho et
al., 2009). This can lead to necrotic cell death, as we will see.

In addition to these TNF-dependent RIPK1 containing complexes, two recent studies
identified a RIPK1-containing complex dubbed the “ripoptosome” that forms independently
of receptor ligation (Feoktistova et al., 2011; Tenev et al., 2011). This complex is proposed
to be antagonized by the ubiquitin ligase activity of clAP1 and clAP2, and can therefore
form spontaneously when the clAPs are down-regulated, either by specific small-molecule
inhibitors or by genotoxic stress. The spontaneously formed RIPK1-FADD complex may be
recruited to any of several signaling platforms—the RHIM-containing toll-like receptor
(TLR) adapter protein TRIF, for example—to activate either caspase-8 or RIPK3.

The complex protein-protein interactions, via death folds (the common structure that
includes DD and DED) occur in multi-tiered hexagonal arrays involving multiple interfaces
(Salvesen and Riedl, 2009). Thus, several different molecules assembled through such
interactions in complexes I, 11, and Ilb are likely to involve variable (and complicated)
stoichiometries that almost certainly dictate different biological outcomes.
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Act lll. Enter the RIPper

As we have seen, activation of caspase-8 homodimers downstream of death receptor ligation
triggers apoptosis. It was therefore surprising when it was found that inhibition of caspases
can promote a necrotic form of cell death upon ligation of CD95(Scheller et al., 2002) or
TNFR1(Vercammen et al., 1998b), and further, that this necrotic death depends on the
function of RIPK1(Vanden Berghe et al., 2004). Subsequently, an inhibitor of RIPK1 kinase
activity, necrostatin-1, was identified which strikingly inhibits necrosis engaged by
inhibition of caspases and ligation of death receptors(Degterev et al., 2008).

This RIPK-dependent necrosis can be observed in the presence of caspase inhibitors in
response to other signaling events, including T cell activation (Kennedy et al., 1999) and
Toll-like receptor (TLR) ligation(Feoktistova et al., 2011). In addition, the DNA-sensing
protein, DAL, recruits RIPK1 and RIPK3(Rebsamen et al., 2009), and while its ability to
promote RIPK-dependent necrosis has not been explored, it is possible that it functions in
the RIPK3-dependent necrotic response to viral infection (Upton et al., 2010).

Further, it was found that in addition to RIPK1, RIPK3 activity is also required for necrosis
in response to TNFR1 or viral infection(Cho et al., 2009; He et al., 2009; Zhang et al.,
2009). RIPK1 and RIPK3 associate through RHIM domains in both proteins (unlike RIPK1,
RIPK3 does not posses a DD). The model therefore emerges that RIPK1 activation in
complex Ilb leads to RIPK3 activation, which in turn causes necrotic cell death. This
necrotic form of cell death is antagonized by caspase-8, which is recruited by FADD; FLIP
is also required for this anti-necrotic activity, as we discuss below.

The formation of complex I1b depends on de-ubiquitination of RIPK1 by CYLD (Wang et
al., 2008), and CYLD is also required for TNF-induced RIPK-dependent necrosis
(O’Donnell, et al., in press). However, any requirements for the complex ubiquitination
events that occur in Complex | (see Act 1) are currently unexplored.

It is not clear, however, how RIPK1 and RIPK3 interact to promote necrotic cell death.
RIPK3 has been suggested to activate RIPK1 by phosphorylation (Cho et al., 2009), and
death induced by RIPK3 dimerization appears to depend on RIPK1. However, in response to
some viral infections, RIPK3 promotes death in the absence of RIPK1 (Upton et al., 2010).

The mechanism of cell death induced by RIPK1-RIPK3 is even less clear. ROS (Lin et al.,
2004; Vercammen et al., 1998a), perhaps as a result of activation of NADPH-oxidase 1
(NOX1) (Kim et al., 2007), has been implicated, but attempts to block death with ROS
scavengers (He, et al., 2009) or NOX1 inhibition (Kim et al., 2007) have been unimpressive.
Similarly, several metabolic enzymes were identified as RIPK3 substrates, but again, their
roles in cell death have been elusive (i.e., knock down of these enzymes did not
convincingly prevent death) (Zhang et al., 2009). Another candidate is the mitochondrial
enzyme cyclophilin D (CYPD), implicated in ischemic injury and required for the
mitochondrial permeability transition (Baines et al., 2005). However, inhibition of CYPD
did not block RIPK-dependent necrosis in vitro (He et al., 2009) and while proliferation of T
lymphocytes lacking caspase-8 was rescued by deletion of RIPK3, no proliferation was
observed in cells lacking both caspase-8 and CYPD (Ch’en et al., 2011). Thus, while RIPK1
and RIPK3 are implicated in necrosis, the actual “executioner” remains elusive.

As mentioned in the prologue, cells lacking caspase-8 (or FADD) display abnormalities not
necessarily associated with necrosis. For example, cell migration of fibroblasts in vitro is
impaired in cells lacking caspase-8 (Helfer et al., 2006; Senft et al., 2007), and this has been
tied to defects in RAC1 activation. Based on the embryonic results, it is not unlikely
(although currently untested) that such effects are mediated by RIPK1 and RIPK3. It is
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possible that the mechanisms by which these RIPKSs inhibit cell movement and promote
necrosis are related.

Act IV. A death averted

Restoration of catalytically active, but not inactive, caspase-8 restores resistance to TNFR-
induced necrosis in cells (Oberst et al., 2011) and preserves embryogenesis in mice (Kang et
al., 2008). Clearly, then, the catalytic activity of caspase-8 prevents cell death (and perhaps
other effects) mediated by RIPK1 and RIPK3. But now we have another problem: How can
caspase-8 do this without itself triggering apoptosis?

Several clues lead to an answer to this riddle. A noncleavable mutant of caspase-8
effectively rescues caspase-8 deficient cells (Oberst et al., 2011) and mice(Kang et al.,
2008), but we know that this mutant does not form stable, active dimer and does not
promote apoptosis (Oberst et al., 2010). It does, however, become stably catalytic when
associated with FLIP (see Act I). Thus, it may be that it is caspase-8-FLIP heterodimers and
not caspase-8 homodimers that block RIPK-necrosis. Indeed, evidence supports this view in
the case of TNFR signaling: 1. Cells in which caspase-8-induced apoptosis is blocked by
Bcl-xL activate caspase-8 but nevertheless undergo RIPK-dependent necrosis in the absence
of FLIP (Oberst et al., 2011), and 2. The pox virus serpin CrmA prevents caspase-8-
dependent apoptosis in T lymphocytes (Smith et al., 1996) and fibroblasts (Oberst et al.,
2011) without promoting necrosis; CrmA preferentially inhibits caspase-8 homodimers over
caspase-8-FLIP activity (Oberst et al., 2011). Therefore, the caspase-8-FLIP complex is
responsible for blocking RIPK-dependent necrosis, and does so without engaging apoptosis.
This satisfactorily accounts for the shared lethal phenotypes of FADD, caspase-8, and FLIP
knockout mice (see Prologue).

This also establishes relative levels of caspase-8, RIPK3, FLIP and FADD as critical
regulators of both the apoptotic and necrotic pathways of cell death. When FLIP, FADD or
caspase-8 is absent, unchecked RIPK3 activation can trigger necrotic cell death; if RIPK3 is
absent (as it is in some cell types), limited FLIP levels can be permissive for apoptotic
activation of caspase-8. This cell fate equilibrium likely extends beyond death receptor
signaling (Feoktistova et al., 2011; Tenev et al., 2011). The RIPK1-containing complex Ilb
may represent a signaling “module” that can be recruited to other signaling platforms, such
as TRIF or the DNA sensor DAL, both of which interact with RIPK1.

When caspase-8-FLIP is active, the RIPK1-RIPK3 signaling is suppressed, but exactly how
this occurs is not definitively known. Both RIPK1 and RIPK3 can by cleaved by caspase-8
(Feng et al., 2007; Rebe et al., 2007), and cleavage of RIPK1 by the caspase-8-FLIP
complex has been observed both in vitro and in cultured cells (Feoktistova et al., 2011; Pop
et al., 2011). This may explain the effect, but there are other possibilities. The deubiquitases
Cezanne and/or CYLD are required for RIPK1 activity leading to necrosis, and CYLD
contains a caspase-8 cleavage site. Expression of CYLD, mutated at this site, yields cells
that undergo necrosis despite caspase-8 and FLIP (O’Donnell, et al., 2011), and thus this
may be a key substrate of the inhibitory caspase-8-FLIP activity. The proposed functions of
caspase-8-FLIP in blocking RIPK-dependent necrosis are outlined in Figure 3.

Alternatively, it is possible that the proteolytic activity of caspase-8-FLIP results in rapid
degradation of the complex and the associated RIPK molecules. Indeed, cleavage of FLIP
has been shown to result in degradation of the complex (Feokistova, et al., 2011). The role
of FLIP cleavage in control of RIPK-dependent necrosis has not been explored, however.

Lurking in the wings is a protease known as MALT1/paracaspase whose job is to regulate
NFkB signaling downstream of B and T cell receptors. Targets for MALT1 include the
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ubiquitin editors A20 and CYLD (Coornaert et al., 2008; Staal et al., 2011) and one wonders
what we can learn by comparing the biological functions of MALT1 (which is, interestingly,
an “Argase” not an “Aspase”) with caspase-8. There is even a claim that MALT1 can
heterodimerize with caspase-8, raising the intriguing notion that this complex regulates
necrosis in lymphocyte activation (Kawadler et al., 2008). The role of specific proteolysis in
survival signaling may go beyond caspase-8-FLIP.

In humans, a kindred with an inactivating mutation in the caspase-8 gene has been described
(Chun et al., 2002), raising the possibility that human embryogenesis proceeds
independently of caspase-8. It is possible, however, that the closely related caspase-10
(expressed in humans and other vertebrates but not in rodents) is also recruited by FADD
(Sprick et al., 2002), and effectively blocks the lethal effects of RIPK1 and RIPK3 in
humans (in association with FLIP?) This idea is complicated by the observation that
differentiation of human villous trophablast, in vitro, appears to require caspase-8 (Black et
al., 2004), although the roles of RIPK1 and RIPK3 in this setting have not yet been
explored.

Interlude: Lymphoaccumulative disease in caspase-8-RIPK3 double
knockout mice

While mice lacking caspase-8 and RIPK3 develop normally, they display a profound
lymphoaccumulative disease as adults, and this is ultimately lethal (Kaiser et al., 2011;
Oberst et al., 2011). This disease closely resembles that of mice and humans lacking CD95
or its ligand (Rieux-Laucat et al., 1995; Takahashi et al., 1994; Watanabe-Fukunaga et al.,
1992) and involves accumulation of a B220*, CD3*, CD4~, CD8™~ T cell population. In both
C57BI/6 and 129 backgrounds, however, CD95 deficiency results in a milder disease than
that observed in the caspase-8-RIPK3 double knockout mouse (although the latter was on a
mixed C57BI/6-129 background). It is possible that the effect in the double knockout may be
a consequence not only of defective CD95-induced apoptosis (to which these mice are
resistant (Oberst et al., 2011)) but also that of other death receptors. Indeed, deficiency in
both CD95L and TRAIL results in exacerbated disease(Sedger et al., 2010). More extensive
genetic analyses would be required to test this possibility.

Further, while deletion of caspase-8 only in T cells of RIPK3-null mice similarly results in
this lymphoaccumulative disease (Ch’en et al., 2011), conditional deletion of CD95 only in
wild type T cells on the same background does not (Hao et al., 2004). This, then, represents
a mini-mystery that remains unresolved (and as we will seg, it is one of many).

Act V. Identifying the killer

Here we return to our main mystery, the one that drives the story: Why do mice lacking
caspase-8, FADD, or FLIP fail to develop beyond e10.5?

In the initial characterization of the FADD knockout, compelling data in blastocyst chimeras
mapped the defect to the heart (Yeh et al., 1998). Subsequent studies with conditional
knockouts, however, found that deletion of caspase-8 in the heart produced no lethality,
while deletion in endothelium (using CRE driven by the TIE1 promoter) phenocopied the
embryonic lethality (Kang et al., 2004).

These apparently contrasting results can be reconciled. During embryogenesis, a stem cell
precursor of blood and endothelium arises in the embryonic aorta (around e9) and migrates
to the yolk sac (Boisset et al., 2010). Deletion of the angiopoietin receptor TIE2 (Sato et al.,
1995), or angiopoietin-1 (Suri et al., 1996) causes defective yolk sac vascularization and
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€10.5 lethality. Therefore, while not proven, it seems likely that it is this precursor
population that is compromised by RIPK1-RIPK3 in caspase-8, FADD, or FLIP knockouts.

While we may therefore have a victim, we do not have a Killer, the signal responsible for
engaging the players (FADD, caspase-8, FLIP, RIPK1, and RIPK3, at least). There are
suspects, however.

First, there is TNF. Without FADD, caspase-8, or FLIP, TNF kills cells expressing RIPK3
(and RIPK3 is widely expressed in hematopoietic cells, and thus, perhaps, in our victim
(Newton et al., 2004)). But we may have a problem with convicting this suspect: mice
lacking elements of the NF-«xB pathway die during development as a consequence of TNF-
induced liver destruction (Li et al., 1999; Tanaka et al., 1999) (probably as a consequence of
failed FLIP expression), but this does not occur until e12.5-e15 (dependent on the
knockout). But if TNF were the killer in our mystery (perhaps a serial killer?) then the NF-
kB pathway knockout mice should phenocopy the 10.5 lethality, and they clearly do not.
We may have to let TNF go (but we will be watching—it remains possible that TNF acts in
concert with other ligands of death receptors).

As an aside, the late lethality in the NF-kB pathway knockouts poses another problem: What
induces the expression of FLIP, clearly required for survival beyond €10.5? We have only
hints. The transcription factor, FOXO1, can induce FLIP expression (Park et al., 2009), and
deletion of FOXO1 causes lethality at e10.5 with features of our mystery (Hosaka et al.,
2004). Perhaps whatever induces FOXO1 also triggers RIPK-dependent lethality? In any
case, the evidence is circumstantial, and we have no culprit.

Another suspect is autophagy, perhaps via ATG5-12 and its association with FADD? While
not proof of innocence, proliferation of T cells lacking caspase-8 is not rescued by deletion
of ATG7, required for ATG5-12 generation (Ch’en et al., 2011). It may be that autophagy is
off the hook as the killer.

Other suspects lurk in the shadows: TRIF (and TLR signaling), and the DNA sensor DA,
but we have insufficient reason to implicate them, and no evidence to hold them. Further
complicating the case, the apparently spontaneous formation of a lethal RIPK1-FADD
complex independent of receptor platforms (Feoktistova et al., 2011; Tenev et al., 2011)
leaves our killer very much at large.

And thus we are left in the final, post-modern finale. No Killer in tow, and the suspects
celebrating with winks and nods. And one final note, delivered at the denouement: why is
the system built this way? What does it do? Why are FADD and caspase-8-FLIP vitally
linked to a lethal system in embryogenesis? What are they protecting us from? We have
reached, not the end, but the conclusion. Curtain.
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Figure 1.

(A) Schematic of apoptotic death pathways. Extrinsic signals through death receptors like
CD95 or intrinsic signals that activate pro-apoptotic Bcl-2 members like Bid and Bim lead
to activation of downstream effector caspases (caspase-3). Loss of pro-apoptotic molecules
lead to a range of phenotypes including embryonic lethality associated with exencephaly
(caspase-9, APAF-1, or caspase-3 knockouts), and lymphoaccumulative and autoimmune
disorders (CD95/CD95L or Bim knockout mice). (It should be noted, however, that while
cells lacking downstream elements of the mitochondrial pathway do not undergo apoptosis
via this route, cells may nevertheless die by a caspase-independent mechanism).
Additionally, animals deficient in certain pro-apoptotic molecules (i.e. Bim or Bax
knockouts) display enhanced oncogenesis. Cells from animals where pro-apoptotic proteins
are deleted are generally resistant to apoptosis, while cells from animals missing anti-
apoptotic proteins (such as Bcl-2 and Bcl-xL) have increased sensitivity to apoptotic stimuli.
(B) Ablation of Caspase-8 leads to embryonic lethality circa e10.5. The simultaneous
deletion of Caspase-8 and RIPK3 or FADD together with RIPK1 rescue embryonic
development, suggesting that FADD and Caspase-8 act in concert to provide survival signals
which may inhibit RIPK function during development.
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Figure 2.

(A) Caspase-8 consists of a prodomain, followed by the large and the small protease
subunits, separated by linker regions. The prodomain has two death “folds” named Death
Effector Domains (DEDs, light blue), through which caspase-8 is recruited and dimerized.
Upon dimerization, Caspase-8 become proteolytically active and processes itself in specific
cleavage sites present in the linker regions. The cleavage between the large and small
subunit contributes to the stabilization of the molecule and is essential to induction of cell
death but is dispensable for RIPK-necrosis inhibition. (B) FLIP has a similar structure than
Caspase-8, but lacks the catalytic cysteine. Although it can act as a dominant negative for
caspase-8-induced death when overexpressed, FLIP acts in concert with Caspase-8 to inhibit
RIPK-induced necrosis.
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Caspase-8-FLIP complex blocks RIPK-dependent necrosis, although the precise mechanism
behind this inhibition is still unknown. RIPK1 and RIPK3, as well as upstream
deubiquitinase CYLD, are caspase-8 cleavage targets, suggesting that cleavage of any of
these proteins might be critical for necrosis inhibition. However, as little is known about
what is downstream RIPK1/RIPKS3 activation, other targets for caspase-8 may yet be
implicated.
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