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“As we know, there are known knowns; there are things we know we know. We also know 

there are known unknowns; that is to say we know there are some things we do not know. 

But there are also unknown unknowns – the ones we don't know we don't know.” -Donald 

Rumsfeld

Necroptosis is a form of programmed cell death that is both mechanistically and 

morphologically distinct from apoptosis, the canonical mechanism of cell suicide. Though 

early descriptions of necroptosis date back decades, the last 5 years have seen a proliferation 

of studies of this process. This surge in interest has included the recent publication of several 

excellent, in-depth reviews of the literature[1-4]. Rather than contribute another summary to 

this well-summarized field, in this Minireview I will briefly discuss key recent findings, then 

touch on some of the major outstanding questions— the known unknowns—that remain.

 What’s the deal with necroptosis?

We used to think of cell death as a binary choice: cells could commit suicide via activation 

of the signaling pathways leading to apoptosis, or they could be killed “accidently” via the 

unprogrammed process of necrosis. However, in the last decade it has become clear that 

apoptosis is not the only means of programmed cell suicide. Other cell death programs exist, 

and that these programs rely on different mechanisms—and yield different outcomes in vivo
— than classical apoptosis.

Necroptosis is one such non-apoptotic form of programmed cell death; it takes its name 

from the morphological resemblance between necroptosis and unprogrammed necrosis[5]. 

(The suffix “-ptosis” has, somewhat nonsensically, been adapted to denote a cell death 

program, e.g. “pyroptosis,” “ferroptosis,” and so on.) More specifically, necroptosis is a 

form of programmed cell death carried out by the receptor interacting protein kinases 1 and 

3 (RIPK1 and RIPK3), and the pseudokinase mixed lineage kinases domain-like (MLKL).

Necroptosis, like unprogrammed necrosis, involves cellular swelling and the rupture of the 

plasma membrane, with concomitant release of cellular contents into the extracellular space. 

This makes it clearly distinct from apoptosis, which is mediated by the caspase proteases, 

and is characterized by nuclear condensation and the packaging of the dying cell into 

membrane-bound bodies that are readily cleared by phagocytes. The lytic nature of 

necroptotic cell death has also led to the hypothesis that cells dying by this process trigger 
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inflammatory responses in vivo. This is thought to be mediated by the release of “danger-

associated molecular patterns” (DAMPs)[6], a nebulous class of molecules whose release 

from damaged cells is read as a danger signal by responding immune cells; however, as 

discussed below, this idea remains controversial[7].

Consistent with an immune-activating role for necroptosis, this form of death can be 

triggered by several innate immune pattern-recognition receptors, and occurs in response to 

pathogen infection. Mice lacking RIPK3 or MLKL appear normal and viable, but display 

susceptibility to some viral infections; this is in contrast to mice lacking apoptotic mediators, 

many of which display defects in embryonic development and tissue homeostasis. These 

observations are consistent with the idea that apoptotic cell death is a developmentally 

programmed process required for organismal function, while necroptosis is an “emergency” 

program of defensive cell suicide that can be engaged to limit pathogen spread and promote 

inflammatory and immune responses.

 Initiation and execution of necroptosis

If RIPK3 activation defines necroptosis, what activates RIPK3? The best-studied RIPK3 

activator is RIPK1; both of these kinases contain small protein domains called rip homotypic 

interaction motifs (RHIMs), by which they interact[8,9]. RIPK1 is a well-described 

component of the NF-kB activation machinery downstream of receptors such as TNFR1, the 

TRAIL receptors, and Fas (also called CD95) as well as innate immune pattern recognition 

receptors like RIG-I. These platforms recruit and activate RIPK1 via its death domain (DD); 

once active, RIPK1 participates in the inflammatory transcriptional responses common to 

these signaling platforms. However, in certain cases (discussed below), active RIPK1 can 

also move into alternative protein complexes, where it can activate RIPK3 via RHIM-RHIM 

interactions, leading to necroptosis. Thus, TNF stimulation is widely used to study 

necroptotic responses. The pathway of TNF-driven necroptosis is summarized in Fig. 1.

The RHIM domain of RIPK3 represents the “handle” by which RIPK1 grabs and activates 

it; however, the adapter TRIF and the DNA sensor DAI also have RHIM domains, and these 

proteins are thus able to interact with RIPK3 even in the absence of RIPK1. TRIF is 

activated downstream of the toll-like receptors TLR3 and TLR4, while DAI senses infection 

by DNA viruses. These pattern-recognition receptors can recruit either RIPK1 or RIPK3 (or 

both) via their RHIM domains, and—unlike the RIPK1-activating receptors discussed above

—they can directly activate RIPK3 independent of RIPK11. In sum, RIPK3 activation 

happens via its RHIM domain, and there are three other proteins in the human proteome that 

share this domain and can thereby activate RIPK3: RIPK1, TRIF, and DAI[8-10]. The 

receptors and innate immune signals that activate these proteins can, therefore, trigger 

necroptosis.

Morphologically recognizable necroptosis—the swelling and rupture of the cell—is driven 

by the RIPK3-dependent phosphorylation and activation of the pseudokinase MLKL[11]. 

Activated MLKL multimerizes, and this exposes a motif at the proteins N-terminus[12]; this 

motif interacts with phosphatidylinositol phosphates (PIPs) within the plasma membrane, 

leading to its disruption and thus to loss of ion homeostasis, swelling, and cell death[13-15].
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 How does RIPK3 activation occur?

RHIM domains stack to form amyloid-like oligomers, and RHIM-driven oligomerization of 

RIPK3 is both necessary and sufficient for for its activation[16]. Studies using inducible-

interaction systems indicate that this may be because oligomerization allows sufficient 

density of RIPK3 kinase domains to promote intramolecular phosphorylation, which is 

required for MLKL recruitment[17-19]. However, the molecular details and structural 

underpinnings of these events remain obscure. How do phosphorylation events control 

RHIM-RHIM interactions? How does RIPK1 initiate RIPK3 activation during TNF-driven 

necroptosis, and how do the molecular interactions differ during RIPK1-independent 

activation of RIPK3 by TRIF or DAI? How does recruitment of RIPK1 to the latter 

complexes alter their function? As discussed below, RIPK1 may actually suppress RIPK3 

activation in some cases; it’s recruitment by RIPK3 may also promote other functions, such 

as cytokine production. Who phosphorylates whom within the RIPK1/3 complex, and how 

do inter- and intramolecular phosphorylation events unfold during oligomerization and 

activation of the RIPKs?

 How is MLKL-mediated cellular destruction controlled?

Active MLKL translocates to the cell membrane, where it interacts with PIPs to trigger 

membrane permeabilization, cellular swelling, and death. This mechanism of cell death 

execution is strikingly different to the protease-dependent effects of both apoptotic and 

pyroptotic caspase activation. How are the steps between MLKL activation and cell death 

regulated? Are these events entirely the result of MLKL-lipid interactions, or do additional 

regulatory mechanisms—such as membrane protein interaction partners, or anti-necroptotic 

MLKL phosphatases—also contribute? Furthermore, how does activated MLKL affect other 

cellular membranes? MLKL localization to mitochondria, ER, Golgi and lysosomes has 

been reported[13], though what effect MLKL might have on these organelles remains 

unknown; for example, while it is clear that mitochondria don’t contribute to the execution 

of necroptosis[20], their disruption my MLKL during necroptosis could alter the nature of 

the cell death by modulating immunogenicity or tissue damage[21]. Finally, we still lack a 

detailed understanding of the decisions points in the necroptotic program, i.e. the “point of 

no return” during RIPK3 and MLKL activation. One can envision a scenario in which 

MLKL forms a limited number of pores in the cell membrane, sufficient to alter cellular ion 

homeostasis or promote intake or secretion of material without triggering irreversible cell 

death. Can a cell survive limited MLKL activation? What cellular programs might act to 

limit the size or lethality of pores formed by activated MLKL? If MLKL can alter cellular 

membranes without killing a cell, what effect might this have on other signaling pathways 

such as inflammasome activation or cytokine secretion?

 Regulation of necroptosis: caspase-8, FLIP, IAPs, RIPK1 and other 

players

While the discussion above describes TNF and TLR ligands as inducers of necroptosis, in 

reality in most contexts these signals drive inflammatory cytokine production rather than 

rapid cell death. This is because necroptosis is held in check by the action of the pro-
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apoptotic protease caspase-8, a role clearly demonstrated by the rescue of embryonic 

lethality of caspase-8−/− mice by concurrent ablation of RIPK3[22,23]. Caspase-8 interacts 

with its paralog cFLIP to mediate this function, and the cFLIP/caspase-8 complex is 

recruited to the RIPK1/RIPK3 containing necrosome via interactions mediated by the 

adapter protein FADD[22]. Confusingly, TNF and TLR ligation can also trigger caspase-8-

mediated apoptosis, notably when NF-kB-mediated cFLIP upregulation is prevented (Fig.1). 
As discussed below, the molecular details of these interactions remain murky.

In addition to—or, more probably, in concert with—the anti-necroptotic function of 

caspase-8/cFLIP, the cellular inhibitor of apoptosis proteins (cIAPs) also exert a key check 

on the activation of necroptosis. The cIAPs are E3 ubiquitin ligases with complex roles in 

numerous cellular processes, including both canonical and non-canonical NF-kB activation. 

In addition to these functions, the cIAPs are able to mediate the proteasome-dependent 

degradation of active RIPK1/3 complexes, thereby blocking the execution of 

necroptosis[24-26]. The related molecule XIAP was recently shown to also participate in 

suppression of necroptosis, in a manner than involved its E3 ligase domain[27], though 

molecular details remain sketchy (Fig.1).

Recent work has added further to the complexity of these regulatory mechanisms by 

identifying RIPK1 as a context-specific suppressor of necroptosis. Unlike caspase-8/RIPK3 

double-knockout mice, RIPK1 knockout or caspase-8/RIPK1 double-knockout animals die 

shortly after birth. However, additional ablation of RIPK3, to make caspase-8/RIPK1/RIPK3 

triple knockouts, rescues the viability of these animals[28-30]. The implication of this 

finding is that caspase-8/RIPK1 double-knockout mice die due to aberrant RIPK3 

engagement following birth. Thus, while RIPK1 is required for RIPK3 engagement 

downstream of the TNF receptor, it can also exert a suppressive effect on RIPK3 at steady 

state. The details of how RIPK3 is engaged in the absence of RIPK1 and TNF signaling 

remain poorly understood, though signaling by type-I interferons has been 

implicated[28-31]. Notably, while RIPK1 knockout mice die perinatally, mice expressing 

catalytically inactive RIPK1—which supports the NF-kB-activation function of RIPK1 but 

cannot activate RIPK3—are viable[32,33]. Further, these mice display notable resistance to 

TNF-driven septic shock and inflammatory disease models, beyond that observed with 

RIPK3 knockouts. Consistently, cells lacking RIPK1 display increased susceptibility to 

multiple inducers of both necroptotic and apoptotic cell death, while cells containing kinase-

dead or inhibited RIPK1 are strongly resistant to these stimuli. This indicates that kinase-

dead (or inhibitor-bound) RIPK1 exerts a dominant-negative suppressive function, possibly 

through recruitment of the caspase-8/FLIP complex to the RIPK3-containing 

necrosome[17]. These suppressive functions make RIPK1 an attractive clinical target for the 

mitigation of inflammatory syndromes and septic shock.

Beyond the functions caspase-8, RIPK1 and the cIAPs, additional regulators of necroptosis 

have recently been described. The phosphatase Ppm1b was shown to directly 

dephosphorylate RIPK3, thereby reducing both spontaneous and TNF-mediated necroptosis 

and preventing TNF-induced septic shock[34]. On the other side of the balance, a chaperone 

complex composed of HSP90 and CDC37 was recently shows to associate with RIPK3 and 

potentiate its activation[35]. Interestingly RIPK1 is a known client of the HSP90 chaperone 
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complex, raising the possibility or broader regulatory functions of this chaperone complex. 

Future studies will reveal the mechanisms by which these novel regulatory events are 

themselves regulated, and the physiological contexts in which they are engaged.

 How does caspase-8 cooperate with the IAPs to suppress necroptosis?

While it’s clear that both caspase-8 and the IAPs—including both cIAP1/2 and XIAP—

suppress RIPK3 activation, it’s less clear how this suppression occurs. In particular, the 

specific substrates for caspase-8 within the necrosome complex are not well understood. 

Both RIPK1 and RIPK3 can be cleaved by caspase-8[36-38]; however, it has not been 

clearly demonstrated that non-cleavable forms of one or both of these enzymes mimic 

caspase-8 deficiency. Further, while it’s clear that the cIAPs and XIAP can mediate 

ubiquitin-proteosome dependent degradation of activated necrosome complexes, it’s not 

clear how this activity is regulated, or what substrate within that complex is required for this 

suppressive activity. An attractive possibility is that the caspase-8/cFLIP complex and the 

cIAPs cooperate in this capacity; indeed, cFLIP is itself a labile protein, and it has been 

proposed as a target for cIAP-mediated degradation[24,25]. However, we still lack an 

understanding of how RIPK oligomerization or kinase activity may potentiate these 

suppressive functions to negatively regulate necroptosis.

 How is the activity of caspase-8 directed?

Caspase-8 has a curious dual function; it induces extrinsic apoptosis, but also suppresses 

necroptosis. This duality can be partially explained by its interactions with cFLIP: caspase-8 

homodimers are thought to drive apoptosis, while caspase-8/cFLIP heterodimers mediate 

survival signaling by suppressing necroptosis. This idea is supported by cellular studies: loss 

of FLIP sensitizes cells to TNF-induced apoptosis and eliminates the ability of caspase-8 to 

block necroptosis[22]. However, this duality is not supported by the biochemical activities of 

the homo- vs. heterodimeric complexes, as ligand-induced formation of either complex can 

trigger potent apoptosis[39]. Furthermore, there is not a major alteration of substrate 

preferences between these complexes that could explain their divergent functions. How 

cFLIP is able to suppress or re-direct the activity of caspase-8 to prevent necroptosis without 

triggering apoptosis is therefore likely to involve additional factors. Prevention of access to 

pro-apoptotic substrates, altered sub-cellular localization, or degradation of active caspase-8 

(perhaps in concert with RIPK degradation, as speculated above) could all play roles in this 

process.

 How do the RIPKs promote apoptosis?

A further wrinkle in the dichotomy between apoptosis and necroptosis is added by the 

finding that a specific mutation in RIPK3 (D161N in the mouse) abrogates its kinase 

activity, but promotes caspase-8 and RIPK1-dependent apoptosis[40]. Mice expressing this 

mutant form of RIPK3 undergo embryonic lethality with the same kinetics and tissue 

involvement as caspase-8 knockouts. Thus, RIPK3D161N and caspase-8−/− mice presumably 

engage the same TNF-dependent pathway during development, but in the former mouse this 

results in caspase-8 dependent apoptosis, while in the latter it triggers RIPK3-driven 

necroptosis. Furthermore, a small-molecule RIPK3 inhibitor was found to confer this 

caspase-activating property to both wild-type and catalytically inactive (K51A) mutant 
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RIPK3[41]. This may be due to conformational changes triggered by mutation or inhibition 

of RIPK3, leading to defective necroptosis but stabilization of the caspase-8/RIPK1/RIPK3 

complex, caspase-8 activation within this complex, and apoptosis. More confusing still, it 

was found that cFLIP is required for apoptosis within this complex. CFLIP thereby plays 

opposite roles in controlling caspase-8 dependent apoptosis in response to TNF (where it is 

inhibitory) and in the chemically-stabilized RIPK1/3 complex (where it is an obligate 

partner of caspase-8 in the induction of apoptosis.) Oddly, in all cases caspase-8 or 

caspase-8/FLIP engagement requires the same adapter, FADD[41]. An understanding of how 

these disparate outcomes can be driven by the same proteins in different cellular contexts 

will require a more complete structural and biochemical understanding of these complexes.

 Necroptosis in vivo

The preceding discussion of the suppressive mechanisms preventing necroptosis raises an 

obvious question: If caspase-8 and the IAPs effectively prevent necroptosis in most contexts, 

when might it occur physiologically? Indeed, the majority of studies of the necroptotic 

pathways have relied on either genetic ablation or chemical inhibition of caspase-8 or the 

IAPs; TNF in combination with the caspase inhibitor zVAD and/or IAP inhibitors such as 

the compound BV6[42] are commonly employed. So when does this pathway fire in normal 

cells in vivo?

One condition in which necroptosis is clearly engaged physiologically is during DNA virus 

infection. In this context, necroptotic death of infected cells benefits the host, possibly by 

removing the viral niche or by promoting anti-viral immune responses to infected cells (or 

both). The presence of viral necroptosis inhibitors is clear evidence of the importance of this 

pathway: the herpesviruses murine cytomegalovirus (MCMV) and herpes simplex virus 

(HSV) both encode RHIM domain-containing inhibitors of RIPK1/3 signaling. Ablation of 

these inhibitors yields robust necroptosis following infection in vitro, and RIPK3-dependent 

attenuation of viral replication in vivo[43-46]. At least in the context of MCMV, this is 

driven by viral engagement of the DNA sensor DAI, which itself contains a RHIM domain. 

Notably, both MCMV and HSV also encode caspase-8 inhibitors. This has led to the 

hypothesis that suppression of caspase-8-mediated apoptosis by these and other viral 

proteins may have led to evolution of the necroptotic pathway as a “trap door” to cell 

death[47]. In this scheme, the necroptotic pathway would act as a fail-safe, a form of death 

to be engaged in case the standard extrinsic apoptotic pathway is blocked. This idea has been 

tested, at least in vitro, using vaccinia virus (VV) infection. VV encodes a caspase inhibitor 

called B13R, and infection with wild-type, but not B13R-mutant, VV sensitizes cells to 

TNF-driven necroptosis[48]. Notably, RIPK3−/− mice are acutely susceptible to VV 

infection, consistent with engagement of necroptosis acting to prevent viral replication and 

control infection[49].

Other physiological roles for the pathways of necroptosis are less well-defined. 

Fascinatingly, TNF-mediated sterile septic shock appears to engage necroptosis, as RIPK3-

deficient mice or animals expressing a kinase-dead version of RIPK1 are resistant to this 

stimulus[33,50]. How necroptosis is engaged by TNF administration, in the presence of 

intact caspase-8 and IAP-mediated suppression of RIPK3, is not clear. Beyond this model, 
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detrimental roles for RIPK signaling have been defined in other inflammatory settings, such 

as ischemia-reperfusion in the kidney[51], myocardial infarction[52], atherosclerosis[53], 

non-alcoholic steatohepatitis[54] and multiple sclerosis[55]. Together, these observations 

point to the idea that engagement of necroptosis evolved to promote beneficial inflammation 

during immune responses to pathogens, but that this pathway can be aberrantly engaged to 

drive inflammatory pathologies.

 Where does necroptosis occur?

A major question in the context of both viral infection and septic shock models is: which 

cells are responsible for the observed effects? Most in vitro work has used a limited subset 

of cell types (transformed cell lines, primary MEFs or macrophages), and it is clear that cells 

of different origins have distinct susceptibility to necroptosis. Indeed, a major challenge in 

the field has been the lack of a robust method to identify necroptotic cells in vivo. While 

staining for cleaved caspase-3, or TUNEL techniques, are routinely used to identify 

apoptotic cells in primary tissues, comparable reagents are only now becoming available to 

find necroptotic cells[13,56]. Applying these tools, along with recently-developed 

conditional expression systems[57], to models in which RIPK3-dependent effects have been 

observed in vivo, will yield important information on how necroptosis occurs in living 

tissue.

 Do RIPK3 or MLKL engagement have outcomes beyond necroptosis?

RIPK1 can drive necroptosis, but it also plays a key role in the NF-kB transcriptional 

response. This dual functionality of RIPK1 has been thought to depend on its ubiquitination 

state, with K63- and linear ubiquitin conjugation at the TNFR1 complex associated with 

transcriptional NF-kB activation and deubiquitination required for necrosome formation. 

Interestingly, a recent report showed that RIPK1 can undergo non-degradative ubiquitination 

within the necrosome complex, implying that this complex may itself be able to drive 

inflammatory transcription in some cases[58]. Recent work has found a death-independent 

role for RIPK3 in DC-driven inflammation and tissue repair in models of DSS-induced 

colitis[59]. Other studies have found unexpected links between RIPK3 and activation of 

inflammasomes[60-62]. These effects are likely mediated by caspase-8, though reports 

conflict on how this prototypical apoptotic caspase interacts with the inflammatory 

caspases-1 and −11 (or −4 and −5 in humans) to drive IL-1β processing[63].

The definition of MLKL as an obligate downstream effector of RIPK3-driven necroptosis 

presents an important tool, as comparison between RIPK3 and MLKL-deficient animals may 

yield insight into death-independent functions of RIPK3. As discussed above, it also remains 

to be seen whether MLKL has additional functions beyond RIPK3-driven membrane 

disruption. Identification of additional regulators of MLKL function may be required to 

tease apart this question.

 Is necroptosis tumor suppressive?

Apoptotic death of damaged or transformed cells is a key mechanism of tumor suppression, 

and evasion of apoptosis is a classical hallmark of cancer. It is notable, however, that nearly 

all transformed cell lines commonly employed in the laboratory do not express RIPK3. A 
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recent study demonstrated that this lack of RIPK3 is mediated by promoter methylation, and 

can be restored by demethylating agents[64]. However, why RIPK3 is broadly lost in tumor 

cells remains unclear; could necroptosis be engaged during transformation, or by DNA 

damage, to limit tumor initiation or progression? DNA-damaging chemotherapeutics have 

been reported to trigger necroptosis by promoting cIAP degradation[25,64]. This work raises 

the possibility that re-activation of RIPK3 expression could act to retard tumor growth or 

improve chemotherapeutic responses. However, RIPK3-deficient mice do not display overt 

susceptibility to cancer, though the responses to these mice to carcinogen-mediated or 

genetic cancer models have not been reported.

 Does it matter how cells die?

Necroptosis is an important part of the innate immune response to DNA viruses. But, in this 

context does necroptosis cause inflammation, and if so does this contribute to the immune 

response to pathogens? Or, is elimination of infected cells the key, and necroptosis is simply 

a means of achieving this when apoptosis is blocked? If cell death pathways could be re-

wired such that apoptotic stimuli instead engaged necroptosis and vice-versa, what would be 

the effect during development and infection? As mentioned above, necroptosis and apoptosis 

are morphologically distinct processes, and the lytic nature of necroptosis has led to the 

hypothesis that it is an intrinsically inflammatory form of cell death. On the other hand, 

recent work has pointed out that inflammatory cytokine production stimulated by TLR or 

TNFR1 engagement in living cells is a much more potent mediator of inflammation than 

necroptotic cell debris generated by killing cells through these signaling pathways[7]; in 

essence, necroptosis may act to terminate inflammatory transcription programs.

These thought-provoking findings do not countenance the presence of pathogens within 

dying cells. It may be that necroptotic death of infected cells is uniquely able to drive 

recruitment of inflammatory immune cells or promote the presentation of antigen derived 

from necroptotic cells to the adaptive immune system; in effect, necroptotic cell death could 

act as an endogenous adjuvant. Seemingly countering this idea, mice lacking RIPK3, or even 

RIPK1, RIPK3 and caspase-8, demonstrate intact cross-priming of CD8 T cell responses to 

necroptosis- and apoptosis-inducing mutants of MCMV[30]. However, these mice also fail 

to control viral infection, such that viral loads are higher in these knockouts than in wild-

type animals. Thus, increased viral loads may drive inflammatory signals that compensate 

for the lack of necroptosis-mediated inflammation and promote immunity in this 

context[65].

The debate over the inflammatory nature of necroptosis has focused on the release of 

DAMPs by this form of death; however, as discussed above there are likely non-death 

functions of the core necroptotic machinery, and most physiological inducers of necroptosis 

are themselves able to drive inflammatory transcription. It may therefore be the case that 

physiological necroptosis involves the coordination of transcriptional and cell death 

programs, and that this combination yields a unique immune signature. Lurking in the wings 

of this discussion is the phenomenon of pyroptosis, another pathogen-driven form of lytic 

cell death, associated with IL-1β and IL-18 processing in macrophages. How immune 
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responses to necroptosis and pyroptosis differ remains an unexplored question, complicated 

by recently described cross-talk between these two pathways[60-62].

 So…what’s the deal with necroptosis?

Despite an explosion of interest in necroptosis it is obvious that many key questions remain. 

A parting shot: Why does necroptosis work this way? That is, why is caspase-8, a well-

described member of the apoptotic machinery, required for survival due to the suppression 

of another cell death program? And what are we to make of MLKL-mediated membrane 

permeabilization as a means of cell death execution, when it differs so completely from the 

protease-dependent mechanisms of apoptosis and pyroptosis? Why did evolution favor this 

arrangement?

An intriguing clue to the evolutionary origins of this pathway may lie in the observation that 

Drosophila encode RHIM-like domains within proteins involved in innate sensing of 

peptidoglycans, in a kinase called IMD that also contains a death domain (like RIPK1), as 

well as in the NF-kB component Relish[1]. Notably, Relish is cleaved and activated by a 

Drosophila caspase-8 homologue Dredd. Thus, the fly has a kinase and caspase-containing 

complex that can be activated by pathogen-associated molecules, and whose interactions are 

mediated by RHIM and death domains, a situation clearly evocative of the mammalian 

necrosome. However, this pathway is not associated with death in the fly; instead, it drives 

Relish-mediated inflammatory signaling in response to bacterial cell wall components. 

Mammalian NF-kB does not share the requirement for caspase-mediated proteolysis 

observed in Drosophila, but could links between the necrosome and inflammatory 

transcription remain in mammals? Indeed, an unexpected role for caspase-8 in LPS-

mediated pro-IL-1β expression was recently described[66]. But understanding how evolution 

may have reconfigured the Drosophila IMD pathway into the mammalian necroptotic 

machinery will require understanding of these pathways in additional evolutionary 

intermediates.

Ultimately, while I’ve described some of the Known Unknowns within this field, many of 

the most fascinating aspects of necroptotic signaling likely remain Unknown Unknowns. 

And for a researcher, that is a tantalizing state of affairs.
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Fig. 1. TNF-driven necroptosis
The TNFR1-driven pathway is depicted here, though the regulatory mechanisms shown 

generally apply to Fas, TRAIL receptor, and TLR-driven necroptosis. TNFR1 ligation 

triggers formation Complex I, which includes RIPK1 and cIAP1/2. Phosphorylation and 

ubiquitination events within this complex lead to canonical NF-kB activation. RIPK1 

deubiquitination leads to its egress from complex I and formation of secondary complexes in 

the cytosol. The necrosome is among these. In the necrosome, RIPK1 interacts with RIPK3 

via the RHIM domain (green) shared by both proteins. This interaction promotes reciprocal 

phosphorylation and RHIM-driven oligomerization. However, RIPK1 can also interact with 

a complex containing caspase-8 and FLIP, which suppresses necrosome formation. 

Caspase-8/FLIP are recruited via their death effector domains (DEDs, in orange) to the 

adapter FADD, which interacts with RIPK1 via its death domain (DD, red). The necrosome 

is also inhibited by the IAPs (both cIAP1/2 and XIAP) via their E3 ubiquitin ligase activity, 

though the molecular details of this regulation are not fully understood. Necrosome 

assembly promotes phosphorylation and activation of the pseudokinase MLKL, which 

translocates to and disrupts cellular membranes. This leads to cellular swelling and 

necroptosis.
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