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Necroptosi

• Il termine indica una morte necrotica «programmata»

• La necroptosi è generalmente il risultato di segnali di 
morte sia intra- che extracellulari associati ad un blocco 
dell’apoptosi

• La morfologia della cellula che va in necroptosi è 
identica alla necrosi

• Necroptosi è importante per attivare l’infiammazione, per 
avere un’adeguata risposta al patogeno o per avere 
un’azione anti-tumorale

• La necroptosi, come la necrosi, rilascia DAMP (Damage-
Associated Molecular Patterns) che attivano 
l’infiammazione
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Fig. 3. Processing and substrates of procaspase-8 homodimers and 

procaspase-8/FLIP(L) heterodimers. (A) Homodimerization is initially 

mediated via homotypic DED interactions. Within a homodimer, the 
caspase-8 catalytic domains are arranged in an antiparallel fashion. This 

creates an enzymatic active site, which can then cleave adjacent 

homodimers in the region between large (p18) and small (p10) catalytic 
subunits. This cleavage enables the second activation step to take place, 

which is intradimer cleavage in the linker region between p18 and the 

DEDs. The p18/p10 heterotetramers that are formed can be released 
from the complex and activate apoptosis by cleaving procaspases-3/7 

and BID. (B) Formation of a heterodimer between the (pseudo)catalytic 

regions procaspase-8 and FLIP(L) is energetically favorable compared 
with caspase-8 homodimers. This promotes formation of a 

FLIP(L)/caspase-8 heterodimeric enzyme that can efficiently cleave 

adjacent procaspase-8 homodimers between their large and small 
catalytic subunits, thereby promoting processing of these homodimers. The 

heterodimer also cleaves adjacent heterodimers and RIPK1. The lack of 

critical cysteine in FLIP(L)’s ‘active site’ and lack of a suitable target site for 
caspase-8 in the region between FLIP(L)’s DED2 and p20 subunit prevent 

intradimer cleavage of the heterodimer, which is therefore retained in the 

complex.
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Eterodimero procaspasi 8-FLIP(S)

(Elaborazione personale)

FLIP(S)

• Qual è la correlazione tra sovraespressione di FLIP(L) e maggiore malignità del tumore,

inducendo esso l’apoptosi? A che fine le cellule tumorali selezionano un meccanismo che ne

causa la morte?

(Le citazioni sono da Smyth et al (2020) FLIP(L): the pseudo-caspase, FEBS J. doi:10.1111/febs.15260)

In recent years, a number of models of DISC assembly have been proposed. In 2012, it was reported

simultaneously by two groups that FADD and FLIP are highly substoichiometric at the DISC relative to

procaspase-8, and it was subsequently proposed that the DISC is composed of DED chains in which

procaspase-8 is the predominant protein. In a further development, cryo-EM studies suggested that

individual DED chains interact with one another to form helical filaments. It was later proposed that

recruitment of FLIP(S) into procaspase-8 DED chains terminates the chains and thereby limits

procaspase-8 activation, whereas FLIP(L) promotes DED-mediated procaspase-8 oligomerization

and thereby promotes caspase-8 activation. However, an apoptosis-promoting function for FLIP(L)

is at odds with a number of siRNA-based and overexpression studies, which indicate an anti-

apoptotic function. Our recent alternative model suggests the existence of shorter procaspase-

8/FLIP tandem DED chains linking FADD molecules attached to adjacent DR trimers. This model can

explain the ability of FLIP(L) to both activate and inhibit DISC-mediated apoptosis; as depending on

the levels of procaspase-8 and FLIP(L) in the short chains, there are two potential scenarios:

• Apoptosis inhibition: High levels of FLIP(L) will result in a predominance of FLIP(L)/procaspase-8

heterodimers; therefore, the lack of procaspase-8 homodimers will prevent sufficient processing of

procaspase-8 to its apoptosis active heterotetramer.

• Apoptosis activation: Low levels of FLIP(L) will result in a predominance of procaspase-8

homodimers; in this scenario, the FLIP(L)/caspase-8 heterodimer can promote the rate-limiting first

cleavage step of adjacent procaspase-8 homodimers and thereby promote apoptosis induction.
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We have recently defined the stoichiometry of FLIP(L):procaspase-8 at the DISC at which these two

opposing functions operate. Generally, total cellular levels of procaspase-8 exceed those of FLIP(L)

even in cancer cells which have elevated FLIP expression; however, FLIP DISC recruitment is more

efficient.

At low levels of receptor activation, the number of DISCs formed will be low and there will

therefore be a predominance of heterodimers (FLIP(L):procaspase-8 ratio ~ 1 : 1) and apoptosis will

be inhibited (scenario 1).

At high levels of receptor activation, FLIP(L) levels will become depleted relative to the more highly

expressed procaspase-8 (FLIP(L):procaspase-8 ratio << 1 : 1) and there will therefore be a

predominance of homodimers, the activation of which will be accelerated by corecruited

heterodimers (scenario 2).

Thus, FLIP(L) acts in what could be considered a classic pseudoprotease manner at the DISC,

functioning to regulate the rate and extent of activation of the protease from which it evolved.

The picture is much simpler for FLIP(S) and FLIP(R) as they form inactive heterodimers with

procaspase-8, and so act as straightforward inhibitors of procaspase-8 processing and apoptosis

induction.

In pratica

• Alti livelli di FLIP(L) (1:1 con procaspasi-8)  inibizione dell’apoptosi;

• Bassi livelli di FLIP(L) (<< 1:1 con procaspasi-8)  attivazione dell’apoptosi.

FLIP(L)

CYLD
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Vie di segnale indotte dai «recettori di morte»

• Dopo il legame del ligando (TNFα), i recettori trimerici
(TNFR1) reclutano specifiche proteine adattatrici (TRADD, 
TRAF2) a formare un complesso (TNFR1 complex I) che 
include cIAP1, cIAP2, RIP1K   

• Le cIAP1, cIAP2 sono ubiquitin ligasi che ubiquitinano
RIPK1 (M1,K63) permettendo il docking di TAK e TAB2/3, 
che porta ad attivazione della via canonica di NFkB

• Se la cellula produce cylindromatosis D (CYLD), che è 
un de-ubiquitinasi, RIPK1 viene deubiquitilata permettendo 
la formazione del necrosoma, in cui viene reclutata 
RIPK3 e la caspasi 8 (inattiva)

RIPK1

• Proteina critica per la necroptosi

• Proteina di 74 kDa, RIP1 ha un Death Domain (DD) al C-
terminale

• Al N-terminale dominio Ser/Thr chinasi

• Un dominio intermedio critico per l’interazione con NFkB

• Il dominio intermedio contiene anche un RIP homotypic
interaction motif (RHIM) che permette il legame con 
RHIM di RIP3 per attivare la necroptosi

• Necrostatin-1 (Nec-1) è una molecola di sintesi che 
inibisce RIP1
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Ripoptosoma 

• In seguito a diminuzione delle cIAP1 e cIAP2 (ad esempio 
per un danno genotossico) si creano le premesse per la 
formazione del ripoptosoma formato fa RIPK1, FADD, 
caspasi 8 e cFLIP

• Se nel complesso c’è la forma cFLIPL si attiva caspasi 8 
che degrada RIPK1 e si attua l’apoptosi

• Se nel complesso c’è la forma cFLIPS RIPK1 non viene 
degradato, si associa con RIPK3 e si attiva la necroptosi

Non dipende 
da RIPK1
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