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Apoptosis is an important mechanism that regulates cellular populations to maintain homeostasis, and 
the caspases, a family of cysteine proteases, are key mediators of the apoptosis pathway. Caspase-8 
is an initiator caspase of the extrinsic apoptotic pathway, which is initiated by extracellular stimuli. 
Caspase-8 have two conserved domains, N-terminal tandem death effector domains (DED) and C-ter-
minal two catalytic domain, which are important for this extrinsic apoptosis pathway. In extrinsic 
apoptosis pathway, death receptors which members of TNF superfamily are activated by binding of 
death receptor specific ligands from cell outside. After the activated death receptors recruit adaptor 
protein Fas-associated death domain protein (FADD), death domains (DD) of death receptor and 
FADD bind to each other and FADD combined with death receptor recruits procaspase-8, a precursor 
form of caspase-8. The DED of FADD and procaspase-8 bind to one another and FADD-bound procas-
pase-8 is activated by cleavage of the prodomain. This death receptor-FADD-caspase-8 complex called 
death inducing signaling complex (DISC). Cellular FLICE-inhibitory proteins (c-FLIPs) regulate cas-
pase-8 activation by acting both anti- and pro-apoptotically, and caspase-8 activation initiates the acti-
vation of executioner caspases such as caspase-3. Finally activated executioner caspases complete the 
apoptosis by acting critically DNA degradation, nuclear condensation, plasma membrane blebbing, 
and the proteolysis of certain caspase substrates. 
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Extrinsic apoptosis pathway

The term apoptosis was first proposed by Kerr, Wyllie, 

and Currie in 1972, who suggested a mechanism of pro-

grammed cell deletion complementary to mitosis that regu-

lates animal cell cell populations [19, 20]. Since then, several 

other types of programmed cell deaths such as pyroptosis 

and necroptosis have been defined [7, 44]. However, apopto-

sis is the most studied type of programmed cell death.

Apoptosis is important for maintaining cellular homeosta-

sis and plays critically important roles during devel-

opmental and disease processes, especially in cancer and 

neurodegenerative diseases. Apoptosis occurs via two path-

ways, that is intrinsic and extrinsic pathways [41]. Intrinsic 

apoptosis is initiated by cellular stress, such as that caused 

by critical DNA damage, and occurs via the mitochondrial 

pathway, whereas extrinsic apoptosis is initiated by ex-

tracellular death signals and does not require mitochondrial 

pathway activation [17].
 

Extrinsic apoptosis is triggered when death receptors are 

bound by specific ligands. These receptors are members of 

the tumor necrosis factor (TNF) receptor superfamily, which 

contains tumor necrosis factor (TNF) receptor-1, CD95 (Apo- 

1 and Fas), DR4, and DR5 (TRAIL-R1 and -R2) and are char-

acterized by a similar cytokine-rich extracellular domain.
 

One example of the ligand binding death receptors is pro-

vided by binding between Fas ligands and Fas receptors. 

Examples of FasL/FasR and TNF-α/TNFR1 pathways are 

provided in Fig. 1 [1, 38, 43]. This ligand binding at death 

receptors leads to caspase activation, which eventually leads 

to apoptosis [41]. 

Features of Caspase-8 

Caspases are a family of cysteine proteases, which cleave 

substrates at aspartic acid residues, from which the term 

“caspase” was derived [33]. Caspases are divided into in-

flammatory caspases which include caspase-1, -4, and -5, and 

apoptotic caspases like caspase-2, -3, -6, -7, -8, -9, and -10 
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Fig. 1. Extrinsic apoptosis signaling pathway. In this schematic, 

the death receptor is Fas or TRAIL receptor. The ligands 

of Fas and TRAIL receptor are Fas ligand and TRAIL. 

Other death receptors follow more complex pathways. 

Ligands bind to death receptor and the cytosolic death 

domain of death receptor binds to the death domain of 

FADD. The death effector domain of FADD then inter-

acts with the death effector domain of procaspase-8, and 

FADD bound procaspase-8 is processed by autoproteol-

ysis to activated caspase-8, which activates procaspase-3 

and leads to apoptosis.

Table 1. Classification of caspases

Apoptosis
Inflammation

Initiator Executioner

Caspase-2

Caspase-8

Caspase-9

Caspase-10

Caspase-3

Caspase-6

Caspase-7

Caspase-1

Caspase-4

Caspase-5

Caspase-12

Depending on function, caspases are classified apoptosis cas-

pases and inflammation caspases. And Apoptosis caspases div-

ided two types: Initiator caspases and Executioner caspases. 

Initiator caspases can activate executioner caspases. All caspases 

entered are human caspases.

(Table 1) [5, 28]. The apoptotic caspases are vital mediators 

of apoptosis and are classified as initiator or executioner 

caspases. Caspase-8 (also known as FLICE) is an initiator 

caspase [2, 7], and when active activates effector caspases. 

Caspase-8 functions primarily in the extrinsic apoptotic 

pathway [39] but has also been shown to play roles in sev-

eral non-apoptotic processes [27]. 

As its name implies, procaspase-8 is a precursor of cas-

pase-8, and is 55 kDa long and possesses two DEDs which 

are pro-domain at its N-terminal and C-terminal two proteo-

lytic domains. And two proteolytic domains are composed 

of large subunit p18 and small subunit p12 [26](Fig. 2A). 

Caspase-8 is complexed with zymogen in cytosol [22], but 

during apoptosis, caspase-8 is sequentially activated by pro-

teolysis at aspartic acid residues.

Mature caspase-8 is a heterotetramer consisting of two 

large subunits and two small subunits generated from two 

separate procaspase-8 molecules. Activation of procaspase-8 

is initiated by its separation into large and small subunits, 

which is followed by separation of the large subunit and 

its prodomain [3, 46].

Structure analysis DISC formation 

Extrinsic apoptosis is initiated by the formation of death 

receptor-FADD-caspase-8 complex (DISC) as a result of ex-

tracellular stimulation (Fig. 1), and all three of these compo-

nents of DISC are essential for its activity [30]. Although 

DISC formation also depends on death receptor, in this re-

view we describe the FasL/FasR and TNF-α/TNFR1 models 

[31]. 

The first step of DISC formation involves death receptor 

activation, which is induced by its binding a receptor-specific 

ligand. After ligand binding, activated death receptor re-

cruits other death receptors to form a homotrimer.

In the second step, the trimerized death receptors recruit 

the adapter protein FADD, which is a cytosolic adaptor pro-

tein essential for apoptotic signaling by death receptors. 

FADD has two highly conserved domains, that is, an N-ter-

minal DED and a C-terminal DD [2](Fig. 2A). The DDs of 

death receptors and FADD are homotypic proteins that bind 

together in cytosol. The DDs of death receptor are cytoplas-

mic domains composed of about 80 amino acids that play 

key roles in the transmission of death signals from cell surfa-

ces to intracellular signaling pathways [7]. When FADD 

binds to trimerized death receptor it causes a conformational 

change that exposes its DED, which binds caspase-8 [14, 23]. 

The third step involves the recruitment of procaspase-8 

by the DED of FADD and their interaction. Procaspase-8 

binds to the exposed DED of death receptor-associated 

FADD through a pocket in its first DED to form DISC. 

Oligomerization then ensues via an interaction between a 
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Fig. 2. Structural analysis of FADD, caspase-8, and c-FLIP. Domain structures of FADD, caspase-8, c-FLIPL, c-FLIPs, and c-FLIPR. 

FADD consists of DED and DD. (A) Caspase-8 and c-FLIPL each possess tandem DEDs and two catalytic domains. c-FLIPS 

and c-FLIPR both consist of a tandem DED and a short tail domain. (B) The dimeric structure of the tandem DED of caspase-8 

(residues 1-188; PDB ID: 4ZBW). (C) The interaction between c-FLIPL and caspase-8. The two proteins bind each other’s 

catalytic domains (residues c-FLIPL: 209-480, caspase-8: 217-479; PDB ID: 3H11). 

pocket in the second DED of the first caspase-8 and the first 

DED of the second caspase-8 molecule. This process con-

tinues with successive interactions to produce filaments [6, 

10]. Finally, cleavage of these filaments stabilizes and re-

leases active caspase-8 dimers into the cytosol, which initiate 

apoptosis by processing target proteins [18, 42].

During the process of procaspases dimerization, procas-

pase-8 undergoes a conformational change and forms an ac-

tive center of procaspase-8a/b, which is auto-catalytically 

cleaved by proteolysis to produce the active caspase-8 heter-

otetramer 2p10 and 2p18 [12].

In an investigation of the structure of the tandem DED 

of caspase-8, researchers demonstrated the dimeric structure 

of two caspase-8 tandem DED domains (Fig. 2B). The DEDs 

of the caspase-8 N-terminal were found to compose an α 

helical fold, in which they were closely associated with each 

other to form a dumbbell-shaped structure. The crystal struc-

ture of caspase-8 DEDs was solved as a dimer in the asym-

metric unit. The proteolytic domain of the C-terminal of cas-

pase-8 is composed of six β strands and five α helices [35] 

(Fig. 2C).

Therefore, in extrinsic apoptosis pathway, procaspase-8 

dimerization and filamentation are important process to 

progress the apoptotic pathway. Thus, mutation of DEDs of 

procaspase-8 can affect procaspase-8 dimerization and for-

mation of filament. Mutations inhibiting the dimerization of 

the DEDs such as F122A/I128D or F122A/N168R mutations 

prevent the dimerization and formation of cellular death ef-

fector filaments (DEFs) and the induced apoptosis by overex-

pressed DEDs. In addition, these mutations also hinder the 

activation of the procaspase-8 and the downstream apoptosis 

cascade [34].
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c-FLIP regulates caspase-8 activation

c-FLIP is a central regulator of the extrinsic apoptosis 

pathway and determines the activity of caspase-8 [16, 32, 

40]. c-FLIP has three splice forms: a long splice form FLIPL 

and two short splice forms FLIPS and FLIPR. [11, 15]. The 

sizes of these proteins are 55 kDa for FLIPL, 27 kDa for FLIPS, 

and 25 kDa for FLIPR. [29].

Caspase-8 and c-FLIPL have similar structures and do-

mains, namely, two DEDs and two proteolytic domains [26] 

(Fig. 2A). The major difference between c-FLIPL and procas-

pase-8 is the lack of proteolytic activity of c-FLIPL due to 

the absence of a catalytic cysteine in its large subunit. The 

two short forms c-FLIPS and c-FLIPR only contain a tandem 

DED and a short C-terminal tail. Therefore, all c-FLIP iso-

forms contain tandem DED that is structurally similar to tan-

dem DED of procaspase-8. Short form FLIPs do not have 

a proteolytic domain, and thus, lack proteolytic activity [41]. 

The functions of c-FLIP isoforms differ. Short form c- 

FLIPs block caspase-8 activation by inhibiting the procas-

pase-8 chains of DISC. These isoforms integrate into DED 

chains and block caspase-8 activation by forming inactive 

heterodimers [12]. On the other hand, c-FLIPL in DISC can 

act anti- or pro-apoptotically [4, 21]. c-FLIPL functions like 

c-FLIPS and FLIPR when expressed at high concentrations 

intracellularly but at moderate concentrations facilitates the 

activation of procaspase-8 in DISC [29]. When c-FLIPL acts 

pro-apoptotically, it is cleaved by procaspase-8 and proc-

essed caspase-8, and the then processed c-FLIP facilitates the 

activation of caspase-8 and enhances the heterodimerization 

of c-FLIP and caspase-8. The interaction between the cata-

lytic domain of c-FLIPL and caspase-8 is shown in Fig. 2C 

[16, 24].

Recently, electron microscopy showed that when c-FLIPs 

is inserted into DISC, it inhibits caspase-8 activity due to 

steric hindrance of the canonical tandem DED Type I bind-

ing site. Thus, c-FLIPs prevents caspase-8 catalytic domain 

assembly and tandem DED helical filament elongation [8].

Active caspase-8 activates 

executioner caspases 

Caspase-3 is the most important executioner caspase and 

is activated by any of the initiator caspases. Procaspase-3 

exists dimeric in cytosol and have N-terminal short prodo-

main and C-terminal two catalytic domains. Caspase-8 can 

directly activate procaspase-3 by cleaving the prodomain of 

procaspase-3 [36]. These caspase cascades amplify apoptotic 

signaling and make the executioner caspase complete the 

apoptosis process [5]. Caspase-3 is important for DNA deg-

radation, nuclear condensation, plasma membrane blebbing, 

and the proteolysis of certain caspase substrates [35]. Full 

activation of caspase-3 leads to cell death [17]. 

Non-apoptotic roles of caspase-8

Caspase-8 functions not only apoptosis but also other pro-

grammed cell death process such as necroptosis or 

pyroptosis. Many studies demonstrated that when the cas-

pase-8 defective conditions, necroptosis and pyroptosis oc-

cur [9, 41]. In necroptosis, programmed necrotic cell death, 

caspase-8 hindered necroptosis by preventing assemble the 

necrosome [23]. Like extrinsic apoptosis, necroptosis can be 

initiated by receptors such as TNFR or Fas. Necroptosis can 

occur upon activation of death receptors by specific re-

ceptors in the absence of caspase-8 activation [12].

Pyroptosis is an inflammatory form of programmed cell 

death that relies on the enzymatic activity of caspase-1 [44]. 

In pyroptosis pathway, caspase-8 is also concerned with the 

process. Extrinsic apoptosis triggers can lead to GSDMD 

cleavage and subsequent pyroptosis-like cell death in macro-

phages of Murine, which is mediated by the caspase-8 [12].

Conclusion

The extrinsic apoptosis pathway is regulated by ex-

tracellular stimuli and consequent DISC formation. Caspase- 

8, an important mediator of extrinsic apoptosis, is a compo-

nent of DISC, and its tandem DEDs are importantly required 

for this process. FADD recruits the DED of a caspase-8 mole-

cule and the second DED of this molecule binds the first 

DED of a second caspase-8, and this oligomerization pro-

ceeds to form a filament structure. Activated caspase-8 con-

verts other caspases and itself into executioner caspases. 

c-FLIP can function in both anti- and pro-apoptotic ways. 

c-FLIPs and c-FLIPr block caspase-8 activation by interacting 

with the chains of procaspase-8, whereas c-FLIPL inhibits 

the activation of caspase-8 at high concentrations but facili-

tates its activation at moderate concentrations. When acti-

vated caspase-8 activates executioner caspases, cells are com-

mitted to apoptosis.
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록：Apoptosis의 외인성 경로에서 caspase-8의 구조   기능  역할 

하민선1․정미숙2․장세복1*

(1부산대학교 자연과학대학 분자생물학과, 2부산대학교 플라스틱 정보 및 에너지 재료 및 지속 가능한 활용 태양광 
에너지 연구 센터)

세포 사멸은 항상성을 유지하기 위해 세포군을 조절하는 중요한 메커니즘이며 시스테인 단백질분해효소 중 하

나인 카스파제는 세포 사멸 경로의 중요한 중재자이다. Caspase-8은 세포외 자극에 의해 시작되는 외인성 세포자

멸 경로의 개시자 카스파제이다. Caspase-8에는 보존된 도메인인 N-말단의 두개의 죽음 이펙터 도메인(DED)과 

C-말단의 2개의 촉매 도메인을 가지며, 이는 이러한 외인성 세포자멸 경로에 중요하게 작용한다. 외인성 세포멸사 

경로에서, TNF 슈퍼패밀리인 죽음 수용체는 세포 외부로부터의 죽음 수용체 특이적 리간드의 결합에 의해 활성

화된다. 활성화된 죽음 수용체가 어댑터 단백질인 Fas-associated death domain 단백질(FADD)을 모집한 후, 죽음 

수용체와 FADD의 죽음 도메인(DD)이 서로 결합하고 죽음 수용체와 결합한 FADD가 caspase-8의 전구체 형태인 

procaspase-8을 모집한다. FADD와 procaspase-8의 죽음 이펙터 도메인은 서로 결합하고 FADD에 결합된 procas-

pase-8은 prodomain의 절단에 의해 활성화된다. 이 죽음 수용체-FADD-caspase-8 복합체는 세포사멸 유도 신호 

복합체(DISC)라고 한다. 세포 FLICE 억제 단백질(c-FLIPs)은 세포사멸을 억제하는 역할과 촉진하는 역할을 모두 

수행하여 caspase-8의 활성화를 조절하고 caspase-8 활성화는 caspase-3와 같은 작동자 카스파제를 활성화를 시킨

다. 마지막으로 활성화된 작동자 카스파제는 DNA 분해, 핵 응축, 세포막 수포 및 카스파제 기질의 단백질 분해에 

작용하여 세포사멸을 완료한다. 
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