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Abstract: The canonical function of caspase-8 is to control timely cellular apoptosis to
maintain tissue homeostasis and clear dysfunctional cells; however, emerging findings
reveal novel, non-canonical roles of caspase in addition to regulating cellular apoptosis,
including inflammatory response regulation, immune function, and cell differentiation.
Furthermore, the functional versatility of caspase-8 is reported to be contingent on the
presence and dimerization of various isoforms, which are produced through alternative
splicing, altering its function and protein—protein interactions. Equally important are
post-translational modifications, including phosphorylation and ubiquitination, which can
act as a nexus to control caspase-8 activity and cellular localization. Here, we review the
alternative splicing and post-translational modifications made to caspase-8 and discuss
their influence on its canonical and non-canonical roles.

Keywords: caspase-8; apoptosis; inflammation; alternative splicing; post-translational
modification

1. Introduction

Resilience in living organisms is a function of both inherent stability and the ability
to adapt. Adaptability describes the capacity to change quickly in response to changing
external circumstances, and so to maximize the chances of passing on a complex genetic
program to future generations of life. Over the course of generations, this process is known
as evolution and subject to the play of both external factors and random chance; however,
over the lifespan of the individual organism, the processes are biologically explicit-encoded
in the genome and shaped and conserved through eons of genetic history.

At the molecular level, evolutionary adaptability depends on the ability of genes to
mutate, changing their expression and the structure and function of the proteins they en-
code, and the capacity of the protein products of those genes to undergo structural changes
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through differential splicing or post-translational modifications. At the cellular level, indi-
vidual adaptability arises through the ability of cells to proliferate or, alternatively, to die
through a variety of conserved processes. The ever-expanding repertoire of mechanisms of
cell death speaks to the critical role that regulated cellular demise plays in homeostasis [1].

Apoptosis was the first described model of programmed cell death and was shown
to be affected through the sequential activation of a family of enzymes termed caspases.
Caspases have now been implicated in other forms of cell death, including necroptosis,
immunogenic cell death, and pyroptosis [2,3]. They have also been shown to occupy
pivotal roles in cellular activation and inflammatory function and so serve not only as
cell death executioners but also as arbiters of cellular fate in response to acute biological
threats. Caspase-8, originally identified as the apical enzyme in an extrinsic pathway of
programmed cell death, exemplifies this biological duality in the fight or flight response of
the cell [4-8].

2. The Caspase Family

Caspases are the mammalian homologs of the Caenorhabditis elegans death genes,
Ced-3, Ced-4, and Ced-9 [9-12]. They function as cysteine—aspartic proteases that cleave
their protein targets after aspartate residues in target proteins [1,13,14]. Cysteine residues
found within caspase active sites serve as nucleophiles to hydrolyze peptide bonds—most
commonly after the C-terminal linkage of aspartic acid, sometimes after glutamate, and
rarely after phosphoserine residues [15-17].

Fourteen different caspases have been reported in mammals thus far [18]. They have
been divided into two clusters based on sequence similarity and function (Figure 1). The
inflammatory caspase group comprises caspase-1, -4, -5, -11, and -12, whereas the apoptotic
group includes caspase-2, -3, -6, -7, -8, -9, and -10. Pro-apoptotic caspases are further sub-
classified into initiator caspases (caspase-2, -8, -9, and -10) or effector/executioner caspases
(caspase-3, -6, and -7) [19]. There is inter-species variability within the caspase family.
Mice lack caspase-5 and caspase-10 and express an orthologue of caspase-4 as caspase-11.
Caspase-13 exists exclusively in bovine species and is an orthologue of caspase-4 [20,21].
Caspase-14 is present only in keratinocytes and regulates differentiation, cornification, and
skin protection; it is not categorized as either inflammatory or apoptotic [22].

Caspase-8 occupies a distinctive role within this intricate family. Its canonical role is as
an initiator caspase, linking the engagement of a cell death receptor to the activation of apop-
tosis within the cell; however, it also exerts multiple non-apoptotic and pro-inflammatory
effects arising from both its enzymatic activity and through post-translational modifica-
tions. Moreover, caspase-8 is expressed as multiple different isoforms that further impact
its biological activity. We review these divergent biologic roles of caspase-8 and the role that
post-translational modifications and differential splicing play in altering cellular function.
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Figure 1. Categorized sequences of mammalian caspase proteases. There are 12 caspase proteins that
are broadly divided into inflammatory (Caspase-1, -4, -5, -11, -12), initiator (Caspase-2, -8, -9, -10), and
executioner (Caspase-3, -6, -7) groups. All inflammatory caspases, as well as caspase-2, -9, and -13,
contain a CARD domain with a large and small subunit. Initiator caspase-8 and -10 both contain two
death effector domains (DED1 and DED2) as well as a large and small subunit. Finally, executioner
caspases-3, -6, and -7 only have a large and small subunit. Across all 14 mammalian caspase proteins,
the large and small subunits collectively represent the catalytic domain with a small linker region
between them. Caspase-13 and 14 are not categorized as either apoptotic or inflammatory caspases.

3. Caspase-8: Protein Structure and Biologic Activity

The caspase-8 gene is located on band 2q33-34 of chromosome 2 and contains at least
11 exons over the course of 30 kilobase pairs in humans [23]. After translation, single-chain
caspase-8 can localize to the cytoplasm [24], lamella of migrating cells [25], endosomal
compartments [26], and microtubules and centrosomes [27]. Under normal physiological
conditions, caspase-8 exists as an inactive dimeric zymogen composed of two death effector
domains (DEDs) in the N-terminus: one large p18 protease subunit and one small p10
protease subunit. The p18 and p10 subunits collectively represent the catalytic domain of
caspase-8 and are separated by a smaller linker region (Figure 2).
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Figure 2. Sequential processing of caspase-8. This schematic represents the structural composition
of the caspase-8A isoform. It contains two death effector domains (DED1 and DED?2), one large
p18 subunit, and one small p12 subunit. The numbers above the boxed regions reflect amino acid
positions. There are two cleavage events that process caspase-8 into its catalytically active form.
The first cleavage event occurs at D391, followed by subsequent cleavage at D401. This collectively
produces an N-terminal fragment composed of two DEDs, a p18 subunit, and a small p12 fragment
with a truncated linker region. The second cleavage event occurs at D233, which is followed by
cleavage of D227. The final products produced from both cleavage events are an N-terminal fragment
composed of two DEDs and a small six AA fragment of the large subunit.

4. Pro-Apoptotic Activities of Caspase-8: The Death-Inducing Signaling
Complex (DISC)

Caspase-8 was originally named FADD-like interleukin-{3 converting enzyme (FLICE)
by virtue of its cysteine protease activity and its homology to the membrane-bound death
receptor, Fas-associated death domain (FADD). It was identified as the apical enzyme of
the extrinsic apoptotic pathway, activated by the binding of death ligands, such as Fas
ligand (FasL) or tumor necrosis factor-alpha (TNF-w), to their respective death receptors
on the cell surface. Binding triggers the assembly of a death-inducing signaling complex
(DISC) consisting of the death receptor, adapter proteins, and pro-caspase-8. Formation of
the DISC induces pro-caspase-8 molecules to undergo a conformational change, leading to
activation through self-cleavage, releasing two catalytically active subunits—p 18 and p 10.

Heterodimeric p18:p10 caspase-8 directly cleaves and activates downstream effector
caspases, including caspases-3, -6, and -7 [19]. These effector caspases, in turn, execute
the final stages of apoptosis, degrading key cytostructural proteins, fragmenting DNA,
and resulting in the formation of apoptotic bodies that are cleared by phagocytic cells.
In addition to its role in the extrinsic pathway of apoptosis, caspase-8 can also trigger
the intrinsic mitochondrial pathway by cleaving and activating cytoplasmic Bid. Once
cleaved, truncated Bid (T-Bid) translocates to the mitochondria, where it induces the
release of cytochrome c, thereby initiating the caspase-9-dependent intrinsic pathway of
apoptosis [28] (Figure 3). The pro-apoptotic activity of pro-caspase-8 is regulated by its
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Figure 3. Extrinsic versus intrinsic cell death signaling. The extrinsic cell death pathway is triggered by
the Fas ligand binding to the Fas receptor. This promotes Fas receptor trimerization and Fas-associated
death domain (FADD) adaptor recruitment. FADD death domains (DD) further complex with caspase-
8 death effector domains (DED), establishing the so-called death-induced signaling complex (DISC).
Autocatalytic cleavage of caspase-8 activates p18 and p10 molecules to facilitate downstream caspase-
3-dependent apoptosis. p18 and p10 fragments can also cleave bid, a BH3 containing Bcl-2 protein, to
produce truncated bid (t-Bid). Translocation of t-Bid to the outer mitochondrial membrane promotes
the leakage of cytochrome c into the cytoplasm through the mitochondrial outer membrane pore
(MOMP) and initiates caspase-9-dependent intrinsic cell death signaling. The intrinsic cell death
pathway is activated in response to stress signals such as DNA damage. Bak and Bax protein activation
induces MOMP formation, releasing cytochrome c into the cytosolic compartment. Cytochrome c
coupling to apoptosis protease activating factor-1 (APAF-1) and caspase-9 establishes the so-called
apoptosome. Catalytic cleavage of caspase-9 results in caspase-3-dependent apoptotic signaling.

Caspase-8 exerts both pro-apoptotic and non-apoptotic activity within the cell. These
divergent effects arise through both alternate splicing and post-translational modifications
of the caspase-8 protein.

5. Regulation of Caspase-8 Function by Alternative Splicing

Alternative splicing is the process by which a single eukaryotic gene can produce multi-
ple protein variants through selective inclusion or exclusion of specific exons during mRNA
processing. The spliceosome, a complex of five small nuclear ribonucleoproteins (U1, U2,
U4, U5, and U6 snRNPs) and auxiliary proteins, catalyzes the removal of non-coding
introns and regulates the arrangement of exons to generate diverse mRNA transcripts [30].
Constitutive exons are flanked by highly conserved splice sites, ensuring their usual in-
clusion in the final mRNA sequence. Splicing factors recognize enhancing and silencing
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sequences within the pre-mRNA, determining the inclusion or exclusion of specific ex-
ons in the mature mRNA; however, point or frameshift mutations can disrupt splicing
by altering conserved splice sites or regulatory sequences, leading to exon exclusion or
aberrant splicing in the mature mRNA [31]. The consequence of differential splicing is the
translation of a single gene into two or more functional protein variants.

Caspase-8 can be transcribed and translated into multiple splice variants. To date, ten
caspase-8 isoforms (caspase-8 A-C, E-L, and s) have been reported [32-34]. Six of these
variants (caspase-8A, 8B, 8C, 8F, 8G, and 8H) are composed of a homologous, 182 amino
acid long N-terminal region that contains two DEDs. The C-terminus varies between these
isoforms [32,35]. Caspase-8L was identified in human peripheral blood lymphocytes and
represents the ninth caspase-8 isoform [36]. Through alternative splicing, 136 base pairs
are inserted between exon 8 and exon 9 of the caspase-8 mRNA sequence, producing
a premature stop codon. The insertion produces the caspase-8L variant which contains
two DED domains but no catalytic domain, and so serves as a dominant negative isoform
of caspase-8 that can inhibit the caspase cascade [36,37]. The latest caspase-8 isoform was
identified in patients with acute leukemia and is called caspase-8s. This is the shortest
caspase-8 variant, as it only expresses DED1 and a portion of DED2 [36].

Although these 10 known variants are expressed in a variety of tissues, the primary
variants caspase-8A and caspase-8B are mostly commonly detected at the protein level [32].
Sequence alignment of caspase-8A with B reveals a 32 amino acid insertion from position
102 to 134 and a 15 amino acid deletion from position 217 to 232 in caspase-8A relative to
caspase-8B. This insertion disrupts a YXXM motif that is a potential SH2 binding site in
the caspase-8A protein and results in a 17 amino acid difference between the two variants,
equating to a 2 kDa molecular size difference such that caspase-8A has a molecular weight
of 55 kDa, and caspase-8B a molecular weight of 53 kDa. The differences in these caspase-8
isoforms are summarized with reference to caspase-8A in Figure 4. Alternate splicing in
exon 8 of caspase-8L results in the insertion of 136 base pairs [36]. This isoform mimics the
structure of caspase-8A, conserving the DEDs but lacking the catalytic site of caspase-8. On
the other hand, caspase-8s was found to have had a 106 bp deletion, which was responsible
for a frameshift mutation containing a stop codon, creating a premature termination of the
transcript [34]. Caspase-8A, caspase-8B, caspase-8C, caspase-8F, caspase-8G and caspase-8L
undergo alternative splicing for exon 2 and exon 7. In contrast, caspase-8s and caspase-8E
are shortened due to alternative splicing.

Alternative splicing of caspase-8 is cell-dependent and appears to be influenced by the
activation state of the cell [38]. The activation of lymphocytes within patients experiencing
systemic lupus erythematosus has been proposed to be responsible for a reduction in
the expression of caspase-8L [33,36]. This contrasts with patients living with adult T-cell
leukemia who have higher levels of caspase-8L in their peripheral blood mononuclear cells,
which results in delayed apoptosis and increased cell inflammatory activity [39]. These
reports could suggest that alternative splicing may be a regulatory mechanism to control
levels of active caspase-8 in the cell [38].
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Figure 4. Sequence composition of caspase-8 isoforms. Regions that are inserted (green) or deleted
(red) are marked relative to caspase-8A (A).

6. Non-Canonical Roles of Caspase-8

In addition to its well-known role in apoptosis regulation, caspase-8 has been found to
play diverse, non-canonical roles through interactions with intracellular signaling platforms
or proteins. For example, caspase-8 can regulate the inflammatory and immune responses
by promoting the production of pro-inflammatory cytokines, including interleukin-13,
through the activation of the NOD-, LRR- and pyrin domain-containing protein (NLRP3)
inflammasome [40,41]. Caspase-8-dependent cleavage and activation of the NLRP3 trig-
ger the assembly of the inflammasome complex to enable cytokine release. Conversely,
caspase-8 activation can inhibit other signaling platforms, such as the necrosome, which is
composed of receptor-interaction protein kinase 1 (RIPK1) and receptor-interacting pro-
tein kinase 3 (RIPK3). Caspase-8 cleaves RIPK1 at the Asp325 residue to destabilize the
necrosome and prevent cell death [42]. In ex vivo studies, tyrosine phosphorylation of
caspase-8 has been found to be pivotal for maintaining the integrity of epithelial barriers
by regulating the kinetics of epithelial cell apoptosis. Jia et al. showed that caspase-8 is
constitutively phosphorylated in resting epithelial cells [5]. Ex vivo co-culture of activated
inflammatory neutrophils harvested from critically ill patients with secondary epithelial
cell lines induced SHP-1-mediated caspase-8 dephosphorylation to hasten epithelial cell
death [5]. These findings were further validated in secondary cell lines transfected with
either phosphorylated or non-phosphorylatable caspase-8 mutant constructs [5]. Cells
expressing non-phosphorylatable caspase-8 underwent accelerated apoptosis compared
with cells transfected with phosphorylated caspase-8 [5].

Caspase-8 expression has also been reported to be vital for appropriate embryological
development, cell differentiation, and homeostasis. In work by Kang et al.; conditional
caspase-8 deficiency in murine endothelial cells degenerated yolk sac vasculature to elicit
circulatory failure [43]. Conditional caspase-8 deletion in murine bone marrow cells further
arrested hemopoietic progenitor cell function and ceased the differentiation of monocytes
into macrophages [43]. Complimentary studies by Salmena et al. showed that caspase-8
expression is indispensable for maintaining T cell homeostasis. By analyzing lymphocyte
surface marker expression on flow cytometry and anti-CD3 and anti-B220 histology stain-
ing, caspase-8 deficient mice were found to produce lower circulating, splenic, and lymph
node T cells with a greater CD4":CD8* ratio compared with control mice [44]. Interestingly,
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while caspase-8 deficiency is embryonically lethal in mice, it is not in humans but can lead
to severe clinical presentations, including immunodeficiency and very early-onset inflam-
matory bowel disease (IBD). A recent case report by Bazgir et al. described a two-year-old
boy with caspase-8 deficiency presenting with a fever of unknown origin and dysentery
refractory to antibiotic therapy, ultimately diagnosed as early-onset IBD [45]. Other case
reports in two adolescents (11 and 12 years) [46] and two young adults (30 years) [47]
also revealed caspase-8 deficiency manifests with autoimmune lymphoproliferative syn-
drome [46] and end-organ lymphocytic infiltration in the lungs, liver, spleen, bone marrow,
and central nervous system [47]. Collectively, these reports show that caspase-8 plays an
important role in human T-cell differentiation and response.

Caspase-8 is also known to regulate autophagy, a pro-survival cellular mechanism that
recycles damaged organelles, protein aggregates, and pathogens within an autolysosome,
promoting cell survival. Key proteins involved in autophagy, such as ATG7 and Beclin-1,
are essential for this process [48]. Reduced expression of caspase-8 via RNA interference has
been associated with features of autophagy, with the hypothesis that caspase-8 negatively
modulates autophagy by interacting with autophagy-related proteins [49]. Caspase-8
inhibition has been shown to shift the cell death program towards autophagic cell death,
a phenomenon not observed with the inhibition or suppression of caspases 1, 2, 3, 9, or
12 [49]; therefore, caspase-8 appears to play a distinctive role in preventing autophagic cell
death, potentially through its regulation of the balance between apoptosis and autophagy.

7. Regulation of Caspase-8 Function by Post-Translational Modifications

Signal transduction in cells typically involves the alteration of protein—protein interac-
tions through post-translational modifications (PTMs). Caspase-8 can undergo phosphory-
lation or ubiquitination to alter cell fate and function.

Caspase-8 catalytic activity in human neutrophils and cancer cell lines can be inhibited
by phosphorylation [6,7]. Src-kinase-induced phosphorylation of caspase-8 at tyrosine
380 (Y380) inhibits caspase-8 release from the DISC to block caspase-3 cleavage [50,51]. In
addition to Y380, Y448 serves as an alternative site for Src kinase binding to inhibit caspase-
8 activation [4,8]. Conversely, binding of Src-homology domain 2 containing tyrosine
phosphatase 1 (SHP-1) to caspase-8 can reverse Y380 and Y448 phosphorylation [7,52],
releasing caspase-8 from the DISC to initiate caspase-3 dependent cell death signaling.

In contrast to Y380 and Y448 phosphorylation, phosphorylation of threonine 273 (T273)
in the p18 domain of caspase-8 by polo-like 3 kinase (Plk-3) triggers cellular apoptosis [53].
Conversely, phosphorylation of T263 by ribosomal S6 kinase 2 (RSK2) induces caspase-8
ubiquitination, leading to downstream necroptosis [54]. In addition, phosphorylation
of caspase-8 serine 364 (5364) by p38-mitogen-activated protein kinase (MAPK) inhibits
caspase-8 activity to delay human neutrophil apoptosis and sustain an inflammatory
state [55]. Collectively, T273, T263, and S364 are conserved evolutionary phosphorylation
sites [53-55], suggesting that they serve key regulatory roles in cell death and possibly
function. Similar consequences of caspase-8 phosphorylation have also been reported in
cancer cell lines, primary breast tissue, and lymphocytes. Matthess et al. revealed that
serine 387 (S387) phosphorylation by Cdk1/cyclin B1 blocks Asp374/Asp384 cleavage in
the p10 subunit and so prolongs survival in mitotic cells by inhibiting caspase-8 dependent
extrinsic apoptosis. These findings were replicated and validated using cyclin Bl siRNA,
Cdk1 inhibitor (RO-3306), and non-phosphorylatable transfection (5387A) studies [56].

Caspase-8 can also undergo ubiquitination. Normally, the addition of 48 lysine
residues [57] and rarely 63 lysine residues [58] localize target proteins for degradation
through the 26S proteasome, whereas the addition of 63 lysine residues traditionally con-
trols signal transduction through receptor endocytosis, protein trafficking, and signal
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activation [56,59]. Caspase-8 can be tagged with K48, signaling for its degradation through
the proteasome, or K63 by TRIM13, to modulate caspase-8 translocation to autophagosomes
and fusion with the lysosome to induce HEK293 cell death [60]. Similarly, ubiquitination
plays a key role in regulating the half-life of caspase-8 in primary human cells. In human
neutrophils, heat-shock protein 90 protects caspase-8 from ubiquitin-mediated degradation,
sustaining interactions between tyrosine-phosphorylated caspase-8 and phosphoinositide-
3-kinase that initiate and prolong anti-apoptotic signaling [50].

Other studies by Jin et al. using secondary cell lines demonstrated that cullin3-based E3
ligase-dependent caspase-8 K63 ubiquitination at K461 enabled p62-dependent caspase-8
aggregation and cytosolic translocation to drive caspase-8 autoproteolysis and apopto-
sis [61]. Jin et al. further revealed that CUL3-dependent caspase-8 polyubiquitination can
be reversed by deubiquitinase A20 binding to caspase-8 [57]. Collectively, these studies
show that caspase-8 can be degraded while undergoing activation, providing a further
mechanism to regulate caspase-8-dependent apoptosis. Complimenting these findings,
Gonzalvez et al. revealed that tumor necrosis factor receptor-associated factor 2 (TRAF2)
binds and ubiquitinates caspase-8 by adding K48 tags downstream of cullin-3 at K224,
K229, and K231 as an E3 ligase in the DISC to induce proteasomal degradation of caspase-8
in a time and threshold dependent manner [62].

Similarly, Xu et al. used gastric cancer cells to show that TRAF2-mediated K48 polyu-
biquitination of caspase-8 leads to its proteasomal degradation, reducing caspase-8 pro-
apoptotic activity. This process stabilizes the integrity of the DR5-Cbl-b/c-Cbl-TRAF2
complex, thereby inhibiting TNF-related apoptosis-inducing ligand (TRAIL)-dependent
cell death [62]. Beyond this intricate and complex mechanism regulating caspase-8 polyu-
biquitination, Ivanova et al. further showed that caspase-8 polyubiquitination can be
amplified when caspase-8 interacts with TP53INP2, which serves as a scaffold for caspase-8
interaction with ubiquitin ligase TRAF6 through a TRAF6-interacting motif (TIM) and
ubiquitin-interacting motif and promote TRAIL-dependent apoptosis [63]. Finally, Alturki
et al. identified a negative feedback loop that facilitates the degradation of caspase-8,
RIPK1, and other necrosomal proteins to limit necroptosis and inflammatory cytokine
production through Triad3a-mediated K48 ubiquitination. They reported that this process
occurs during early necrosome activation and functions independently of traditional RIPK1
ubiquitin editing enzymes, such as A20 [64]. Finally, it is important to recognize that
other E3 ubiquitin ligases, such as Cullin 7 (CUL?), can block caspase-8 degradation to
enable cancer survival [65]. Using human breast- and cervical cancer cell lines, Kong et al.
demonstrated that CUL7 adds non-degradative polyubiquitin chains to caspase-8 at K215
to promote anti-apoptotic caspase-8 activity within the DISC [65] (Supplementary Table S1).

8. Conclusions

Caspase-8 is strategically located at the cell surface, where it is directly impacted by
signals from the cellular microenvironment. A combination of the expression of multiple
splice variants with differing effects on the progression of apoptosis and a variety of post-
translational modifications that not only support or impede the progression of apoptosis
but also support the activation of other intracellular signaling cascades supports a critical
role for caspase-8 in regulating a dynamic cellular response to signals emanating from the
extracellular environment (Figure 5). How this plasticity contributes to the pathology of
disease and how these modifiable alterations might be manipulated to therapeutic benefit
is emerging as an important frontier.
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DEDs Death effector domains

DISC Death-inducing signaling complex

FADD Fas-associated death domain

FasL Fas ligand

FLICE FADD-like interleukin- converting enzyme

FLIP FLICE inhibitory protein

MAPKs Mitogen-activated protein kinases

MLKL  Mixed lineage kinase domain-like

NF-kB  Nuclear factor kappa-light-chain-enhancer of activated B cells
NLRP3  NOD-, LRR- and pyrin domain-containing protein
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Plk1 Polo-like kinase 1

PTMs Post-translational modifications

RIPK1 Receptor-interacting protein kinase 1

SHP-1 Src-homology domain 2 containing tyrosine phosphatase 1
SUMO1  Small Ubiquitin-related Modifier-1

TNF-«  Tumor necrosis factor-alpha
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