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Abstract

Multiple sclerosis (MS) and its animal model, experimental autoimmune encephalomyelitis (EAE),
are inflammatory diseases of the central nervous system (CNS), mediated by several immune cells.
Oligodendrocytes are responsible for the formation and maintenance of myelin around multiple
axons. In MS oligodendrocytes are the targets of inflammatory and immune attacks. Thus, the de-
struction of a single oligodendrocyte, possibly by apoptosis, results in the loss of myelin around
several axons and the loss of many oligodendrocytes limiting the ability to repair or regenerate
demyelinated areas. Apoptosis is mediated by an aggregation of various protein components, spe-
cifically death domains (DD) superfamily. This superfamily is composed of the death domain (DD),
the death effector domain (DED), the caspase recruitment domain (CARD) and the pyrin domain
(PYD) subfamilies. Within each subfamily, members form homotypic interactions and facilitate the
assembly of oligomeric signaling complexes. Members of the death domain superfamily are criti-
cal components of apoptotic and inflammatory signaling. We summarize the structure and func-
tions of the DD superfamily, and describe the role of the DD proteins in oligodendrocytes death
and proinflammatory activation in MS pathogenesis.
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1. Introduction

Multiple sclerosis (MS) and its animal model, experimental autoimmune encephalomyelitis (EAE), are inflam-
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matory diseases of the central nervous system (CNS), considered as a multi-factorial disease depending on ge-
netic and non-genetic factors [1], mediated by activated lymphocytes, macrophages, microglia, and complement
[2], characterized by localized areas of demyelination, and being the leading cause of non-traumatic neurologi-
cal disability in young adults [3]. In both MS and EAE, the myelin and the myelin-producing cells, the oligo-
dendrocytes (OLGs), are targets of the autoimmune attack, and their loss is directly associated with neuronal
dysfunction and damage leading to the clinical manifestations of the disease [4]. The cause of MS is still un-
known and its pathogenic pathways are not fully understood. However, the pathological features of MS plaques
are blood-brain barrier (BBB) leakage, destruction of myelin sheaths, OLG and axonal damage, axonal loss, gli-
al scar formation and the presence of inflammatory cells infiltrates that mainly consist of lymphocytes and ma-
crophages [5]. Inflammation is now known to include more than demyelination, as studies revealed significant
axonal pathology. Once an axon is demyelinated, it is exposed and become available and susceptible to damage
in the destructive inflammatory environment. In the established lesion, total depletion of OLGs is common [6],
but depletion may be due to classic apoptosis or a cytotoxic mechanism (necrosis), but this remains unclear. Ne-
crosis which is a form of cells injury occurs due to autolysis which results in premature death of cells in living
tissue (Proskuryakov et al., 2003) [7]. However, this review is limited to apoptotic cell death. Apoptosis contri-
butes to OLGs depletion in MS lesions and ultimately, increases demyelination. OLGs depletion increases po-
tential for axonal injury and lack of remyelination [2]. Apoptosis is a coordinated and often energy-dependent
process that involves the activation of a group of cysteine proteases called “caspases” and a complex cascade of
events that link the initiating stimuli to the final death of the cell [8]. Moreover, apoptosis is mediated by the ag-
gregation of the various protein components, specifically Death Domains (DD) containing proteins.

The DD superfamily is one of the largest and most studied domain superfamilies [9]. This superfamily is
composed of the death domain (DD), the death effector domain (DED), the caspase recruitment domain (CARD)
[10], and the pyrin domain (PYD) [11] subfamilies (Table 1); within each subfamily, members form homotypic
interactions and facilitate the assembly of oligomeric signaling complexes [12]. Based on a genome analysis,
there are 32 DDs, 7 DEDs, 28 CARDs and 19 PYDs in the human genome [13]. The DD mediates self-associa-
tion of their receptors, thus giving the signal to downstream events that lead to apoptosis. Moreover, the DD-
containing proteins involve in the regulation of apoptosis and inflammation, activate caspases and nuclear fac-
tor-kappa-light-chain-enhancer of activated B cells (NF-kB). The review provides structural and functional
overview of the death domains superfamily. Because OLGs destruction is crucial in MS pathology, we focused
on the role of death domains superfamily in the death of OLGs and proinflammatory activation in MS pathoge-
nesis. Though, considerable efforts have been made to elucidate the molecular mechanisms behind the process [4].

2. Death Domains Superfamily Structural Overview

DD are death fold found predominantly in the vertebrates, although represented throughout the animals [14].

Table 1. Summary of structural features and functional overview of DD subfamily.

Structure
Subfamily Features Activities
NMR Crystal
Fas DD I - Homotypic interactions
. FADD DD IRAK4 DD (\j/lfg'cattl';’r?gfxr'fgl i'(';‘e'se”gth and Form homodimers
TNFR1 DD RAIDD DD Sequence homology low Use to assemble signal complexes intracellularly
P75 DD for activation of caspase and NF-xB

Found on caspases and adapters

Induce apoptosis (DED containing caspase)
NF-kB signalling

Induce or inhibit caspase activation

FADD DED MC159 DED1 H2 residues form a hydrophobic patch

DED PEA-15 DED MG159 DED2 E/D-RxDL motif form a conserved
hydrogen-bonded charge

Apoptosis

Cytokine processing
Immune defense
NF-xB activation

RAIDD CARD H1 either bent or broken into H1a and
CARD ICEBERG CARD Apaf-1 H1b helices
Have polarized surface for interactions.

NALP1 PYD . . Probable caspase activation
PYD ASC PYD NONE H3 is altered replace by flexible loop Function not really understood
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The unifying feature of the DD superfamily is the six-helical bundle structural fold, which first revealed by nuc-
lear magnetic resonance (NMR) structures [15]. Moreover, each subfamily within the DD superfamily has varia-
tions in sequence as well as the length and orientation of the helices (Table 1) that result in distinct structural
characteristics [16].

2.1. DD Domain

The NMR structures of four isolated DD subfamily are Fas DD, Fas associated death domain (FADD) DD, Tu-
mor necrosis factor receptor 1 (TNFR1) DD and p75 DD, while interleukin-1 receptor-associated kinase 4
(IRAK4) DD and RIP-associated ich-1/ced-3-homologue protein with a DD (RAIDD) DD are the two crystal
structures [17]. They exhibit the six-helix bundle folds with existing variations in the length and direction of the
helices. Due to low sequence homology among the DDs; their surface features are entirely different and may be
responsible for their specificity in protein-protein interactions (Table 1). The only one structure of a DD: DD
complex available is the crystal structure of the monomeric Pelle DD: Tube DD complex [18]. PIDDosome core
complex composed of the DDs of p53-induced protein with a DD (PIDD) and RAIDD [16] and the Myddosome
comprising the DDs of MyD88, IRAK2 and IRAK4 [19] are the common examples of the interfacial interac-
tions between DDs.

2.2. DED Domain

There are two NMR structure of DED, these includes FADD DED [20] and phosphoprotein enriched in astro-
cytes 15-Kda DED (PEA-15 DED) [21], while the two crystal structure from the tandem DED of Molluscum
contagiosum virus 159 (MC159) are DED1 and DED 2 [22]. FADD DED has a full-length structure which con-
sisting of both DED and DD. FADD is a component of the death inducing signalling complex (DISC), while
PEA-15 participates in mitogen activated protein kinase (MAPK) activation with the kinase extracellular signal
regulated kinases (ERK). MC159 is a cellular FLICE-like inhibitory protein (c-FLIP) from a pox virus [22].
FADD DED, PEA-15 DED and MC159 DED?2 structures show conserved six-helical bundle fold of the DD su-
perfamily. They are more similar to each other than to other members of the DD superfamily [16]. However,
MC159 structurally is more divergent from the other known DED structures [23]. In its helix structure H3 is re-
placed by a short loop connecting helices H2 and H4 and two helices, helix HO at the N-terminus and helix H7
at the beginning of DED2 are added. DED was distinguished from other members of the DD superfamily by two
conserved surface feature present on DEDs, the first is the conserved hydrogen-bonded charge triad formed by
the E/D-RxDL motif [22] and hydrophobic patch formed by residues on H2 as the second feature (Table 1), it
facilitates DED: DED interactions [20].

2.3. CARD Domain

The available NMR structures of CARD are RAIDD CARD [23] and ICEBERG CARD [24], while an available
crystal structure of isolated CARD is Apaf-1 [25]. Although, CARD is identical with the conserved six-helical
bundle fold of the DD superfamily, but it has a unique helix H1 which appears to be either bent or broken into
H1a and H1b helices (Table 1). However, orientation and length of several helices may differ among the differ-
ent CARDs. H1 of the CARD subfamily and H3 are both shortened and preceded by a long loop [26], or re-
placed by a loop entirely [27]. In the RAIDD CARD only six a-helices are present with Apaf-1 helices Hla and
H1b combined into a single helix H1. The CARD domain of Apaf-1 is formed of a bundle of six (or seven)
tightly packed a-helices [28], closely resembling the overall structure of the RAIDD CARD that interacts with
caspases 2 and 9 [29]. Furthermore, the CARD structure of Apaf-1 is in complex with the caspase-9 CARD and
found in the entire N-terminal fragment of Apaf-1 containing the CARD and the nucleotide-binding oligomeri-
zation domain (NOD). In the Apaf-1/procaspase-9 complex helices H2 and H3 of Apaf-1 CARD form a convex
acidic surface that recognizes a complementary basic concave surface of caspase-9 CARD (formed by H1a, H1b,
H4) with residues Y24, D27, S31, D32, Q40, N73, (Apaf-1) and R11, R13, R52, R56 (procaspase-9) [30] pro-
viding specificity in the interaction. CARDs have a polarized surface with both basic and acidic surfaces possi-
bly used for protein-protein interactions. Besides these electrostatic interactions, additional hydrophobic contacts
are present in the center of the interface, thus explaining why the association is refractory to high ionic strength
[31].
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2.4. PYD Domain

PYDs were considered to be subfamily of the DD superfamily based on their NMR structures of NALP1 [28]
and Apoptosis-associated speck-like protein containing a CARD (ASC PYD) [32], which provides definitive
evidence. They possess altered H3 apart from the classical six-helix bundle folds of the DD superfamily. H3 is
completely replaced by a flexible loop in PYD from NALP1, while PYD from ASC remains only with a short
helix of 4 residues and is coupled with a long, flexible loop preceding the helix (Table 1), these features appear
to be a common in many PYD sequences. In structural comparisons among the homotypic interaction denotes
that the Pelle DD: Tube DD complex [18], the Apaf-1 CARD: caspase-9 CARD complex [30] and the DED1.:
DED? interaction in the tandem DED of MC159 [23], are the three homotypic complex structures in the DD
superfamily. For non-homotypic interactions PEA-15 DED proteins interact heterotypically with non-DED pro-
teins such as the MAP kinase ERK [22], also CARD-containing protein apoptosis repressor with caspase re-
cruitment domain (ARC) interacts heterotypically with both the DDs of Fas and FADD and the C-terminus of
Bcl-2 family protein Bax [33].

3. Death Domains Superfamily Function

The primary function of the death domains superfamily is to mediate protein-protein interaction by forming
predominantly homotypic associations, thereby underpinning the formation of multi-subunit signaling complex-
es [34]. Most of the interactions observed in DD complexes seem to fall into one of three topologically similar
arrangements as follows: type I, negatively charged residues of H2 and H3 of one DD interact with positively
charged residues of H1 and H4 of another DD; type I, H4 and the H4-H5 loop of one DD interact with the
N-terminal end of H6 of another DD; and type 11, H3 of one DD interacts with the H1-H2 and H3-H4 loops of a
second DD [35].

3.1. DD and DED Domains

DD proteins function in both apoptosis and NF-xB signaling in mammals. The TNFR family has several cyto-
kine receptors containing DDs, among which are the death receptors (DR) 1, 2, 3 and the Tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL) receptors (Table 2). Furthermore, through specific homotypic inte-
ractions these receptors are banded by adapter molecules bearing DDs for instance TNFR-associated death do-
main (TRADD) binds TNFR1; FADD binds DR2, DR3, and the TRAIL receptors. TRADD and FADD can bind
to each other via DD-DD interaction, only when TRADD is bound to TNFR1. In Caspase-dependent apoptosis
Fas and TNFR1 form homodimers upon ligand binding with both Fas and TNFR1, this can lead to an associa-
tion of FADD and TRADD via a DD and recruitment of caspase 8 by a DED (Figure 1), resulting in activation
of downstream effector caspases and apoptosis [36]. There are seven standard DED-containing proteins asso-
ciated with the regulation of apoptosis and proliferation mediated by the TNF-« receptor family. These proteins
are FADD, Caspase-8 and 10, c-FLIP, death effector domain containing DNA binding (DEDD) 1, DEDD2 and
phosphoprotein enriched in astrocytes 15-Kda (PEA-15). DEDs are found on caspases and adapters. The DED-
containing caspases (caspases-8, -10) function in death receptor-induced apoptosis in mammals, but appear to be
involved in NF-xB signaling [14]. FADD may induce or inhibit caspase activation via its DED that interacts
with a DED present on caspases-8 and 10 and on the regulatory molecule, c-FLIP (Table 1). The DR signalling
pathways include the DISC, complex I and complex Il (Figure 1). Members of TNF superfamily of ligands are
mostly trimeric and can be either found attached to the membrane or soluble. They activate TNFR superfamily
by ligand-induced receptor trimerization [37] and higher order oligomerization [38]. This DR contains DDs in
their intracellular regions which use to assemble signal complexes for activating caspase and NF-xB. The three
different types of complexes may assemble includes one of death receptor Fas and related receptors, and the
other two by the death receptor TNFR1 and related receptors [16]. After ligand activation, Fas through its DD
recruits FADD adapter protein, this homotypic interaction is through the C-terminal DD of the FADD. The
FADD through its N-terminal DED interact homotypically with the tandem DED in the pro-domain of caspase-8
or 10 and this form a ternary DISC structure compose of Fas, FADD and caspase-8 or 10, this process leads to
the activation of active caspase-8 or 10 into the cytoplasm to cleave and activate effector caspase-3 and 7 lead-
ing to a cascade of events in apoptotic cell death [39]. However, for the TNFR1, after ligand activation, it inte-
racts with the DD of TRADD adapter protein through its DD. The TRADD binds to receptor interacting protein
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Table 2. Members of DR family.

FAMILY NAME OTHER NAMES REMARKS

DR1 TNFR1, CD120a, P55, P60 Well characterized and studied previously in MS

DR2 CD95, APO-1, Fas Well characterized and studied previously in MS

DR3 APO-3, LARD, TRAMP, WSL1  Expressed by lymphocytes and induce after T-cell activation
DR4 TRAILR1, APO-2 Cloned receptor

DR5 TRAILR2, KILLER, TRICK2 Cloned receptor

DR6 - Expressed in human tissue

Ectodysplasin A receptor (EDAR) - -
Nerve growth factor receptor (NGFR) - -

Decoy receptor 1 (DcR1)"
Decoy receptor 2 (DcR2)"

TRAILRS3, TRID, LIT
TRAILR4, TRUNDD

Protective

Protective

Note: “These are not members of DR family, DcR1 do not have DD and DcR2 have dysfunctional DD in their intracellular part.

Fas binds to its
receptor

TNF binds its
receptor

[

DISC: COMPLEX II: COMPLEX I
FasL FADD TNFR1
FADD TRADD [ <™ TRADD &
Procaspase 8/10 TRAF2 TRAF2 <
RIP 5
Procaspase 8/10 = B
=
- Y :
Casepase . E
8/10 IKK. Mﬁggﬁ =
R - IxB/NFxB MAPK (jnk) &
1. - NFxB C-jun
Casepase \ “/
3/7
_______ =rey - - 2
) 2
- " INFLAMMATION. d
2
Z

Binding of TNF-a to TNF R1 results in trimerization and intracellular oligomerization of death domain; after the con-
formational change, TNFR1 recruits an adaptor protein TRADD via its DD. TRADD then recruits more different pro-
teins such as downstream TRAF 2 and RIP via DD interaction to form complex I. The complex activates IKK to phos-
phorylates specific amino acids residues located in an IkB’s protein regulatory domain, this action induce the degrada-
tion of IkB’s protein to free NF-kB from IkB’s/NF-kB complex which will enter into the nucleus where it will induce
specific genes expression leading to inflammatory responses. In other way, MAP3K becomes activated after interaction
with TRAF2. The activated MAP3K phosphorylates its substrate MAP2K which in turn will phosphorylate their sub-
strate MAPK substrate. The MAPK (JNK) then binds and phosphorylates a transcription factor c-jun to induce inflam-
matory responses. C-jun serves as AP-1. Moreover, TRADD, TRAF2 and RIP complex can bind to FADD after dis-
sociation from TNFR1 and recruit procaspase-8/10 via protein-protein interactions to form complex Il (DISC complex).
The complex, via procaspase-8/10 activate caspase-8/10 to cleave caspase 3/7 thus triggers downstream cascade reac-
tions which subsequently cause apoptosis. The pathway by which ligands of Fas and TRAIL (not shown) activate
apoptosis is similar to that of TNF. The binding of ligands accelerates aggregation of receptors, formation of DISC and
activation of caspase cascade reactions. Adaptor protein FADD directly binds to death domain of FasL or TRAILR,
without presence of TRADD. However, FADD apoptosis pathway can be inhibited by c-FLIP. FLIP activated by
NF-kB, is analogous to caspase-8/10 and lack proteolytic activity. It can depress the apoptosis by inhibiting the interac-
tion of FADD and procaspase-8/10 in complex Il and activation of caspase 3/7 in Fas and TRAIL pathways. DISC
(death-inducing signaling complex), TNF-a (Tumor necrosis factor), TNFR1 (Tumor necrosis factor receptor 1),
TRADD (TNFR-associated death domain), TRAF 2 (TNF-associated factor 2), RIP (Receptor interacting protein ki-
nase 1), IKK (IkB kinase), IkB (Inhibitor of kB), NF-kB (Nuclear factor kappa-light-chain-enhancer of activated B
cells), FADD (Fas-associated death domain protein), MAP3K (Mitogen activated protein kinase 3), MAP2K (Mitogen
activated protein kinase 2), MAPK (Mitogen activated protein kinase), JNK (c-jun N-terminal kinases), AP-1 (Activa-
tor protein 1), TRAILR (TNF-related apoptosis-inducing ligand receptor), c-FLIP (cellular Flice-inhibitory protein).

Figure 1. Signalling pathways.
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kinase (RIP) and TNF-associated factors (TRAFs) through DD interaction to form a membrane bound complex |
for activation of inhibitor of k B kinase (IKK) and NF-kB. In order to form a cytoplasmic complex II for caspase
activation, TRADD binds with FADD and caspase-8 after dissociation from TNRF1. Also for assembly of com-
plex Il both DD: DD and DED: DED interactions are necessary. The ability of TNF to induce either cell death or
otherwise may depend on the assembly of complex | and complex I1.

3.2. CARD Domain

CARD containing proteins may be prodomains of caspases or adapters in the assembly of apoptotic and in-
flammatory signaling complexes. In mammals, CARD domain-containing proteins have a wide range of func-
tions (apoptosis, cytokine processing, immune defense, NF-kB activation). CARD domains are found on several
mammalian procaspases (caspase-1, -2, -4, -5, -9, -12, -13), and on adapter molecules involved in caspase acti-
vation (RAIDD-caspase-2, Apaf-1-procaspase-9, CED-4-CED-3, ARK-Dronc) [14]. CARD-containing proteins
that may inhibit or perhaps activate caspases (in particular, caspase-1) include Cardiak [40], ICEBERG [24],
Pseudo-ICE [41] and Cop. Apaf-1 forms the central platform of a molecular complex known as apoptosome for
caspase activation in intrinsic apoptosis pathway [42]. The apoptosome then recruits caspase-9 via the CARD
domain interaction between Apaf-1 and caspase-9 [16].

3.3. PYRIN Domain

The PYRIN domain proteins are the least understood in terms of possible roles in apoptosis, and no PYRIN-
PYRIN interactions have been clearly elucidated or their functions established in death signaling. Nevertheless,
there is an example of a PYRIN domain protein with a recognizable action: one of the zebra fish caspases carries
a PYRIN domain. Therefore, it is likely that the PYRIN, DED, and CARD domains on caspases all have similar
roles in caspase activation [14]. In the formation of inflammasome for activation of caspase-1, NALP1 interacts
with ASC through the PYD and with caspase-5 through the CARD. Other DD-containing proteins, such as an-
kyrin, MyD88 and Pelle, are probably not directly involved in cell death signalling. DD-containing proteins also
have links to innate immunity, communicating with Toll-like receptors through bipartite adapter proteins such as
MyD88 [43].

4. Role of Death Domains Superfamily in MS Pathogenesis

MS is characterized by activated autoreactive myelin-specific lymphocytes that home to the CNS where they in-
itiate a vicious cycle of inflammation and tissue damage [4]. In this regard, both subgroups of T helper cells
(Thl and Th2) are involved in pathogenesis of MS, although it is evident that the role of Th1l is more prominent
in comparison to Th2 [44] [45]. The presence of CD8+ T cells in pathogenesis of MS has also been reported [44]
[46]. However, other cells, such as B cells, macrophages and natural killer (NK) cells also contribute to the pa-
thogenesis [47]. In addition, CD8+ T cells are more prevalent in the MS lesions than the CD4+ T cells, and
CD8+ cells can recognize antigen presented on major histocompatibility I (MHC 1) on neurons and oligoden-
drocytes and kill the target cells [48]. Again, both CD4+ and CD8+ T cells can express ligands for DR [49].
Th17 cells, which generate inflammatory cytokines such as IL-17 and IL-21, are also involved in neuroinflam-
mation [44] [49]. Studies of EAE have indicated the role of myelin specific CD4+ Th1 and Th17 [50]. The mye-
lin specific CD4+ Thl and Th17 cells serve as driving force in the autoimmune processes [47]. It was suggested
that the selective loss of oligodendrocytes and their myelin sheaths occurs through a variety of mechanisms.
These may involve direct interaction with cellular immune mediators, demyelination antibodies as well as cyto-
kines, such as TNF superfamily [51].

This is because TNF-a and its receptors are part of a large and complex superfamily of homologous ligands
and receptors, whose show many biological functions overlap; bear an intracellular death domain and are able to
mediate apoptosis directly. Furthermore, investigations have demonstrated the effects of TNF-« at various stages
of pathology in MS, including oligodendrocyte death, demyelination, immune cell trafficking, cellular prolifera-
tion and MHC antigen expression [52]. Apart from direct OLG damage, TNF-a has been shown to mediate indi-
rect excitotoxic damage to OLGs and neurons by modulating the accumulation and release of glutamate from
astrocytes [53]. In humans, eight of the over 30 known TNF receptors contain DD in their cytoplasmic tails;
several of these TNF receptors use caspase activation as a signaling mechanism [54]. The ligands for DD con-
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taining receptors belonging to the TNFR superfamily present in MS lesions include FasL, TRAIL and TNF itself;
are up-regulated in response to pro-inflammatory cytokines [55] and have been described to mediate neuronal
and OLGs damage [56]. More important to note, FADD protein mediates apoptosis by coupling DR (such as Fas,
TNFRI, and TRAIL receptors) (Figure 1) with the caspase cascade [57]. Again, Mc Guire and his colleagues
show that FADD is critical for OLGs apoptosis and the development of autoimmune demyelinating disease [4].

TRAIL and its receptors are constitutively expressed in a variety of normal tissues, tumor cells [58] and hu-
man brain tissue [59]. Furthermore, the elevated TRAIL expression in blood mononuclear phagocytes of MS pa-
tients has been reported [51]. Moreover, OLGs have been shown to be one of TRAIL’s targets; thus TRAIL and
OLG interaction may potentially be the cause of the demyelination. In this regard, a study using a primary cul-
ture of OLGs revealed that ligation of TRAIL-R1 induces OLGs death in the presence of protein synthesis inhi-
bitor or pre-treatment with IFN-y [60]. Because, IFN-y is produced by lymphocytes in MS lesions, and systemic
administration of IFN-y exacerbates MS [55]. IFN-y can also be cytotoxic to OLGs in culture by modulating the
cellular response to injury; these responses involve up-regulation of Fas expression [61]. Another study suggests
that p53 mediated OLGs cell death is at least partially through the TRAIL receptor signaling pathway [62].
However, the susceptibility to TRAIL-induced death is dependent on low expression of decoy TRAIL-R3 (Table
2). Astudy in EAE has shown that rather than direct interaction, TRAIL may act through an indirect mechanism
[63]. Again, mice expressing the viral caspase inhibitor p35 selectively in OLGs are protected against myelin
oligodendrocyte glycoprotein (MOG) 35-55-induced EAE [64], this show that caspase dependent apoptosis of
OLGs play an important role in the pathology of EAE [4]. Similarly, specific deletion of Fas in OLGs partially
protects mice from MOG35-55-induced EAE [65]. Furthermore, when mice crossed to TNFR-1-deficient mice,
could acquire protection against EAE induction [4]. However, the role of TNFR-1 in EAE pathogenesis is not
only based on its expression in OLGs; rather, it may also be based on its role in mediating astrocytic, microglial,
and endothelial responses as well as peripheral immune responses [66]. Moreover, the protective effect of
TNFR-1 is yet to be clear, but may be due to the lack of TNFR-1 signaling in OLGs or other cell types [4].

Inflammation and OLGs injury are characteristic of MS and EAE. Inflammatory process often relies follow-
ing the activation of protein kinases, for instance IkB kinase, a proinflammatory kinase, which phosphorylates
IkB result to its degradation [67]. The degradation liberates NF-xB transcriptional factors which subsequently
induce the transcription of genes for immune and inflammatory responses (Figure 1) [68]. Moreover, some pro-
tein families such as caspases are involved in both apoptotic and inflammatory signalling; the identified caspases
are broadly categorized into initiators (caspase-2, -8, -9, -10), effector or executioners (caspase-3, -6, -7) and in-
flammatory caspases (caspase-1, -4, -5) [69]. The caspase activation may be regulated to signal cell death and
the kinase activation to signal inflammation. Moreover, caspase-1 a subclass of caspase involved in proinflam-
matory responses cleave pro-1L-15 to IL-18 leading to NF-xB activation and elicitation of proinflammatory res-
ponses [70] and innate immunity [16]. On the other hand, IL-18, as a proinflammatory cytokine initiates diffe-
rentiation of Th17, thus IL-1RI-deficient mice are resistant to EAE induction [71]. Furthermore, like the 1L-17
and 1L-22, IL-18 can enhance BBB disruption; promote microglia and astrocyte activation and stimulate the
demyelination process [72].

Caspase-11 is an apical caspase that activates caspase 3 and 1; highly expressed in both OLGs and infiltrating
cells, such as T lymphocytes in EAE lesions and shows to play significant role in both inflammation and apop-
tosis in certain pathological conditions [73]. Because, in vitro study shows that cell death induced by TNF-q,
IFN-y, or anti-Fas antibody, and the activation of caspase-3 by TNF-a and IFN-y were all reduced in caspase-
11-deficient OLGs, indicating that caspase-11 functions in a cell-autonomous manner to regulate cell death; thus
suggest that caspase-11 plays a vital role in the execution of OLGs death and the neurological manifestations of
MS and EAE [73]. Moreover, both TNF and FasL, two cytotoxic cytokines acting through the prototypical DRs
TNFR-1 and Fas, respectively, are highly expressed in MS and EAE [74] and can induce OLGs apoptosis in vi-
tro [75].

Many data showed that caspase-2 acts upstream of the mitochondria to initiate apoptosis [76]. In response to
DNA damage caspase-2 becomes activated by PIDDosome and NF-kB activation was mediated by RIP. The
PIDDosome consist of RAIDD, PIDD and caspase-2, formed through DD interaction between PIDD and
RAIDD and CARD interaction between RAIDD and caspase-2. In RIP mediated activation of NF-xB, PIDD
binds kinase RIP through DD interaction which this in turn interacts with the IKK complex for the activation. In
addition to the IKK complex, RIP2 can also interact with caspase-1 via its CARD domain, resulting in the clea-
vage and activation of pro-IL-15 [55] to IL-1 thus activates the inflammatory response.
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5. Conclusion

Inflammation and demyelination are characteristic features of multiple sclerosis. The inflammation is associated
with inflammatory responses triggered mainly by proinflammatory cytokines; while the demyelination is due to
oligodendrocytes destruction via apoptosis or necrosis. OLGs express death receptors; corresponding ligands
binding to these receptors may trigger apoptosis that may lead to its depletion; the OLGs are responsible for se-
cretion of myelin sheath needed for neurons in order to transmit the action potential. The DD superfamily me-
diates apoptosis and inflammation through protein-protein interaction of its subfamilies. The DD superfamily
proteins can also interact to form a complex for activation of proinflammatory cytokines which likely exacerbate
the pathogenesis of multiple sclerosis. However, determining triggers for these death receptors is likely to be
unclear as such more effort is required to clarify the factors responsible for this.
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