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Programmed cell death and natural
killer cells in multiple sclerosis: new
potential therapeutic targets?

Multiple sclerosis (MS) is a chronic, severe and complex disease of still
uncertain etiopathogenesis, with lesions in the cerebral white matter
and spinal cord. The disease is heterogeneous, but is characterized by
neuroinflammatory and neurodegenerative processes, usually associat-
ed with altered activation of the immune system following presumable
stimulation by still unknown autoantigens. Several data confirm that
MS is a systemic disease involving the central and peripheral nervous
systems (Macchi et al., 2015). The role of adaptive immunity, sustained
by T and B cells, in MS has been studied for decades. More recently,
however, increasing attention has been paid to the role of innate im-
munity in MS progression. Our understanding of the molecular and
cellular bases of the innate immune responses, showing heterogeneity
of their genotypic and phenotypic features, has been improved in re-
cent years. Non-cellular components of the innate response include
cellular sensors of microbial components including pattern recognition
receptors (PRRs), mediators of the intracellular signaling triggered by
PRRs, cytokines, and other effector molecules. Signaling pathways of
programmed cell death (PCD) play important roles in the innate re-
sponse. In addition, cellular components of the innate response include
innate lymphoid cells (ILCs) exerting natural killer (NK) activity and
interferon (IFN)y production, plasmacytoid dendritic cells involved in
IFNy production, and monocytes/macrophages. Innate response effec-
tors have also been recently recognized to exhibit memory of previous
responses, and related phenomena have been termed “trained immuni-
ty” (Quintin et al., 2014).

An overall analysis of the role of innate responses in MS is beyond
the aim of this perspective, and it has been extensively reported in a
recent review (Fernandez-Paredes et al., 2016). This perspective focuses
on two selected components of innate immunity, namely, PCD and NK
cells, as potential therapeutic targets in MS. These two components of
the innate response share the eventual aim of their functional roles: the
death of targeted cells. Processes that regulate survival/death within the
central nervous system (CNS) and in peripheral blood mononuclear
cells (PBMCs) of MS patients are involved in the progression of the
disease.

Apoptosis is the best known form of PCD. PBMCs from MS patients
affected by relapsing-remitting MS and the secondary-progressive form
of the disease are less susceptible to apoptosis induced by activation
with phytohemagglutinin, in comparison with age-matched controls,
despite high expression of the Fas receptor (Macchi et al., 1999). Fail-
ure to trigger activation-induced apoptosis in PBMCs of MS patients,
rather than an intrinsic defect in the apoptotic machinery, is attributed
to defective Fas-ligand production that is negatively correlated with
disability score (Macchi et al., 2001). A recent study reported impaired
activation-induced cell death in T helper (Th)17 compared with Th1
clones from healthy individuals and MS patients that was associated
with reduced levels of Fas-ligand transcription in the same clones
(Cencioni et al., 2015). Considering the higher Th17/Th1 cell ratios in
PBMC:s from MS patients with respect to healthy individuals, this could
explain previous results. Moreover, a preferential transcription of apop-
tosis-related genes has been recently observed in clinically isolated syn-
drome (CIS) with early demyelination switching to MS, in comparison
with non-converting CIS patients (Hagman et al., 2015). All these data
depict a sort of discrepancy between expression of apoptotic markers
and failure to undergo PCD in PBMCs from MS patients, with a profile
of resistance to apoptosis and favoring immune activation of potential-
ly autoreactive lymphocytes. Regarding the CNS, although the origin of
the plaques, a major pathognomonic event of MS, are heterogeneous, it
seems that early lesions are characterized by oligodendrocyte apoptosis
and microglial activation with limited lymphocyte infiltration. In pre-
active lesions from autopsy specimens from MS patients, recruitment
of cytokines and oxidative stress mediators are observed and consid-

ered to be the main causative stimulus for apoptotic cell death in the
brain during MS (Haider et al., 2011). The interpretation of neural cell
death in MS has been recently revised. Ofengeim et al. (2015) provided
evidence that necroptosis, a newly recognized form of PCD, plays a role
in MS. In particular, they showed defective expression of the activated
form of caspase-8 in microglial cells that was associated with activation
of the characteristic markers of necroptosis receptor-interacting serine/
threonine-protein kinase (RIPK)1, RIPK3 and mixed lineage kinase
domain-like (MLKL) in cortical lesions from MS brain. This evidence
could add an important piece to the puzzle of death of neural cells in
MS brain, suggesting that microglia make oligodendrocytes more sus-
ceptible to necroptosis (Ofengeim et al., 2015). Thus, results in humans
seem to contrast, at least partially, with those obtained in animal mod-
els of MS in which oligodendrocyte PCD is caspase and death receptor
dependent.

This emerging picture of PCD in MS could contribute to define the
immunopathological aspects of MS, while suggesting novel strategies
for therapeutic intervention. For example, administration to MS pa-
tients of specific, exogenous apoptotic stimuli, such as Fas-ligand or
Fas-agonist antibodies, could kill dangerous immune-activated cells
at the peripheral level without causing PCD-related damage in the
brain. In addition, the simultaneous administration of pharmacologi-
cal agents capable of reducing inflammatory and/or oxidative stress or
negatively interfering with necroptosis could be beneficial against CNS
damage during MS, without hindering attempts to eliminate detrimen-
tal activated lymphocytes at the peripheral level.

Another important role for innate immunity during MS is played by
NK cells. Following the initial recognition and definition of NK cells
according to morphological and functional criteria, recently, a more
complex scenario for these cells, endowed with a fundamental immu-
noregulatory role, has been revealed. NK cells are now recognized to
belong to group 1 of ILCs. They can exhibit a phenotype that can be
distinct or in common with other lymphocytes and, once activated,
can secrete immunoregulatory cytokines and chemokines, regulate the
immune and the inflammatory response, and kill target cells. The NK
cells, distributed in blood, secondary lymphoid organs, and in periph-
eral organs exhibit a CD3~ phenotype and are subdivided in CD56'™
(90%) mostly cytotoxic, and CD56""" (10%) mainly regulatory (Poli
et al., 2009). Several studies have highlighted the role of NK cells in MS
at the CNS as well as peripheral level. Initial studies have shown failure
of NK activity in PBMCs of MS patients. Further studies have revealed
that NK cells mature in the CNS and engage different ligands on neural
target cells, which suggests the mechanisms underlying the regulato-
ry role of NK cytotoxicity in the CNS of MS patients. A decrease in
peripheral NK activity was correlated with the relapsing phase of MS,
which preceded onset of clinical attacks, as well as with the emergence
of active plaques and exacerbation of the disease (Chanvillard et al.,
2013). Subsequent studies in an expanded cohort of MS patients found
that the frequency of NK cells expressing the chemokine receptor,
CX3CRI, in peripheral blood, was decreased in the stable phase of the
disease, while it increased during relapse. NK cells are also present in
cerebrospinal fluid of MS patients with an increase in regulatory/effec-
tor (CD56™"/CD56"™) ratio, in comparison with other inflammatory
neurological diseases. This suggests that expansion of the regulatory
subset of NK cells reflects an attempt to contrast the immune activation
typical of MS (Rodriguez-Martin et al., 2015). Other data suggest that
the engagement of the NKG2D receptor on target cells is important in
the regulation of the autoimmune response by some NK cells in the
CNS. Alteration in the expression of NKG2D receptors in autoreactive
T cells could lead to their activation, aimed at interacting with NKG2D
ligands present on CNS cells such as oligodendrocytes or astrocytes
(Saikali et al., 2007). The immunoregulatory activity of NK cells in MS
seems to involve an NKG2D receptor/ligand interaction. How NK cells
eliminate target autoreactive cells remains to be elucidated. Neverthe-
less, it seems that activated CD56""" NK cells eliminate activated au-
toreactive T cells through a caspase-independent cytotoxic mechanism
based on the release of granzyme A and granzyme K (GRK), accompa-
nied by mitochondrial failure and release of intracellular reactive oxy-
gen species. Involvement of GRK was supported by GRK gene silencing
with siRNA, which abolished the ability of human CD56"*" expressing
NK cells to kill autologous activated T cells. ILCs and NK cells recently
gained attention in MS because they were found to be modulated and/
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or redistributed following therapy with disease-modifying drugs. The
approved first-line therapy for MS consists of interferon p (IFN-f) and
glatirameracetate (GA). Following treatment with IFN-p, an expansion
of CD56"" NK cells occurs in the peripheral blood of responders,
and this is associated with an increase of NKG2A NK' in comparison
with non-responders (Martinez-Rodriguez et al., 2011). GA increases
the cytotoxic activity of NK cells from MS patients compared with ma-
ture and immature autologous dendritic cells. NK cells from patients
showed increased expression of the NK-activating cytotoxic receptors
NKp30, NKp44, NKp46 and NKG2D (Hoglund et al., 2013). Among
the options for second-line therapy, natalizumab has an effect on NK
cells. The phenotypical analysis of lymphocytes from MS patients after
1 year treatment with natalizumab showed a decrease of regulatory CD-
56™" NK cells and a simultaneous increase of cytotoxic CD56"™ NK
cells. Selective targeting was ascribed to high expression of the adhesion
molecule very late antigen-4. This effect was followed by functional res-
toration of T-cell responsiveness versus specific antigen or mitogens at
the peripheral level. Treatment with natalizumab led to sequestration of
cytotoxic NK cellsin the blood, prevention of their migration into the
CNS, and amelioration of the inflammatory process (Mellergard et al.,
2013). Redistribution of NK cells was also observed in PBMCs of MS
patients treated with FTY720 (fingolimod), a sphingosine 1-phosphate
receptor agonist, which aimed to decrease inflammation in the CNS.
Egression of CD56"®" CD62L" CCR7" NK cells from the periphery to
secondary lymphoid organs in treated MS patients, in comparison with
untreated patients and healthy donors, was detected (Johnson et al.,
2011). Patients enrolled in clinical trials with daclizumab exhibited a
decreased number of activated and regulatory T cells, likely following
inhibition of interleukin (IL)-2 stimulation through the receptor. Con-
versely, IL-2-driven stimulation of cytotoxic activity and expansion of
CD56bright NK cells from MS treated patients was observed (Martin et
al., 2010). Recent studies have confirmed that the individual variability
of CD56™" cells in MS patients under treatment with daclizumab
could partly provide prognostic information (Elkins et al., 2015). The
potential targets of drugs in MS are summarized in Table 1. These data
show that ILCs/NK cells can be efficiently targeted by drugs that, at
least partially, reverse the autoimmune, inflammatory and neurodegen-
erative responses in MS patients. This suggests that death of selected
target cells induced by NK cells could be one of the mechanisms in-
volved in the beneficial effects of these drugs.

Table 1 Ascertained or potential molecular targets of therapeutic
interest for innate responses in multiple sclerosis

Components of the innate Molecular targets in

response PBMCs and CNS Agonist/inhibitor

Apoptosis/Necroptosis FAS *Fas-L agonists

FAS-L
RIPK1 *RIPK -inhibitors
RIPK3
MLKL

ILCs/NK cells CD56 bright IFN-B, Daclizumab
NKG2A IFN-B
CX3CR1 *CX3CRI inhibitor
NKG2D Glatiramer acetate
Homing marker CCR7 Fingolimod

*Potential drugs. CNS: Central nervous system; IFN-f: interferon f; ILCs:
innate lymphoid cells; MLKL: mixed lineage kinase domain-like; NK:
natural killer; PBMCs: peripheral blood mononuclear cells; RIPK: receptor-
interacting serine/threonine-protein kinase.

Recognition of the regulatory roles of PCD and NK cells, two ma-
jor components of innate immunity, towards the inflammatory and
adaptive immune responses has improved investigation of their phar-
macological targeting in diseases associated with dysfunction in these
responses. Both the restoration of an apoptotic response and improve-
ment of NK cell activity could lead to cell death-dependent inhibition
of autoreactive T-cell activation and the restoration of specific T-cell
responses in MS. Great efforts have been already made to find reliable
therapeutic agents and corresponding markers of response to therapy
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in MS. However, results await clarification, and side effects can reduce
the utilization of some drugs. In this scenario, PCD and NK cells seem
to represent intriguing and promising targets for the development of
novel therapeutic strategies to control the progression of MS.
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