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Abstract. Parkinson’s disease (PD) is the second most common neurodegenerative disease and is characterized by the loss of
dopaminergic neurons in the substantia nigra and the abnormal aggregation and accumulation of the alpha-synuclein (a-syn)
protein into Lewy bodies. It is established that there is an association between inflammation and PD; however, the time
course of the inflammatory process as well as the immune cells involved is still debated. Natural killer (NK) cells are innate
lymphocytes with numerous functions including targeting and killing infected or malignant cells, antimicrobial defense, and
resolving inflammation. NK cell subsets differ in their effector function capacities which are modulated by activating and
inhibitory receptors expressed at the cell surface. Alterations in NK cell numbers and receptor expression have been reported
in PD patients. Recently, NK cell numbers and frequency were shown to be altered in the periphery and in the central nervous
system in a preclinical mouse model of PD. Moreover, NK cells have recently been shown to internalize and degrade a-syn
aggregates and systemic NK cell depletion exacerbated synuclein pathology in a preclinical mouse model of PD, indicating
a potential protective role of NK cells. Here, we review the inflammatory process in PD with a particular focus on alterations
in NK cell numbers, phenotypes, and functions.
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INTRODUCTION system and inflammation in PD has gained sub-
stantial ground. Elevated levels of pro-inflammatory

Parkinson’s disease (PD) is the second most com- cytokines including, interleukin (IL)-2, IL-6, and

mon neurodegenerative disease and is estimated to
affect 1 million people and cost $52 billion each year
in the United States alone [1]. While some treat-
ments for symptoms exist, there are currently no
disease modifying treatments available for PD. PD
is characterized by the abnormal aggregation of the
alpha-synuclein (a-syn) protein and dopaminergic
degeneration in the substantia nigra pars compacta
(SNpc). In recent years, the role of the immune

*Correspondence to: Jae-Kyung Lee, PhD, Department of
Physiology and Pharmacology, University of Georgia College of
Veterinary Medicine, 501 D.W. Brooks Drive, Athens, GA 30602,
USA. E-mail: jamlee@uga.edu.

tumor necrosis factor-a (TNF-a) have been reported
in PD patient cerebrospinal fluid (CSF) [2]. Extracel-
lular a-syn aggregates have been found in the CSF
and blood plasma of PD patients indicating the poten-
tial for a-syn to modulate immune responses in the
central nervous system (CNS) and periphery [3-6].
Recently, natural killer (NK) cells were shown to be
scavengers of a-syn aggregates and systemic deple-
tion of NK cells in a preclinical mouse model of
PD exacerbated synuclein pathology [7], thus impli-
cating a potential protective role of NK cells in the
context of PD. Investigating how immune cell popu-
lations, including NK cells, are altered throughout the
course of PD may help indicate potential therapeutic

ISSN 1877-7171 © 2022 — The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).
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targets. Here, we review the inflammatory processes
in PD with a particular focus on NK cells. We high-
light data from mouse models of PD as well as human
peripheral blood mononuclear cell (PBMC) data that
illustrate alterations in NK cell numbers, phenotypes,
and functions. The effect of aging on NK cells and
associated implications for PD are also discussed.

NATURAL KILLER (NK) CELLS

NK cells are granular lymphocytes that develop
from hematopoietic progenitors [8] and have been
found to reside in lymphoid and non-lymphoid tis-
sues [9]. In humans, NK cells comprise 10—15% of
total circulating lymphocytes [10]. NK cells serve an
important role in bridging the innate and adaptive
immune systems through the secretion of cytokines
and direct interaction with other immune cells [11].
NK cells are capable of targeting and destroying
malignant or virus infected cells through direct lysis
[12]. NK cells are able to destroy cells lacking major
histocompatibility complex I (MHC I) (“missing-
self””) without prior sensitization [13]. More diverse
roles for NK cells have recently been described,
including resolving inflammation [14, 15], modulat-
ing adaptive immunity [16, 17], antimicrobial defense
[18, 19], clearance of senescent cells [20], and for-
mation of immunological memory [21]. Effector
functions of NK cells are modulated by signaling
through a wide array of activating and inhibitory
receptors (receptors/ligands of mouse and human NK
cells reviewed in [22]). Alterations in NK cell recep-
tors have been reported in PD patients (discussed
below).

Human NK cells develop from CD45+ common
lymphoid progenitors (CLPs) which can “also
develop into B cells and T cells [23]. Human NK
cells are distinguished from other lymphocytes by
the expression of CD56 and CD161/~ and lack of
CD3, which distinguishes NK cells from T cells
[9]. Cluster of differentiation (CD) markers are
molecules expressed at the cell surface of immune
cells and are used to identify leukocyte and lympho-
cyte subsets [24]. For an in-depth review of NK cell
development see [9, 25]. Human NK cells are most
commonly divided into two major subsets based on
CD56 expression: CD564™CD16 and CD56Pright
[26]. A third human NK cell subset, CD56, has
been reported and this population is increased in
cases of chronic viral infection [27-29]. The major
human NK cell subsets and their functions are

Table 1
Major human NK cell subsets
NK Cell Characteristics & Functions References
Subset
CD56Pght  Robust cytokine production (IFNvy, [25, 30]
TNFa, GM-CSF, IL-10, IL-13)
Regulatory, immunomodulatory role [25,71]
} with age [85-87]
Major subset in CSF [34]
CD56%™  High cytotoxic capacity (30, 32]
41 perforin, granzymes, cytolytic [31]
granules
1 with age [87]
Major population in circulation [25]
(>90%)
CD56~ 4 in chronic viral infections [27-29]
| cytotoxic capacity [28]
} cytokine production [28]

1 Increased; | : Decreased.

summarized in Table 1. Up to 90% of circulating
human NK cells are CD56Y™CD16% [25]. CD56 can
also be used to determine NK cell maturation status.
CD56"ight NK. cells are considered to be immature
while CD56%™ NK cells are considered to be mature
[30]. Compared to CD56™EMCDI16~ NK cells,
CD56%™CD16% NK cells have naturally higher
cytotoxic effector functions, increased perforin,
granzymes and cytolytic granules, and were shown
to'be the primary NK cell subset responsible for anti-
tumor cytotoxicity [31, 32]. The CD56"EMCD16~
population is thought to serve a more regulatory role
[25]:and produce large amounts of pro-inflammatory
cytokines such as IFN-y, TNF-a, IL-10, IL-13,
and GM-CSF [33]. In human CSF samples, the
majority of NK cells are CD56P1 € [34]. Murine
NK cells are defined by their expression of CD11b
and CD27 [9]. Expression of CDI11b and CD27
change based on the maturation of murine NK
cells and can be used to define maturation subsets:
CDI11b°YCD27"°% (immature), CD11b°¥CD27high
(intermediate), CDI11bMePCD27high  (intermedi-
ate), to CD11bMe"CD27!°% (mature) [35]. CD27
CD11b* NK cells have increased effector functions

[9].
NK CELLS IN PD

NK cells have been identified as a biologically
meaningful cluster of cells within the brain [36].
We recently demonstrated that NK cells internal-
ize and degrade a-syn aggregates in vitro through
the endosomal/lysosomal pathway [7]. Immunohis-
tochemistry analysis has shown the presence of NK
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Table 2
Reported NK cell changes in PD patients compared to healthy

controls
NK cell Population MIINC Reference

Compared
to HC

CD3~CD56™ 1 [41]
CD56™ or CD16% 1 [39]
CD3*CDs56" t [40]
CD37CD567CD16+ t (38]
Not defined 0 [42]
CD567CD161CD57-CD28~ 1 [43]
CD56TCD16TCD57+CD28~ 1 [43]
CD56TCD16+7CD57+CD28* N [43]
NK cell Receptors
CD3~CD56"NKG2D* NC [41]
CD3~CD56"CD314% (NKG2D) 4 [39]
CD3 CD56"NKG2A™" { [41]

HC: healthy control; 1: Increased; | : Decreased; NC: no change.

cells in postmortem synucleinopathy patient brain
samples where robust p-a-syn inclusions were also
located [7], indicating proximity to scavenge a-syn
aggregates. Importantly, in the presence of a-syn
aggregates NK cell cytotoxicity was attenuated and
IFN-v secretion was decreased, indicating that NK
cells were not aberrantly activated by a-syn [7]. This
contrasts the response microglia display to a-syn
aggregates which leads to the production of pro-
inflammatory cytokines and reactive oxygen species
[37]. Therefore, this newly identified function of NK
cells may prove to be a useful therapeutic tool to
reduce a-syn burden without activation and potential
increases in inflammation.

Several groups have reported higher percentages
of NK cells in PD patient blood samples compared
to healthy controls determined via flow cytomet-
ric analyses [38—41] (summarized in Table 2). It is
important to note that most of the availabledata
regarding NK cell alterations in human samples do
not distinguish NK cell subsets but rather; group
all NK cells as CD561 without regard for the dis-
tinct changes that may be occurring in the various
NK cell populations. Huang et al. recently reported
resting NK cells are significantly increased in PD
patient peripheral blood compared to healthy controls
using the CIBERSORT method [42]. Furthermore,
utilizing gene set enrichment analysis (GSEA) of
Kyoto encyclopedia of genes and genomes (KEGG)
showed that NK cell mediated cytotoxic pathways
were enriched in blood of PD patients [42], implicat-
ing potential increased activation status of NK cells
within the periphery. Tian et al. reported an increase
in frequency of CD56" CD16% CD57~ CD28~ and

CD56" CD16" CD57% CD28~ NK cell populations
in PD patients compared to healthy controls [43].
CD28 has been considered an activating receptor
on NK cells and through its interaction with other
receptors is associated with degranulation, target cell
lysis, and production of proinflammatory cytokines
[44]. CD57 expression is considered a marker of NK
cell maturation and is associated with high cytotoxic
capacity [45]. Tian and colleagues also demonstrated
that increased CD57-CD28™ NK cells were asso-
ciated with increased UPDRS scores, indicating an
increased population of less cytotoxic NK cells with
disease severity [43]. Further analysis should be done
to evaluate alterations in NK cell cytotoxic pathways
at varying stages of PD, as increased or decreased
cytotoxic activity may influence potential protective
mechanisms of NK cells. It is generally accepted
in the field that NK cell cytotoxicity declines with
age [46], so evidence that NK cell mediated cyto-
toxic pathways are-enriched in PD patient blood may
indicate a potential immunotherapeutic target. While
evidence of increased cytotoxic pathways has been
reported, functional assays are needed to truly eval-
uate these results. Moreover, while cytotoxicity is a
critical NK cell effector function, further evaluation
of the role of NK cell cytotoxicity in PD is war-
ranted to draw conclusions surrounding alterations
in cytotoxic NK cell subsets. Alterations in NK cell
receptors have also been reported. NK cell function
is-mediated by a variety of activating and inhibitory
receptors expressed at the cell surface [47]. There
are three major subsets of human NK cell recep-
tors: killer cell Ig-like receptor (KIR) superfamily,
C-type lectin superfamily, and natural cytotoxicity
receptors (NCRs) [48]. KIRs are a family of acti-
vating and inhibitory receptors that are thought to
be involved in the development of NK cell tolerance
[49]. KIRs are encoded by the highly polymorphic
KIR genes [50]. A recent study investigated the allelic
variation of KIR in relation to PD symptoms and
found KIR3DL1 variants protect from motor symp-
toms of PD [50]. NKG2A is an inhibitory receptor
that recognizes HLA-E [51]. PD patients displayed
decreased NKG2A+ NK cells compared to non-PD
controls [41]. Conflicting findings of NKG2D have
been reported. Mihara et al. reported no difference
in frequency of NKG2D+ NK cells in PD patients
compared to healthy controls [41], while Niwa et al.
reported increased percentage of NKG2D+ NK cells
in PD patients [39].

It is reported that up to 35% of PD patients also
have comorbid depression, thus a recent study by
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Green et al. examined the levels of pl1, a protein
implicated in depression, in peripheral leukocyte pop-
ulations [52]. p11 is a member of the S100 EF-hand
protein family [53]. Previous work has demonstrated
thatinrodent models of PD, p11 expression is upregu-
lated in dopaminoceptive neurons following L-DOPA
treatment [54-56], implicating a potential role in PD.
Interestingly, levels of p11 in NK cells isolated from
peripheral blood of PD patients were shown to be pos-
itively associated with severity of PD as determined
by the UPDRS score [52]. Therefore, p11 levels in
peripheral blood NK cells may be another marker to
monitor PD progression.

Idiopathic rapid eye movement sleep behavior
disorder (iRBD) has been identified as a prodromal
marker for synucleinopathies [57]. A recent study
reported an increase in the percentage of CD564™m
NK cells (defined as TLR2-CD569™) in iRBD
patients compared to healthy controls [58]. No
difference in the CD56ght NK cell (defined as
TLR2-CD56"€M) population was observed [58].
These findings suggest that NK cell alterations
may be occurring early on in synucleinopathy
pathogenesis.

Gastrointestinal disturbances are common non-
motor symptoms of PD patients and can be present
for years prior to the development of motor symptoms
[59]. Patients with inflammatory bowel disease (IBD)
are more likely to develop PD than non-IBD patients
(reviewed in [60]). NK cells have been implicated in
IBD pathogenesis [61, 62]. KIR polymorphisms have
been linked to IBD risk [63]. Thus, NK cell alterations
may be occurring in the prodromal phase of PD. Fur-
ther research is needed to investigate alterations in the
gastrointestinal NK cell populations and how poten-
tial changes in this population may correlate with PD
development.

Preliminary data from our lab suggests that expres-
sion of NK cell activating and inhibitory receptors
may be altered on NK cell subsets in PD patients.
Our data suggests no differences in frequency of NK
cells between PD patients and healthy controls, how-
ever, NK cell subsets were altered in PD patients
when samples were stratified by UPDRS score and/or
disease duration (unpublished observation). Further-
more, our preliminary data indicates that NK cell
receptors, such as NKG2A, NKG2D or CX3CR1,
may be altered on NK cell subsets in PD patients
(unpublished observation). Further investigation into
receptor expression on NK cell subsets is needed
to fully elucidate potential alterations in NK cell
subsets throughout the course of PD pathogenesis.

Additionally, factors such as genetic mutations, med-
ication usage, and sex should be considered when
analyzing such data to provide a more complete
understanding of these immune cell alterations.

NK CELLS IN ANIMAL MODELS OF PD

Recently, we illustrated that intrastriatal injec-
tion of preformed fibril (PFF) a-syn in WT altered
immune cell profiles in the brain and periphery
[64]. Synuclein pathology was observed in multi-
ple brain regions (primary motor cortex, striatum,
SNpc, and hippocampus) and was detected in the
small intestines of PFF a-syn injected mice 5 months
post-injection [64]. In PFF a-syn injected mice, NK
cell frequency in the CNS parenchyma was increased
compared to control mice that received monomer o-
syn injection [64]. Increased frequencies of B cells,
CD4+ and CD8+ T cells, and CD11b+CD45"e" infil-
trated macrophages and a decreased frequency of
CD11b+CD45°" microglia were also observed in
the CNS parenchyma of PFF a-syn injected mice
compared to monomer [64]. Furthermore, a single
intrastriatal PFF a-syn injection altered the periph-
eral immune cell profiles of these mice 5 months
post-injection [64]. Total leukocyte numbers were
increased in the inguinal lymph nodes and spleens
but not in the blood of PFF «a-syn injected mice
compared to monomer a-syn injected mice 5 months
post-injection [64]. NK cell numbers were increased
in the spleens of PFF a-syn injected mice compared
to monomer a-syn injected mice, and decreased fre-
quency and numbers were observed in the inguinal
lymph nodes and blood, respectively [64]. These
results suggest that a CNS initiated pathology is a
sufficient trigger to influence the peripheral immune
response.

We recently demonstrated that systemic NK cell
depletion in a preclinical mouse model of synucle-
inopathy resulted in increased p-a-syn pathology in
the striatum, SNpc, and brainstem [7]. The M83 trans-
genic mouse line, which overexpresses the human
AS53T mutant a-syn protein [65], was utilized in
combination with intrastriatal injection of PFF a-syn
(or monomer a-syn as the control) in combination
with a systemic NK cell depletion strategy. NK cells
were systemically depleted via a NK1.1 monoclonal
antibody (mAb) delivered via intraperitoneal injec-
tion beginning 2 days prior to stereotaxic injection
of a-syn and every 5 days thereafter [7]. Impor-
tantly, to confirm NK cell depletion flow cytometric
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analysis of the brain, spleen and inguinal lymph
nodes was performed [7]. When serum cytokines
were analyzed in NK cell depleted mice (without
a-syn injection) it was observed that IFN-y was sig-
nificantly diminished [7]. As NK cells are major
producers of IFN-vy [66], this observation further val-
idates the effectiveness of the monoclonal antibody
depletion strategy. However, the depletion of IFN-y
raises the question of its importance in PD pathogen-
esis. Are the effects observed due to the lack of NK
cells themselves, or the IFN-+y they secrete? IFN-y is
an important immune modulator with a wide range
of functions (reviewed in [67]). Blood plasma lev-
els of IFN-v have been shown to be increased in PD
patients [68]. Further investigation into the role of
IFN-v itself as a potential mediator of PD patho-
genesis is warranted. Astrogliosis and microgliosis
were also evaluated in these mice via immunohisto-
chemistry. PFF a-syn injected NK cell depleted mice
displayed significantly increased GFAP (astrocyte
marker) immunoreactivity in the striatum and SNpc
and significantly increased Iba-1 (microglia marker)
immunoreactivity in the striatum, SNpc, and brain-
stem [7], indicating a heightened neuroinflammatory
status. The NK cell depleted PFF a-syn injected
mice displayed progressively increased clasping task
scores [7]. Furthermore, NK cell depleted PFF a-syn
injected mice developed significantly increased clin-
ical symptom scores [7]. The data from this study
illustrates a potential protective role of NK cells in
the context of PD. Thus, it could be postulated that
an increased NK cell population may be beneficial.
As discussed previously, NK cells are increased in
the blood of PD patients compared to healthy con-
trols. It is possible that this increase is reflective
of a compensatory mechanism aimed at mitigating
disease pathogenesis. Further evaluation of NK cell
alterations in PD patients (e.g., receptor expression,
subsets) and their function in PD patients- is war-
ranted.

NK CELLS IN AGING: IMPLICATIONS
FOR PD

The primary risk factor for development of neu-
rodegenerative diseases is aging [69]. It is well
established that aging significantly impacts the
immune system. Throughout the aging process the
immune system undergoes a process of reorga-
nizational and compensatory modulations termed
immunosenescence [70]. Aging results in an increase
in the number of NK cells [46], a redistribution of

NK cell subsets, and altered phenotype and functions
[71]. An increase in the CD56%™ NK cell popula-
tion is observed with age, while the CD56bright gubset
decreases [71]. NK cell cytotoxicity is thought to
decline with age [46]. Aging may also contribute to
impaired crosstalk between the innate and adaptive
immune systems [46]. Therefore, aging may impact
potential protective effects of NK cells in the context
of PD. Despite increased numbers of NK cells with
age, alterations in their effector functions may prove
to be detrimental for PD pathogenesis.

Our recent analysis of the splenic immune cell pro-
files of young (2-3 months) and aged (18—22 months)
C57BL/6J mice revealed a significant age-dependent
decrease in NK cells (numbers and frequency) [72].
Importantly, sex differences were investigated in this
study as many neurodegenerative diseases, includ-
ing PD, are sex-biased [73]. Further analysis of the
NK cell population in these mice revealed an age
dependent increasein expression of CD107a (degran-
ulation marker) - and NKG2D (activating receptor)
in males, but no age-dependent alterations in these
markers in NK cells isolated from females [72]. No
alterations in the expression of CX3CR1 (chemo-
tactic marker) or NKG2A (inhibitory marker) were
observed across age or sex [72]. These results indi-
cate that in aged males, NK cells may be in a more
activated or primed state and may contribute to a more
pro-inflammatory state. Furthermore, when treated
with IL-2, age-dependent increases in IFN-y produc-
tion were observed in both sexes [72], indicating a
hyperreactive response with age. Alterations in [FN-vy
production may have wide reaching effects as IFN-
v is an important immune modulator. IFN-v aids in
Th1 development, contributes to macrophage func-
tion, increases immune cell trafficking to infection
sites, and induces expression of major histocompat-
ibility complex class I and II on antigen presenting
cells (reviewed in [67]). As previously mentioned,
in PD patients blood plasma levels of IFN-y have
been shown to be increased [68]. It was also reported
that age may impact NK cell capacity to handle a-
syn aggregates in WT mice [72]. NK cells isolated
from spleens of aged C57BL/6J female mice showed
decreased internalization of a-syn aggregates com-
pared to young female mice [72]. However, NK cells
from aged male mice showed no difference in inter-
nalization or clearance of a-syn aggregates compared
to young male mice [72]. Alterations in the efficiency
of internalization and clearance of «-syn aggre-
gates may lead to increased synuclein burden thereby
potentially contributing to disease progression.
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NK CELLS IN OTHER
NEURODEGENERATIVE DISEASES

Much of what is known about NK cells in the
context of CNS diseases is derived from investi-
gations of their role in experimental autoimmune
encephalomyelitis (EAE) models of multiple scle-
rosis. Studies have shown that NK cells homing to
the CNS was essential for ameliorating disease in
EAE [74], implicating that NK cells exert protective
effects. An immunoregulatory and neuroprotective
role for NK cells has been suggested due to their
ability to migrate to the inflamed CNS and inhibit
activation of autoreactive T cells through killing of
activated microglia [33]. It was recently shown that
the gut microbiome licenses IFN-y expression in NK
cells which promotes TRAIL expression in astrocytes
that limit CNS inflammation [75]. Additionally, NK
cells have been used as an immunotherapeutic for
glioblastoma [76-78], illustrating their potential as a
treatment strategy for CNS diseases.

In a recent study investigating the effects of NK
cells in Alzheimer’s disease (AD), depletion of NK
cells was shown to enhance cognitive function and
reduce neuroinflammation in the 3xTg mouse model
of AD [79], implicating a deleterious effect of NK
cells in the context of AD. Importantly, in this study
levels of amyloid-f3 were not altered following NK
cell depletion [79]. The role of NK cells in AD is
reviewed in [71]. Jin et al. demonstrated that sys-
temic NK cell depletion in aged wild type mice
improved spatial learning in the Morris water maze
and improved hippocampal long-term potentiation
[80], further supporting the notion that NK cells may
be detrimental to cognitive function. These studies
present contradictory evidence of NK cell deple-
tion to a study utilizing a similar NK cell depletion
strategy in a PD model [7], thus indicating that dis-
ease context may influence protective and/or negative
effects of NK cells. However, it is also important to
note that differences in NK cell depletion strategies
may also influence outcomes. In the study from our
group, M83 Tg mice (8—10 weeks old) received an
initial dose of 100 pg of anti-NK1.1 monoclonal anti-
body (mAb) 2 days prior to stereotaxic injection of
a-syn and thereafter 50 pg of anti-NK1.1 mAb was
administered every 5 days for 10 weeks, the entire
duration of the study [7]. Zhang et al. administered
25 ngof anti-NK1.1 mAb in 7-8 month old 3xTg-AD
mice every 4 days for 4 weeks, the end of experiments
[79], and Jin et al. administered 100 pg of anti-NK1.1
mAbinaged WT mice (18 month old) every 5 days for

1 month, the end of experiments [80]. In addition to
differences in disease/pathological contexts (PD, AD,
aging) and NK cell depletion strategies, the various
mouse lines utilized in these studies may also influ-
ence outcomes as differences in immune phenotypes
and/or functions have been reported across different
mouse strains in other disease contexts [81, 82].

Of importance, expression of ligands for NKG2D
by damaged neurons has recently been reported. In
a model of peripheral nerve injury, it was demon-
strated that retinoic acid early transcript 1 (RAE1), a
ligand for the NK cell activating receptor NKG2D,
is expressed on damaged neurons, leading to NK
cell mediated neurodegeneration [83]. This NK cell-
mediated clearance of damaged neurons led to
decreased mechanical hypersensitivity post injury
[83]. In a mouse model of amyotrophic lateral scle-
rosis (ALS), spinal cord neurons expressed increased
levels of the NKG2D ligand MULT1 but not RAE1
[84]. Thus, in the presence of a-syn aggregates neu-
ronal expression of NK cell ligands needs to be
evaluated. In addition to scavenging extracellular o-
syn aggregates [7], if damaged neurons express NK
cell ligands in the context of PD, NK cells may exert
protective effects by specifically targeting those neu-
rons, thereby preventing further propagation of a-syn
aggregates.

CONCLUSIONS AND FUTURE
DIRECTIONS

Evidence from different neurodegenerative dis-
eases indicates there is not a “one-size-fits-all” when
it comes to the effects of NK cells on disease phe-
notypes. The specific differences in pathologies and
inflammatory states within different neurodegenera-
tive diseases may influence the potential protective
or deleterious effects of NK cells. The presence of
NK cells in PD brains has the potential to impact
and change the way we view the role of the immune
response to a-syn-induced inflammation and neuro-
toxicity in the CNS. The potential neuroprotective
mechanisms of NK cells within the CNS include 1)
a-syn clearance, 2) changes in the expressions of lig-
ands on neurons/glia for NK cell receptors and 3)
interaction with infiltrated peripheral immune cells
in the CNS.

Potential effects of NK cells in the periphery dur-
ing synucleinopathy pathogenesis need to be further
investigated, particularly within the gastrointestinal
system. Evidence has shown alterations in NK cell
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numbers and receptor expression in PD patients, but
how these alterations influence disease pathogene-
sis/progression requires more investigation. Immune
profiling studies to determine how different subsets of
NK cells in the CNS and the periphery may be altered
in PD will provide a novel direction to study poten-
tial mechanisms of NK cells in PD. In addition to
the functional role of NK cells, NK cell immunose-
nescence associated with ageing affects the health
of older adults. Whether NK cell function/number
diminishes with aging such that it results in the
accumulation of a-syn aggregates and decelerates
resolution of immune responses will be an additional
key question to be addressed.

Overall, the research surrounding the role of NK
cells in PD is limited. While there is evidence that
indicates that NK cells are altered in PD pathogene-
sis and can clear a-syn aggregates in vitro, the exact
role of NK cells in PD has yet to be fully elucidated.
Furthermore, how NK cells potentially interact with
neurons and glia in the CNS during PD pathogenesis
needs to be explored. The mechanism behind NK cell
internalization and degradation of a-syn aggregates
also warrants further investigation.
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