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Abstract: Background/Objectives: The activation of microglia and the activity of innate im-
munity have recently been recognized as part of Parkinson’s Disease (PD) pathophysiology.
Triggering receptor expressed on myeloid cells 2 (TREM2) is a gene with neuroprotective
roles. Its variations are associated with microglial-associated neurodegeneration. The
objective of the present review is to investigate the current evidence on the role of TREM2
in PD pathophysiology. Methods: A comprehensive search was performed using PubMed,
Medline, and Web of Science, looking for English papers investigating the role of TREM2
in PD, or more in general, the genetic profile of microglia. Results: Thirty-one papers were
considered relevant. Preclinical studies with PD models showed some contradictory results,
even if a loss of function of TREM2 is generally associated with a microglial activation in
a-synuclein-induced inflammatory processes. The role for TREM2 genetic variations in PD
patients should be taken with even more caution. The increase in the soluble extracellular
segment of TREM2 (sTREM2) in cerebrospinal fluid of PD patients seems to be associated
with increased risk of cognitive decline. Conclusions: There is increasing evidence that
TREM2 may have an important role in PD pathophysiology as demonstrated by preclinical
and clinical studies. Further investigations are needed to confirm this role and may lead
the way for future targeted therapies for different neurodegenerative disorders.

Keywords: TREM2; PD; Parkinson’s disease; neuroinflammation; microglia; neurodegenerative
disorders

1. Introduction

Parkinson’s disease (PD) is a neurodegenerative disease that belongs to the synucle-
inopathies. The disease is characterized by the progressive loss of dopaminergic neurons in
the substantia nigra (SN) and by the pathological accumulation of intraneuronal aggregates
of alpha-synuclein (a-syn) [1]. The latter is considered as the potential diagnostic biomarker
for PD, although definitive evidence is needed to consider it as a definitive biomarker for
the disease [2]. Another crucial feature of PD is the activation of microglia and the activity
of innate immunity, as consistently demonstrated in human studies of the brains of affected
individuals using in vivo imaging techniques and post-mortem studies [3,4].

Microglia cells constitute the brain’s resident immune component and display a
phenotype similar to that of mononuclear macrophages, with the fundamental role of
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protecting the central nervous system (CNS). Consequently, when activated, microglial cells
evoke neuroinflammation and chronic neuronal damage, releasing inflammatory molecules
(i.e., cytokines) and covertly diminishing their role in tissue surveillance [5]. This also
causes changes in the interactions with synapses and prolongs the inflammatory response,
leading to CNS damage. Furthermore, variations in immune response gene clusters, the
expression of immunoglobulin family members, and several related microRNAs, as well
as the expression of NF-«B, and pro-inflammatory cytokines and apoptotic biomarkers in
human microglia and mouse brain supported this evidence. Precisely, it has recently been
shown that variations in the activation of the triggering receptor expressed on myeloid
cells 2 (TREM2), one of several genes whose expression is restricted to microglia in the
brain, increase the risk of developing PD [6]. This causes microglia cells to progressively
acquire a unique transcriptional and functional signature and evolve into disease-associated
microglia (DAM).

TREM2 is a member of the immunoglobulin superfamily and precisely a transmem-
brane protein expressed by myeloid cells, such as microglia [7]. TREM2 is critical for pre-
serving the metabolic fitness of microglia during stress events, supporting the progression
of microglia towards a fully mature DAM profile, and ultimately supporting the transition
of microglia from an anti-inflammatory (M2) to a pro-inflammatory (M1) phenotype. The
M1 phenotype is induced by lipopolysaccharide (LPS) or interferon-gamma (IFN-y), result-
ing in the production of pro-inflammatory mediators such as tumor necrosis factor-alpha
(TNF-0a), interleukin-1 beta (IL-13), and reactive oxygen species (ROS), which contribute
to neurotoxicity and chronic neuroinflammation in conditions such as Alzheimer’s dis-
ease (AD) and PD [8,9]. In contrast, the M2 phenotype, driven by interleukin-4 (IL-4) or
interleukin-13 (IL-13), upregulates anti-inflammatory factors like interleukin-10 (IL-10),
transforming growth factor-beta (TGF-{3), and arginase-1 (Arg-1), promoting tissue repair,
phagocytosis of debris, and the resolution of inflammation [8,10]. Although emerging evi-
dence suggests that microglia exist along a spectrum of activation states in vivo, targeting
microglial polarization by enhancing M2-associated pathways or suppressing M1-driven
neuroinflammation, is a promising strategy under evaluation for neurodegenerative and
neuroinflammatory diseases [8]. These changes enhance the removal of apoptotic neurons
and attenuate inflammation-induced neurodegenerative phenomena [11]. These crucial
roles of TREM2 and its changes in gene expression, as well as its genetic variants, have
gained significant attention from neurodegenerative disease researchers.

Genetic variants of TREM2 have been implicated in elevating the risk of developing
AD [12]. In particular, TREM2 appears to play a critical role as a microglial receptor for
amyloid-beta, facilitating its phagocytosis and clearance, thus contributing to the regulation
of amyloid pathology in AD [13]. Furthermore, TREM2 mutations have been implicated
in other neurodegenerative diseases, such as frontotemporal dementia and progressive
supranuclear palsy [14,15].

Given the crucial role of TREM2 in microglial activation, the relationship between
PD and TREM2 activity has been the subject of increasing research interest in recent years,
although results have been somewhat inconclusive. In this narrative review, we sought
to provide a comprehensive overview of the current evidence on the role of TREM2 in
PD from clinical and preclinical studies. Our aim is to clarify the existing knowledge and
propose directions for future research.

2. Materials and Methods

For this review, a comprehensive search was performed using the following interna-
tional databases: PubMed, Medline, and Web of Science. The search (limited to articles
in English language, without any restriction on ethnicity or geographical area) included
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the following keywords: “TREM2” and ‘PD’, “TREM2’ and ‘Parkinson’, ‘genetic profile of
microglia” and ‘PD’, ‘genetic profile of microglia” and ‘Parkinson’. First, the titles were
checked to exclude double matches, off-topic, or non-English papers. The remaining ab-
stracts and, afterwards, full texts were examined to judge the relevance of the papers to the
topic of the review. Specifically, our inclusion criteria included both clinical and preclinical
original studies that investigated the role of TREM2 in Parkinson’s disease (PD) across
multiple dimensions, including pathophysiology, potential diagnostic and/or prognostic
biomarkers, and therapeutic targets.

3. Results

A total of 711 results were retrieved. After the examination, 31 papers were considered
relevant and therefore included in the review. For clarity, the preclinical and clinical studies
were discussed separately. Preclinical studies, which included in vitro and animal models,
explored the molecular mechanisms and the pathophysiological role of TREM2 in PD
under controlled experimental conditions, while clinical studies evaluate the translational
relevance of these findings in the human population, examining associations with disease
progression, biomarker utility, and therapeutic applications. Given the distinct method-
ologies and research objectives of these two approaches, splitting them allows for a more
systematic and consistent analysis of the role of TREM2 in PD.

3.1. Preclinical Studies

Preclinical studies are summarized in Table 1. Given the diverse methodologies
employed, the studies were further categorized based on the disease model utilized.

3.1.1. MPTP-Mice Models

The function of TREM2 has been extensively studied in one of the most widely rec-
ognized and used mouse models of PD, the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP)-induced model [16]. TREM2 appears to be closely associated with autophagy
processes, which are critically involved in the pathogenesis of PD. Autophagy is a key
mechanism for the removal of x-syn aggregates and damaged mitochondria, both of which
are implicated in PD pathology [17]. Impairment of these processes is a hallmark of PD
progression, highlighting the potential importance of TREM2 in disease mechanisms. In-
creasing TREM2 levels raise autophagy in microglia, mediated by the mTOR pathway, as
demonstrated by in vitro and in vivo studies. TREM2 levels in microglia can be increased
by administering 183-glycyrrhetinic acid, the main active metabolite of glycyrrhizic acid,
known for its neuroprotective effects [18]. This activity appears to be mediated by TREM2
through the induction of the M2 phenotype in microglia, which promotes the expression of
the brain-derived neurotrophic factor (BDNF), a key factor in promoting the survival of
dopaminergic neurons [19].

Regarding the regulation of inflammation, Belloli et al. found that TREM2 knockout
mice exhibited reduced levels of pro-inflammatory cytokines, with lower inflammatory
response following MPTP exposure; however, this did not confer protection against the
loss of dopaminergic neurons, suggesting the involvement of more complex inflammatory
mechanisms in acute neuronal injury [20]. Conversely, Ren et al. demonstrated that TREM2
overexpression attenuates neurodegeneration and neuroinflammation [21].

Furthermore, the repopulation of microglia after temporary depletion in MPTP mouse
models increased TREM2 transcript levels and reduced MPTP-induced toxicity, thus slow-
ing the development and progression of neurodegeneration [22]. Interestingly, the suppres-
sion of DJ-1 expression, an oxidative stress sensor located in the mitochondria, reduced
TREM2 expression, suggesting that oxidative stress may induce a shift in microglial activity
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towards the M1 pro-inflammatory phenotype. Furthermore, pretreatment of microglia with
rasagiline, a monoamine oxidase inhibitor, reduces neurotoxicity, indicating that PD medi-
cations may exert protective effects independently of their direct actions on neurons [23].

3.1.2. Other Animal Models

The analysis of the TREM2 function in other animal models of PD has yielded con-
tradictory results. In synucleinopathy models, both in vivo and in vitro studies showed
that TREM2 deficiency increases microglia activation during «-syn-induced inflammatory
processes, leading to an increased loss of dopaminergic neurons (53% vs. 28% after 3 weeks)
in animal models [24]. Furthermore, as also seen in MPTP-induced models, the absence
of TREM2 exacerbates microgliosis and astrocytosis in the basal ganglia during chronic
inflammation, effects due to its influence on the TLR4/MyD88/NEF-«kB pathway, whereas its
overexpression increases autophagy via the PI3K/AKT/mTOR pathway [25,26]. Moreover,
o-syn monomers induce an upregulation of TREM2 expression, proposing a possible mech-
anism to explain why PD patients show increased levels of TREM2 [27]. Figure 1 provides
a summary of the TREM2-mediated mechanisms that regulate microglial activation via the
PI3K/AKT/mTOR pathway.

In 6-hydroxydopamine (6-OHDA) mouse models, dihydroquercetin, which showed
neuroprotective activity in PD, increases TREM2 and reduces the loss of dopaminergic
neuron in mouse models, but not in TREM2 knockout mice [28]. In the same mouse models,
Liang et al. showed that TREM2 activates the TGF-f3 pathway to enhance neuronal repair
and induces the differentiation of induced pluripotent stem cells (iPSCs) into dopaminergic
neurons in the SN, thus demonstrating a possible role of TREM?2 outside of the regulation
of microglial activity [29].

In contrast, in NF-kB/c-Rel (c-Rel ~/ ~)-deficient mice, which spontaneously develop
a late-onset PD-like phenotype, TREM2 levels increase with age both in c-Rel ™/~ and
wild-type mice, thus demonstrating no specific role of TREM2 in neurodegeneration [30].
However, the c-Rel ™/~ model does not induce pronounced microglia activation, possibly
explaining the different findings with other models, but suggesting that other inflammatory
and neurodegenerative mechanisms may be involved in PD pathology.

Table 1. Preclinical studies on TREM2 involvement in PD.

Animal Model Main Finding

Luo et al. [18]

183-glycyrrhetinic acid reduces MPTP-induced toxicity by

MPTP-induced upregulating TREM2.

Belloli et al. [20]

Knocking out TREM2 reduces the levels of pro-inflammatory
MPTP-induced cytokines (i.e., IL-13, TNF-«) and neuroinflammation; however, it
does not confer protection against dopaminergic neuronal loss

Ren et al. [21]

TREM2 overexpression attenuates neurodegeneration and
MPTP-induced neuroinflammation by regulating the
TLR4/MyD88/NF-kB pathway

Lietal. [22]

Repopulation of microglia after temporary depletion increases

MPTP-induced TREM?2 transcript levels and reduces MPTP-induced toxicity.

Trudler et al. [23]

Suppressing the expression of DJ-1 in mitochondria reduces
TREM2 expression, suggesting that oxidative stress may induce a
MPTP-induced shift in microglial activity toward a pro-inflammatory phenotype.
Pre-treatment of microglia with rasagiline reduces neurotoxicity,

indicating that PD medications may exert protective effects.
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Table 1. Cont.

Animal Model

Main Finding

Guo et al. [24]

a-syn-induced

TREM2 deficiency increases the activation of microglia, leading to
an augmented loss of dopaminergic neurons.

Huang et al. [26]

MPTP-induced

TREM2 knockdown
Promotes NLRP3 inflammasome activation and inflammatory
response, aggravating dopaminergic neuron loss.

Yin et al. [27]

a-syn-induced

Knocking out TREM2
worsens pathological a-syn spread, increasing dopaminergic
neuronal loss. Reducing TREM2 levels impairs
microglial phagocytosis and proliferation, but enhances autophagy
via the PI3K/AKT/mTOR pathway. TREM2
overexpression enhances
microglial responsiveness in the pathological site.

Yang et al. [28]

6-hydroxydopamine
mice model

Dihydroquercetin increases TREM2 and reduces dopaminergic
neuronal loss in mice models, but not in TREM2 knockout mice

Liang et al. [29]

6-hydroxydopamine
mice model

TREM?2 activates the TGF-f3 pathway, enhancing neuronal repair in
the substantia nigra, and inducing the differentiation of induced
pluripotent stem cells into dopaminergic neurons.

Porrini et al. [30]

c-Rel~/~

TREM2 levels increase with age both in c-Rel ™/~ and wild-type
mice, thus demonstrating no specific role of TREM2 in
neurodegeneration in this model.
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Figure 1. TREM2 expression levels could induce two distinct phenotypes in resting microglia. (a) Ina

scenario where TREM2 is overexpressed, its activation, mediated by one of its potential ligands (DAMPs
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or lipid components), promotes the phosphorylation of DAP12, a TREM2-associated transmembrane
adaptor protein. This phosphorylation generates a docking site for many molecules, triggering
signaling cascades that lead to the activation of SYK/PI3K/AKT/PLCy pathway, which potentiates
phagocytic activity and the regulation of PI3K/NF-«B and JAK/STAT/SOCS pathways allowing
the anti-inflammatory effects. The combination of these events drives the cell toward an M2 pheno-
type, which has a neuroprotective function for neurons and ensures the elimination of x-synuclein
aggregates [31,32]. (b) In contrast, a reduced TREM2 expression promotes the shift in microglia to-
wards the M1 pro-inflammatory phenotype due to the lack of DAP12 phosphorylation, which causes
deregulation of PI3K/NF-«kB and JAK/STAT/SOCS pathways (favoring inflammatory processes) and
decreased PI3K/AKT/mTOR and SYK/PI3K/AKT/PLCy activation, leading to aberrant autophagy
episodes. The final effect of these processes could damage the neurons that undergo accumulation of
a-synuclein aggregates due to deregulation of phagocytosis [13,32].

3.2. Clinical Studies

The TREM2 variant rs75392628 (c.234G>A) leads to the missense substitution of
arginine with histidine (R47H). In 2013, Rayaprolu et al. linked this variant to an increased
risk of PD (OR = 2.67) [14]. However, subsequent population studies failed to replicate
these results [33-35]. Therefore, the actual relationship of the rs75392628 variant with PD
is still debated. However, although the association between genetic variations in TREM2
and PD remains uncertain, a growing body of evidence from multiple studies points to the
potential utility of TREM2 as a biomarker in clinical practice.

Soluble TREM2, the extracellular segment of TREM2 (sTREM2) released after pro-
teolytic cleavage, showed higher levels in the cerebrospinal fluid (CSF) of PD patients
compared to healthy controls, especially in patients with sleep disorders, with a positive
correlation with a-syn levels [36,37]. In contrast, Qin et al. observed no significant differ-
ences in CSF sTREM2 levels between PD patients and healthy controls. However, they
identified that elevated baseline CSF sSTREM2 levels were predictive of a greater global cog-
nitive decline and increased risk of cognitive impairment in PD subjects [38]. In peripheral
blood samples, sTREM2 did not discriminate between PD and healthy controls; however,
monocyte TREM2 was higher in PD patients at a high risk for dementia than in healthy
controls, confirming the involvement of innate immunity in PD and suggesting a possible
immunological link between PD at high risk for dementia and AD [39].

Another study that assessed levels of soluble TREM2 (sTREM2) in the CSF of both PD
patients and healthy controls found no significant differences. However, basal levels of
sTREM2 could predict motor progression over the four years of follow-up in PD patients;
furthermore, the rate of change in sTREM2 in the CSF correlated with the progressive
deterioration of motor function in PD individuals. Furthermore, patients with late-onset
PD had higher levels of sSTREM2 in the CSF than patients with early-onset PD [40].

Current evidence therefore suggests that TREM2 levels in CSF or peripheral blood,
although not sensitive enough to serve as a diagnostic biomarker, can predict the risk
of early cognitive involvement and dementia in PD patients, and even the risk of motor
progression. Table 2 summarizes the clinical studies regarding TREM2 involvement in
PD patients.
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Table 2. Clinical studies on TREM2 involvement in PD. Note: Parkinson’s disease (PD); multiple sys-
tem atrophy (MSA); frontotemporal dementia (FTD); amyotrophic lateral sclerosis (ALS); progressive
supranuclear palsy (PSP).

Study Population Main Finding Comment
Strength: First large-scale
609 patients with FID, study establishing a link
765 with ALS, 1493 . between TREM2 variants
with PD, 772 with PSP, TREM2 p-Ri7H variant and PD.

Rayaprolu et al. [14] 448 with ischemic

stroke, and 1957
healthy controls

increases susceptibility to FTD
(OR =5.06) and PD (OR = 2.67).

Limitation: Did not adjust for
potential confounders (e.g.,
comorbidities,
environmental influences).

1216 patients with PD,
406 with MSA, and 869
healthy controls

Chen et al. [33]

TREM2 p.R47H variant showed
no evidence of association to PD
or MSA.

Strength: First TREM2 genetic
study to include MSA patients.
Limitation: Underpowered for
rare variants due to limited
sample size.

358 patients with PD
and 358 healthy
controls

Dardiotis et al. [34]

TREM2 p.R47H variant showed
no association to PD.

Limitation: Smaller sample
size compared to similar
studies, reducing statistical
reliability.

821 patients with PD, of
which 261 with
dementia, and 919
healthy controls

Mengel et al. [35]

TREM2 p.R47H variant showed
no association to PD, even in the
demented subpopulation.

Strength: Focused on
cognitive decline in PD, a
clinically relevant subgroup.
Limitation: Small sample size
for subgroup analyses.

80 patients with
sporadic PD and 65
healthy controls

Mo et al. [36]

Soluble TREM2 levels are higher
in the cerebrospinal fluid of PD
patients compared to healthy
controls, especially in those
patients with sleep disorders.

Strength: Explored clinical
correlations of TREM2 levels,
including the incidence of
sleep disorders.
Limitation: Very limited
sample, requiring validation
in larger studies.

612 patients with PD
and 680
healthy controls

Peng et al. [37]

Two novel TREM2 variants
were identified (p.S81N,
p-G58D), but they were not
associated with PD. Soluble
TREM?2 levels were higher in the
cerebrospinal fluid of a partial
group of PD patients (n = 55)
compared to controls (n = 40),
but not in plasma.

Strength: Combined genetic
and biochemical analyses,
identifying novel TREM2

variants.
Limitation: CSF data available
only in a small subset, limiting
generalizability.

219 PD patients and 100

Qin et al. [38] healthy controls

Soluble TREM2 did not differ in
cerebrospinal fluid among PD
and healthy controls. Higher
baseline levels of soluble
TREM2 predicted cognitive
decline risk in PD patients.

Strength: Longitudinal design
revealed TREM2’s prognostic
value for cognitive decline.
Limitation: Predictive
analyses may be
underpowered considering
the sample size.
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Table 2. Cont.

Study Population Main Finding Comment
TREM2 expression on monocyte  Strength: Innovative cellular
05D pains a5 1SeG N D patentl - apprac (moncoyte TREME
Wijeyekoon et al. [39] and & : P i

sex-matched controls

TREM?2 in peripheral blood did
not discriminate among PD
cases and controls.

Limitation: Small
cross-sectional sample without
longitudinal follow-up.

Soluble TREM2 levels in
cerebrospinal fluid did not
discriminate among PD patients

Strength: Demonstrated that
dynamic changes in TREM2
correlate with motor

Zhang et al. [40] 217 PD patients and and healthy controls. The roression
& ' 102 healthy controls change rate of soluble TREM2 __Pros .
. Limitation: Requires
was correlated with the N
. N replication in
progressive deterioration of independent cohorts
motor function in PD patients. p ’
Strength: The first to test the
A single dose of nilotinib reliability of TREM2 as a
significantly increases the levels surrogate marker of
Pagan et al. [41] 75 PD patients of TREM2 in cerebrospinal fluid, immunomodulation.

suggesting an anti-
inflammatory effect.

Limitation: Pilot study with
small sample size and

without blinding.

4. Discussion

In recent years, the interest in the role of TREM2 in PD has increased, given the growing
recognition of the involvement of microglia in neurodegenerative disorders. Microglia-
mediated neuroinflammation is a key component of PD pathophysiology, and an investiga-
tion of proteins that regulate microglia function, such as TREM2, could provide valuable
insights into new therapeutic strategies, as well as potential diagnostic and prognostic
biomarkers. Preclinical studies have greatly advanced our understanding of TREM2 in
PD, highlighting its role in mediating microglial activation. However, preclinical studies
revealed some discrepancies. Although variations in experimental models (e.g., the use of
less commonly used models, such as the 6-hydroxydopamine mice and c-Rel ™/~ mice) may
contribute to these inconsistencies, some differences persist even among studies employing
the widely used MPTP-induced PD model. Although research into TREM2 depletion and
overexpression has not provided a conclusive explanation for its role in PD, it consistently
implicates TREM2 in the regulation of microglial activity. Notably, its effects appear to vary
in acute, subacute, and chronic inflammatory phases, as well as by brain region. These
spatiotemporal differences, combined with interactions with other microglial regulatory
mechanisms, may underlie the observed inconsistencies.

However, despite these findings, clinical studies have not yet provided conclusive
evidence linking genetic variations in TREM2 to PD susceptibility, as has been the case
of AD. In fact, while the R47H variant of TREM2 was initially associated with PD, subse-
quent studies have largely failed to replicate this finding. These inconsistent associations
across neurodegenerative disorders may reflect emerging evidence of region-specific mi-
croglial modulation mediated by TREM2. Notably, a recent transcriptomic analysis of
an R47H-TREM2 animal model revealed spatiotemporal regulation of TREM2 activity,
demonstrating its role in modulating regional microglial density and activation states. This
observed regional specificity may explain the differential association of TREM2 variants
(including R47H) with various neurodegenerative disorders [42]. Although these find-
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ings provide important mechanistic insights, it should be noted that the study focused
specifically on AD. Similar studies in animal models of PD could help understand the
conflicting results from genetic studies of TREM2 variants in PD, while clarifying whether
comparable region-specific analogous mechanisms influence the role of TREM2 in disease
pathogenesis. Furthermore, emerging clinical studies have identified novel TREM2 variants
whose potential association with PD remains unclear and warrants investigation in larger
cohorts [37].

Regarding the potential clinical applications of sSTREM2, current evidence shows
consistently elevated CSF levels in PD patients across most studies, with the notable
exception of Qin et al. (2022) [38]. One possible explanation for this discrepancy could be
the inclusion of patients with an early diagnosis of PD (within 2 years) in the cited study,
while other studies included patients with different disease durations. However, the utility
of STREM2 as a diagnostic biomarker is limited by its lack of disease specificity, as similar
elevations are observed in multiple sclerosis and other neurodegenerative conditions [43,44].
However, its combination with other biomarkers, such as glial fibrillary acid protein GFAP,
Myelin basic protein (MBP), and interleukins, could provide disease-specific signatures to
discriminate between neurological disorders in the future—a currently unmet need in the
real-world clinical setting.

However, sSTREM2 has shown promise as a prognostic biomarker, with CSF levels
associated with early cognitive impairment in PD. In addition, longitudinal evaluations
suggest that STREM2 levels may help predict motor progression over time. Although
further studies are needed to clarify the exact clinical relevance of TREM2 in PD, current
evidence points to its potential role in disease progression. If confirmed, such evidence
could support the use of sSTREM2 as a surrogate biomarker in clinical trials evaluating
immunomodulatory treatments [31,41]. Moreover, preclinical research continues to shed
light on its mechanistic involvement, raising the possibility of targeting TREM2 for thera-
peutic intervention, as has been explored in AD through multiple approaches: for example,
dehydroervatamine has recently been demonstrated as a promising new TREM2 agonist
that can attenuate neuroinflammation, [45] while TREM2 agonistic monoclonal antibodies
are currently under development [46]. This, however, represents only the beginning of a
long, but feasible, path due to the advancement of omics technologies [47].

5. Conclusions

The present overview reports TREM2 as an important modulator of microglial function
in PD. However, several aspects remain unclear and will represent the subject of further
investigations. Consequently, the crucial function of TREM2 in neuroinflammation is
still debated. Further studies are essential to understand the involved mechanisms, as
well as the endogenous stimuli and ligands that mutually determine changes in TREM2
expression, activation, or suppression. Their identification could provide new targets for
the development of potential therapeutic strategies, such as the use of TREM?2 agonists to
alleviate neuroinflammation in microglia cells and treat CNS disorders associated with M1
activation and polarization of microglia cells. If confirmed, these data will have significant
implications in clinical and prognostic settings for Parkinson’s disease.
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Abbreviations

The following abbreviations are used in this manuscript:

PD Parkinson’s disease

SN Substantia nigra

x-syn Alpha-synuclein

TREM2  Triggering receptor expressed on myeloid cells 2

CNS Central nervous system
DAM Disease-associated microglia
LPS Lipopolysaccharide

IFN-y Interferon-gamma

TNF-« Tumor necrosis factor-alpha
IL-1B Interleukin-1 beta

ROS Reactive oxygen species
AD Alzheimer’s disease

IL-4 Interleukin-4

IL-13 Interleukin-13

IL-10 Interleukin-10

TGF-p Transforming growth factor-beta
Arg-1 Arginase-1
MPTP 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine

BDNF Brain-derived neurotrophic factor
sTREM2 Soluble TREM2
CSF Cerebrospinal fluid
TLA Three letter acronym
LD Linear dichroism
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