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Abstract:

Alzheimer's disease (AD) is a progressive neurodegenerative condition marked by the build-up
of amyloid-B (AP) plaques, tau neurofibrillary tangles, synaptic impairment, and persistent
neuroinflammation. Triggering Receptor Expressed on Myeloid Cells 2 (TREM?2), a microglial
surface receptor, has become a crucial modulator of neuroimmune responses in Alzheimer's
disease (AD). Infrequent coding mutations in the TREM2 gene, particularly R47H, markedly
elevate the risk of late-onset Alzheimer's dementia, underscoring the essential function of
TREM?2 in disease pathogenesis. TREM2 signalling is crucial for enhancing microglial survival,
proliferation, phagocytosis, and the transformation into disease-associated microglia (DAM),
which play a role in mitigating amyloid and tau pathology.

Therapeutic techniques designed to augment TREM2 activity have gained traction,
encompassing the application of agonistic monoclonal antibodies (e.g., AL002, ATV:TREM?2),
small chemical modulators, gene therapy methodologies, and metabolic co-targeting strategies to
enhance lipid sensing and clearance capabilities. These therapies have demonstrated potential in
preclinical models by augmenting microglial activation, increasing plaque compaction, and
mitigating tau pathology. Moreover, combination therapy that modulate TREM2 alongside anti-
AP or anti-tau drugs have exhibited synergistic effects in animal models. Despite these
advancements, numerous difficulties persist. TREM?2's function is significantly influenced by
environment and developmental stage, with its overactivation potentially worsening
neuroinflammation or causing adverse effects in advanced Alzheimer's disease. Furthermore,
inter-individual variability stemming from genetic background and microglial heterogeneity
complicates therapy results.

This review examines the molecular foundation, therapeutic prospects, and translational
obstacles of targeting TREM2 in Alzheimer's disease, highlighting the necessity for precision
medicine strategies customized to disease stage and patient genotype.

KEYWORDS: TREM2, Alzheimer’s disease, microglia, immunotherapy, neurodegeneration,
amyloid-f, tau, personalized medicine.

1. INTRODUCTION TO TREM2 AND The Triggering Receptor Expressed on
ITS ROLE IN ALZHEIMER'’S DISEASE Myeloid cells 2 (TREM2) is a type I
1.1 INTRODUCTION TO TREM2 transmembrane receptor encoded by the
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TREM2 gene, located on chromosome
6p21.1. It 1is primarily expressed in
microglia in the central nervous system
(CNS) and in other myeloid-derived cells,
including macrophages and dendritic cells.
TREM2 is essential for modulating
microglial activation, the phagocytosis of
apoptotic cells and debris, lipid metabolism,
and the resolution of neuroinflammation
(Colonna & Wang, 2016) . The TREM2
receptor functionally signals via the adaptor
protein DAP12 (also known as TYROBP),
which  possesses an  immunoreceptor
tyrosine-based activation motif (ITAM) that
transmits downstream intracellular signaling
cascades upon ligand interaction (Painter et
al., 2015).
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TREM2 is composed of an extracellular V-
type immunoglobulin-like  domain, a
transmembrane segment, and a brief
cytoplasmic tail. The extracellular domain
interacts with several ligands, including
anionic lipids, lipoproteins (such as ApoE),
phospholipids, and amyloid-f, thus eliciting
microglial responses (Atagi et al., 2015).
Mutations in the TREM2 gene, particularly
the R47H variant, correlate with a 2- to 4-
fold elevated risk of late-onset Alzheimer’s
disease (AD), akin to the risk conferred by
the APOE &4 allele (Guerreiro et al., 2013).
These mutations generally lead to
compromised ligand binding, faulty signal
transduction, and reduced microglial
response to amyloid pathology, hence
facilitating disease progression.
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Fig 1: A. Structure of TREM2 gene

B. Structure of TREM2 Protein

1.2 LINK TO MICROGLIAL
FUNCTION AND
NEURODEGENERATION

TREM2 is a transmembrane glycoprotein
primarily found on microglia in the central
nervous system (CNS), where it is essential
for sustaining brain homeostasis and
regulating  microglial  responses  to

neurodegeneration (Ulland & Colonna,
2018). Upon ligand binding, including
lipids, lipoproteins (e.g., ApoE), and
damage-associated ~ molecular  patterns
(DAMPs), TREM2 interacts with the
adaptor protein DAP12 (also known as
TYROBP), triggering downstream
phosphorylation of immunoreceptor
tyrosine-based activation motifs (ITAMs)
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and activating signaling cascades such as
SYK, PI3K-AKT, and mTOR pathways (Y.
Wang et al, 2015) These pathways are
essential for microglial survival,
proliferation, migration, and phagocytosis.
TREM?2 is essential for the transformation of
microglia into the "disease-associated
microglia" (DAM) phenotype in the context
of neurodegenerative disorders, especially
Alzheimer’s disease (AD). This specialized
phenotype is defined by elevated expression
of genes associated with lipid metabolism,
lysosomal function, and phagocytic activity
(Keren-Shaul et al., 2017); (Deczkowska et
al., 2018). Microglia lacking TREM2 do not
successfully aggregate around amyloid
plaques, resulting in augmented amyloid
dispersion, heightened neurotoxicity, and
intensified neuronal degeneration (Parhizkar
etal., 2019).

Furthermore, these microglia demonstrate
deficient clearance of apoptotic neurons and
protein aggregates, alongside metabolic
abnormalities, especially in lipid
metabolism, which fosters a persistent
inflammatory environment in the brain
(Song & Colonna, 2018)

The rare missense mutation R47H in
TREM2 significantly increases the risk of
late-onset Alzheimer’s disease,
demonstrating an effect size akin to that of
the ApoE4 allele. This mutation reduces
TREM2's binding affinity for its ligands,
hence hindering microglial activation and
protective function. TREM2 mutations are
linked to many neurodegenerative disorders,
such as Nasu-Hakola disease and
frontotemporal dementia, highlighting its
significant role in central nervous system
immune regulation and neuronal integrity.

2. PATHOPHYSIOLOGICAL
MECHANISMS OF TREM2
DYSFUNCTION IN AD

2.1 Pathogenesis of TREM2 in Alzheimer
disease
AP Cascade Hypothesis

AP exists in multiple assembly types,
including fibrils, protofibrils, and oligomers.
AP is non-neurotoxic in its monomeric state.
Conversely, protofibrils and oligomers are
considered powerful inhibitors of long-term
potentiation and synaptic strength. Fiber
production is closely associated with protein
misfolding (Heneka et al., 2015).

AP induces cell death in brain cells, which is
the primary factor in Alzheimer's disease.
Significant evidence suggests that the
production of AP oligomers (AbOs) in
cortical neurons initiates Alzheimer's disease
(AD). AbOs interacting with entorhinal
neurons promote the synthesis of tau
oligomers, resulting in advancement within
associated neurons. This occurs in the
hippocampus and subsequently in the
subiculum and associated  neocortex
(Welikovitch et al., 2020).

Tau oligomers, which are produced and
released into neurons and synapses, are
hazardous. Neurons distribute tau proteins.
AbOs may interact with tau oligomers to
worsen neuronal and synaptic dysfunction.
Research shows that AP is not just a
bystander in Alzheimer's disease. New
research suggests that extracellular AP
deposits can be removed from the brain via
the blood-brain barrier (BBB) and other
mechanisms. Alzheimer's illness damages
the blood-brain barrier. Damage to the
blood-brain barrier allows neurotoxic blood-
derived debris and bacteria to enter the
brain, causing neuroinflammation and
immunological responses that may activate
neurodegenerative pathways (Sweeney et
al., 2018).

Cholinergic Hypothesis

Cholinergic neurons have been shown to
influence  neuronal circuits in  the
hippocampus and cortical areas,
significantly contributing to hippocampus-
dependent memory. Endogenous nerve
growth factor (NGF) is typically synthesized
by hippocampus and postsynaptic cortical
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neurons and is conveyed via corresponding
receptors located on presynaptic cholinergic
terminals (Eyjolfsdottir et al.,, 2016).
Stimulated NGF is then transferred from the
target regions (hippocampus and cortex) to
cholinergic nuclei, thereby beginning
cholinergic transmission in these brain
locations (Eriksdotter-Jonhagen et al., 2012)
Studies from many animal models and
human research demonstrate that the
degeneration of cholinergic neurons in the
basal forebrain correlates with cognitive
impairments in Alzheimer's disease. The
cholinergic theory focuses on the gradual
deterioration of cholinergic innervations in
the limbic system and neocortex, linked to
neurofibrillary degeneration and inadequate
axonal transport and signaling. The
connection between postsynaptic cortical
and hippocampus neurons and presynaptic
cholinergic  terminals is altered in
Alzheimer's disease. The modifications
relate to the accessibility of mature NGF
(mNGF) to basal forebrain cholinergic
neurons, resulting in cholinergic
degeneration in the hippocampus and
cortical areas (Baker-Nigh et al., 2015).

The cholinergic theory has transformed
multiple domains of Alzheimer's Disease
research, including neuropathology and
current insights into synaptic
neurotransmission. It was developed based
on three criteria: (1) Diminished presynaptic
cholinergic indicators in the cerebral cortex
(Chen et al., 2022), (2) the nucleus basalis of

<:\
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Meynert (NBM) in the basal forebrain
functions as a source of cortical cholinergic
innervation, which undergoes considerable
neurodegeneration in Alzheimer's disease
Cholinergic antagonists impede memory,
whereas agonists positively affect memory
(Hampel et al., 2018)

GABAergic Hypothesis

Brain growth and plasticity require
GABAergic activity. In normal conditions,
the presynaptic membrane synthesizes
GABA to help glutamate yield GAD. The
synaptic cleft allows GABA to bind to
postsynaptic membrane GABA receptors,
inhibiting the cell. However, GABAergic
neuron abnormalities are associated to
various disorders in Alzheimer's. AP in
Alzheimer's  disease  brains  damages
GABAergic synapses, leading to axonal
degeneration and synaptic loss. Initially, AP
increases neuronal activity, promoting Af
release. The interaction between neuronal
activity and AP can cause GABAergic
terminal loss, leading to cognitive
impairment and reduced LTP. Additionally,
BACEIl, APOEe4, and TREM2 can cause
GABAergic dysfunction (Bi et al., 2020).
GABAergic impairment is linked to
Alzheimer's disease's excitation/inhibition
imbalance.(Govindpani et al., 2017) argue
that knowing GABAergic remodelling in
Alzheimer's disease may help design new
disease modification treatments due to the
limited spectrum of present treatments.
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Fig 2: Correlation of Cholinergic and GABAergic hypothesis
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2.2 Impact on amyloid-p clearance, tau
pathology, and neuroinflammation

Tau pathology is a defining characteristic of
Alzheimer's disease development (He et al.,
2018). Tau, located in the medial temporal
lobe, binds to and stabilizes the microtubule
structure, where it is typically concentrated.
Hyperphosphorylated tau protein generated
in Alzheimer's disease dissociates from
microtubules and accumulates within
neurons (Shahpasand et al., 2012).
Hyperphosphorylated tau protein can induce
cognitive impairment after it disseminates
from the medial temporal lobe to the
adjacent neocortex.

Studies employing animal models have
shown that AP transmits through neuronal
connections between cells. An increasing
amount of evidence suggests that the
synergistic interactions between AP and tau
are essential in the etiology of Alzheimer's
disease.(Busche & Hyman, 2020) recently
demonstrated that the interaction between
AP and tau exacerbates neural circuit
damage; in vivo multiphoton imaging
revealed that the simultaneous presence of
tau and AP pathology in the neocortex
correlates with reduced neuronal activity,
increased spine loss, and microglial
inflammation. Simply inhibiting tau or AP
pathology is inadequate for reinstating
functional deficits. The experiments done by
Busche and Angulo explored the impact of
tau and AP co-expression on neuronal
activity. Their findings demonstrated that
extracellular expression of AP led to hyper-
excitability, whereas tau expression caused
activity inhibition. The co-expression of AP
and tau suppressed activity, with the tau
phenotype appearing to exert a dominant
influence (Angulo et al., 2017).

23 TREM2 MUTATIONS AND
IMPAIRED SIGNALING

Mutations in the TREM2 gene, particularly
the R47H variation, have been recognized as
substantial risk factors for late-onset

Alzheimer's disease (AD). These mutations
hinder TREM2's capacity to bind ligands,
including apolipoprotein E (ApoE), low-
density lipoprotein (LDL), and clusterin,
resulting in diminished activation of
downstream signaling pathways critical for
microglial function. In vitro investigations
have shown that the R47H and R62H
variations reduce TREM2's affinity for these
ligands, leading to decreased microglial
phagocytic activity and  modified
immunological responses (Gratuze et al.,
2018).

Animal models further clarify the effects of
TREM2 mutations. APPPSI-21 mice
harboring the R47H mutation demonstrate a
notable decrease in CD45"hi-expressing
myeloid cells surrounding amyloid plaques,
suggesting impaired microglial recruitment
and activation. Additionally, microglia
produced from induced pluripotent stem
cells (iPSCs) with the R47H/+ mutation
exhibit a proinflammatory gene expression
profile, diminished motility, and decreased
phagocytic ability. Transplantation of these
mutant microglia into mouse brains results
in reduced synapse density, indicating a
harmful impact on neuronal integrity
(Penney et al., 2024).

3. TREM2-Associated Microglial
Phenotypes and Disease Progression

3.1 Disease-associated microglia (DAM)
Disease-associated ~ microglia (DAM)
represent a specific subtype of microglial
cells that emerge in response to
neurodegenerative stimuli, particularly with
Alzheimer’s disease (AD) and other central
nervous system (CNS) illnesses. In
Alzheimer's disease mouse models such as
5xFAD, disease-associated =~ microglia
(DAMs) have been identified using single-
cell RNA sequencing, exhibiting a distinct
transcriptional signature that differentiates
them from homeostatic microglia. Their
activation entails a two-step process: the
initial phase is TREM2-independent and

51| Page




Sharma et al.

Journal of Drug Discovery and Therapeutics (JDDT)

marked by the downregulation of
homeostatic ~genes such as P2ryl2,
Tmem119, and Cx3crl. The second stage is
TREM2-dependent and involves the
activation of genes associated with lipid
metabolism (Apoe, Lpl), phagocytosis
(Tyrobp, Cst7), and immune response
(Keren-Shaul et al., 2017).

DAMs may buffer early neurodegeneration
by phagocytosing AP plaques, apoptotic
neurons, and cellular debris. They also
compact plaque, reducing neurotoxicity and
inflammation. The transition to DAM is
impeded in mice lacking TREM2, indicating
that this receptor is essential for DAM
activation and effectiveness. TREM2 loss-
of-function mutations, specifically the R47H
variant associated to Alzheimer's disease,
impair DAM responses, phagocytosis, and
pathogenesis, resulting in plaque buildup
and neuritic dystrophy (Ulland & Colonna,
2018), (Parhizkar et al., 2019). DAM-like
activities in Parkinson's, ALS, and MS
reveal a microglial response common to
neurodegenerative diseases.
Neuroinflammation and neuroprotection in
CNS illnesses may be improved by
modifying the DAM signature, which
reprogrammes microglia  to boost
immunological vigilance and repair.

3.2 Transcriptional and Functional
Profiles In Trem2-Expressing Microglia
TREM2-expressing  microglia  express
unique transcriptional and  functional
profiles for neuroimmune surveillance,
debris clearance, and disease regulation. In
neurodegenerative diseases like Alzheimer's,
TREM2 transcription activates microglia.
TREM2-expressing microglia boost lipid
metabolism (Apoe, Lpl), phagocytosis
(Tyrobp, Cst7), lysosomal activity (Ctsb,
Ctsd), and innate immunological signaling
(Ccl6, Itgax, Trem2) while downregulating

resting-state microglia genes such P2ryl2,
Tmem119, and Cx3crl.

TREM?2 detects lipids and DAMPs, enabling
responses to apoptotic neurons, myelin
debris, and amyloid-p plaques. Through its
adaptor protein DAP12 (TYROBP), TREM2
stimulates downstream kinases like SYK,
PI3K, and ERK, promoting microglial
survival, proliferation, and metabolic
reprogramming. This is important in
pathological conditions with increased
energy demand and phagocytic capability.
TREM2-expressing microglia increase their
propensity to cluster around amyloid
plaques, reducing their diffusion and
neurotoxicity (Ulrich et al., 2014). Reduced
plaque containment, mitochondrial activity,
and neuroinflammation ensue from TREM2-
deficient microglia.

Additionally, microglia that express TREM2
are essential for the development of disease-
associated microglia (DAM), a phenotype
crucial for neuroprotection in Alzheimer's
disease and other neurodegenerative
conditions. Research indicates that TREM?2
expression is essential for the complete
transcriptional shift into DAM,
encompassing the activation of genes related
to lipid metabolism and phagocytosis
(Deczkowska et al., 2018). TREM2-
expressing microglia alter their metabolic
pathways to satisfy energetic requirements,
increasingly  depending on  oxidative
phosphorylation and glycolysis, which are
essential for their functional responses in
pathological states.

The  transcriptional and  functional
characteristics of  TREM2-expressing
microglia underscore their significance in
central nervous system homeostasis and
disease. Targeting TREM2 pathways
presents therapeutic potential to augment
microglial protective activities and alleviate
the course of neurodegeneration.
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Table:1 Emerging Therapeutic Strategies to Modulate TREM?2

Therapeutic Mechanism of action Preclinical/Clinical Development References
Strategy Evidence Status
TREM2-activating | Bind the extracellular | | Tau Pathology and | Phase II Clinical | (S. Wang et al.,
antibodies  (e.g., | domain of TREM2; | Amyloid in AD murine | Trial 2020)
AL002/INBRX- initiate receptor | model. (NCT04592874)
109) activation and facilitate
DAM transition.
Soluble ~ TREM2 | Replicates TREM2 | Improves memory, | Preclinical (Zhong et al.,
(sTREM2) shedding product; | lowers amyloid burden 2019)
enhances microglial | in 5XFAD mice
viability and phagocytic
activity
Gene therapy | Wild-type TREM2 | 1 microglial response, | preclinical (Lin et al,
(AAV-TREM2) supplied via viral vector | T plaque clearance in 2024),(Gratuze
increases receptor | AD mouse models et al., 2021)
expression in  brain
microglia.
TREM2 agonist | Bind and  activate | T microglial activation | Preclinical (Okuzono et
nanobodies TREM2 via nanobody | and debris clearance. al., 2021)
domains; promote
phagocytosis and DAM
phenotype
Lipid metabolism | Enhance cholesterol | Shown to promote | Preclinical/Early | (Fitz et al.,
modulators  (e.g., | efflux and ApoE | DAM phenotype via | Trials 2010)
Liver X Receptor | expression;  indirectly | ApoE-TREM2 axis in (Krasemann et
[LXR] agonists) stimulate TREM2 | AD mice al., 2017)
pathway  via  lipid
remodeling
ApoE-lipid Natural TREM2 ligands; | ApoE isoform (e.g., | Preclinical (Yeh et al,
complexes facilitate DAM | €4) affects binding and 2016)
activation through direct | signaling efficiency
TREM2 engagement
Small molecule | Stabilize TREM2- | Identified via | Preclinical (Sudom et al.,
TREM2 DAPI2 complex; | screening; improve 2018),
modulators enhance receptor | microglial response in (Schlepckow et
trafficking or signaling vitro al., 2020)
Transcriptional 1 endogenous TREM2 | Enhance DAM profile, | Preclinical (Efthymiou &
enhancers (e.g., | expression via | plaque clearance in AD Goate, 2017)
HDAC inhibitors) | epigenetic modulation models
CRISPR/Cas9 gene | Correct mutations (e.g., | Functional recovery of | Preclinical (Popescu et al.,
editing R47H) in TREM2 gene | phagocytosis & 2023)
in iPSC-derived | receptor signaling (Haenseler et
microglia al., 2017)
Synthetic  ligand | Bind TREM?2 | Promote DAM | Experimental (Poliani et al.,
mimetics (e.g., | extracellular domain; | transition & 2015),
phospholipid-like mimic apoptotic ligands | phagocytosis (Kleinberger et
peptides) and phospholipids al., 2014)
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4. COMBINATION THERAPIES
INVOLVING TREM2 MODULATION
4.1 Synergy with anti-amyloid and anti-
tau agents

Recent evidence suggests that combination
therapy targeting TREM?2, alongside anti-
amyloid (AP) or anti-tau agents, may
enhance therapeutic efficacy in Alzheimer's
disease (AD) synergistically. TREM2, a
receptor  predominantly  located  on
microglia, is crucial for regulating
microglial activation, phagocytosis, and
lipid  metabolism. @~ TREM2  agonist
antibodies, such as AL002 (developed by
Alector), have demonstrated the ability to
induce a disease-associated microglial
(DAM) phenotype, characterized by
enhanced clearance of pathogenic proteins
and improved regulation of
neuroinflammation (van Lengerich et al.,
2023).

In conjugation with anti-Af drugs like
Aducanumab, TREM2 activation boosts
microglial aggregation and accelerates
plaque clearance. In 5XxFAD mice models,
this combination reduces amyloid burden
more than either monotherapy and reduces
neuritic dystrophy and synaptic loss.
Combined therapy of TREM2 modulators
with anti-tau antibodies like Semorinemab
increases microglial phagocytic activity
against tau aggregation. This combo therapy
reduced phosphorylated tau,
neuroinflammation, and synaptic damage in
P301S tauopathy mice (Bemiller et al.,
2017).

Advanced methods like AAV-mediated
TREM2 gene delivery and anti-Af
vaccination have shown improved amyloid
clearance and microglial reprogramming for
neuroprotection (Zhong et al., 2019).
Combining TREM2-targeted therapies with
BACEI inhibitors like Verubecestat can
reduce AP production and improve plaque
clearance, resulting in improved behavioral
outcomes in mice (Yuan et al., 2016).

Exploration is underway to use triplet
therapies (TREM2 modulators, anti-Af, and
anti-tau antibodies) in combination. These
address amyloid buildup, tau transmission,
and microglial dysfunction to treat
Alzheimer's disease's multiple
pathophysiology. Early models show that
APP/PS1  and P301S tau reduce
neuroinflammation,  proteinopathy, and
cognitive decline synergistically (Li et al.,
2023a).

4.2 Immune checkpoint or metabolic co-
targeting

A promising approach is the simultaneous
targeting of TREM2 and immunological
checkpoint pathways, including PD-1/PD-
L1. PD-1 inhibitors have demonstrated the
ability to reinstate immune surveillance and
augment microglial phagocytic activity in
Alzheimer's disease models. This technique,
when paired with TREM2 agonist
antibodies, enhances immunological
responsiveness in the brain, resulting in a
synergistic decrease in amyloid plaque
accumulation and tau pathology. In
preclinical animals, specifically APP/PS1
mice, combination therapy of anti-TREM?2
and anti-PD-1  antibodies augmented
peripheral monocyte infiltration, elevated
cytokine production, and boosted spatial
memory performance relative to
monotherapy (Duggan et al., 2025).

A complementary  technique  entails
metabolic co-targeting, namely pathways
that govern microglial energy metabolism
and lipid processing. The stimulation of
TREM2 improves microglial oxidative
phosphorylation and cholesterol efflux, both
essential for maintaining DAM phenotypes.
Agents that target mTOR signaling, activate
AMPK, or act as LXR agonists (modulating
cholesterol transporters such as ABCAL)
have been suggested to synergize with
TREM2 activation by promoting lipid
clearance and  sustaining  microglial
metabolic health (Nugent et al., 2020) .
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TREM2 agonism combined with LXR
agonists improves ApoE lipidation and
facilitates the phagocytic clearance of AP

deposits, demonstrating enhanced
effectiveness in reducing plaques and
resolving inflammation.

Additionally, medications that activate

TREM2, when used in conjunction with
CSFIR  (Colony-stimulating  factor 1
receptor) inhibitors that regulate microglial

proliferation and survival, have
demonstrated the ability to transform the
microglial environment towards
neuroprotective  phenotypes.  Research
demonstrates  that low-dose = CSF1R
inhibition, alongside TREM2 activation,
inhibits the over-proliferation of
inflammatory microglia while maintaining
the advantageous DAM subgroup (Olah et
al., 2018) .

Table 2: Combination Therapies involving TREM 2 Modulation

Combi TREM | Co-Thera Mechanis | Evidence Stage & | Key Reference
nation 2 Mod | peutic m of | /Model Dosing Efficacy s
Strategy | Ulator | Agent Synergy Outcomes
TREM2 | AL0O02 | Aducanum | AL002 5xFAD Phase 1| |Cerebral (Kong et
+ Anti- | (agonis | ab (anti-Ap | promotes | mice treated | (AL002) + | AP PET | al., 2022)
Amyloid | t mAb) | mAb) microglial | with AL002 | Phase III | SUVR by
aggregatio | (30 mg/kg, | (Aducanum | ~1.2 SUVR
n and | weekly) + | ab) units at 12
phagocytic | Aducanuma | combinatio | months  vs
activity b (10 | n 0.8 for Adu
through mg/kg, proposed; | alone;
DAP12- biweekly) ALO002 improved
SYK; showed 60 | dosed IV | novel object
Aducanum | %  greater | 45 mg/kg | recognition
ab plaque q2w; in mice
diminishes | reduction vs | Aducanum | (p<0.05).
plaque monotherap | ab per label
accumulati | y (p<0.01). | (10 mg/kg
on, qéw).
collectivel
y
facilitating
clearance
and
mitigating
synaptic
toxicity.
TREM2 | TREM | Anti-tau TREM2 P301S Experiment | Reduced tau | (Li et al.,
+ Anti- | 2- antibody enhances tauopathy al; pathology, 2023),
Tau activati | (e.g., microglial | ice combinatio | improved (Colonna
ng Ab | Semorinem | phagocyto ) n 1.p. | cognitive & Wang,
(e.g., ab) sis of tau | Experimental yecl]y behavior 2016)
mAb) aggregates
TREM2 | AL002 | Anti-PD-1 | TREM2 5xFAD  + | Preclinical; | Synergistic | (Deczkow
+ or boosts PD-1 KO | AL0O02 + | neuroprotect | ska et al.,
Immune | TREM innate mice anti-PD-1 ion, AB | 2018)
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Checkpo |2 immunity (10 mg/kg) | clearance,
int agonist while PD- prolonged
Inhibitor | Ab 1 blockade survival
enhances
adaptive
T-cell
response
TREM2 | TREM | PLX3397 CSFIR 5xFAD Preclinical; | Repopulated | (Spangenb
+ CSFIR | 2 inhibition | after CSF1R microglia erg et al,
Inhibitor | agonist depletes microglial inhibitor with 2019)
Ab dysfunctio | depletion for 1 week | disease- (Ulland &
nal — TREM?2 | associated Colonna,
microglia; agonist signature, 2018)
TREM2 restored
agonism function
repopulate
s with
DAM
phenotype
TREM2 | TREM | Liver X | LXR APP/PS1 Preclinical; | Enhanced (Nugent et
+ Lipid | 2- receptor enhances | mice GW3965 microglial al., 2020)
Metaboli | targete | (LXR) ApoE and oral + | lipid (Yeh et
sm d Ab agonist lipid TREM?2 processing, | al., 2016)
Modulat (e.g., metabolis agonist AP
or GW3965) | m; weekly clearance
TREM2
compleme
nts  lipid
sensing in
microglia
TREM2 | AAV- | CRISPR- TREM2 APP/PS1 AAV- Long-term (Parhizkar
+ Gene | TREM | Cas9 APP | enhances mice TREM2 cognitive et al.,
Therapy |2 silencing microglial i.c.v. + | benefit, 2019)
function, CRISPR reduced
while APP systemic plaques
editing
reduces
AP
generation
5. CONCLUSION microglia into protective,  disease-
The modulation of TREM2 signaling is a associated  phenotype that alleviates

promising and unique treatment approach
for Alzheimer’s disease (AD), with
increasing evidence underscoring its pivotal
role in governing microglial function,
neuroinflammation, and the clearance of
pathogenic aggregates. Enhancing TREM2
activity may facilitate the reprogramming of

amyloid-p and tau pathology, promotes
neuronal survival, and reinstates equilibrium
in the brain's immunological milieu.

Preclinical investigations have evidenced the
effectiveness of diverse TREM?2-targeted
strategies, encompassing agonist antibodies,
small compounds, lipid modulators, and
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gene treatments. These therapies have
demonstrated advantageous effects on
microglial activation, plaque clearance, and
cognitive outcomes in Alzheimer's disease
models. Furthermore, combination therapies
that integrate TREM2 activation with anti-
amyloid or anti-tau therapy may provide
synergistic advantages by addressing various
facets of Alzheimer's disease pathogenesis
concurrently.
Nonetheless, considerable obstacles persist.
The context-dependent function of TREM2
in disease progression requires precise
timing and dosage of therapeutic treatments.
Excessive activation of TREM2 signaling
may elicit detrimental inflammatory
responses, especially in the advanced stages
of Alzheimer's disease. Moreover, individual
patient  characteristics  like  genetic
background, TREM2 variant status, and
microglial heterogeneity must be taken into
account to guarantee optimal efficacy and
safety.
Future research must emphasize the creation
of stage-specific and individualized therapy
approaches, substantiated by longitudinal
studies and clinical trials. Enhancing our
comprehension of TREM2 biology and its
interplay with extensive neuroimmune
networks will be essential to properly
exploit its therapeutic potential in
Alzheimer’s disease
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