Supplementary Table 1. Summary of Molecular Targets and Microglia-Targeting Agents in Preclinical Studies (Refer to Fig. 2 for Proposed List).

	Classification by Targeted Microglial Function
	Molecular Target
	Candidate
Agents
	Mode of Action
	Disease Models
	Summary of Main Outcome
	Reference

	A. Targeting for microglial phagocytosis
	CD22
	CD22 inhibitor
	Inhibit
	AD
	CD22 inhibition increased phagocytic capacity and revealed an influence on BMP and TGFβ-associated gene networks, restoring age-related impairments of microglia surveillance capacity.
	[1]

	
	CD33
	CD33 knockout, 
AAV-mediated miRCD33 Inhibitor, Lintuzumab, AL003
	Inhibit
	AD
	Blocked CD33 expression promoted Aβ phagocytosis and clearance; decreased neuroinflammatory (by CD33 knockout, AAV-mediated miRCD33 Inhibitor, Lintuzumab, AL003).
	[2-4]

	
	COX2-S565 acetylation
	 15-R-Lipoxin A4
	Activate
	AD
	Elevation of SphK1 increased SPMs secretion, especially 15-R-Lipoxin A4, by promoting acetylation of S565 of COX2 using acetyl-CoA, improving AD-like pathology in APP/PS1 mice.
	[5]

	
	IDE
	genetic modulation
	Activate
	AD
	IDE promotes the degradation of amyloid-β in the brain. Without an IDE, microglia are delayed in their response to stimuli, including the induction of phagocytosis of myelin and the degradation of Aβ oligomers, which provokes transitory effects that alter microglial phenotypes. IDE as a modulator of microglial phenotypes improves cognitive impairment associated with AD and diabetes. 
	[6]

	
	LILRB4
	anti-human LILRB4 mAb
	Inhibit
	AD
	Systemic treatment of these mice with an anti-human LILRB4 mAb reduced Aβ load and enhanced microglia activation and phagocytosis.
	[7]

	
	miR-181c-5p
	miR-181c-5p inhibitor
	Inhibit
	AD
	Downregulated miR-181c-5p impaired the phagocytosis and degradation of Aβ by BV2 cells.
	[8, 9]

	
	miR-214-3p
	miR-214-3p inhibitor
	Inhibit
	ALS
PD
	Plasma miRNA-214-3p is an accessible biomarker for predicting the future progression speed related to phagocytic dysfunction in ALS patients./miR–214–3p inhibits autophagy and promotes dopaminergic neuron apoptosis.
	[10, 11]

	
	NCKAP1
	NCKAP1  overexpression
	Activate
	ALS
	NCKAP1 overexpression rescued impaired phagocytosis via regulated actin polymerization in rapidly progressive ALS patients derived iMGs.
	[12]

	
	PGRN
	PGRN overexpression
	Activate
	FTD
	Lentivirus-mediated PGRN overexpression lowered plaque load in AD mice with aggressive amyloid plaque pathology and prevented spatial memory deficits and hippocampal neuronal loss in AD mice.
	[13]

	
	Piezo1
	Yoda1
	Activate
	AD
	Activation of PIEZO1 with a selective agonist, Yoda1, improved microglial phagocytosis, resulting in Aβ clearance in human iMGL and mouse models of AD.
	[14, 15]

	
	P2Y6R
	P2Y6R antagonist
	Inhibit
	AD
PD
	Inhibition of P2Y6R reduces microglia recruitment, activation, and phagocytosis.
	[16-19]

	
	Pyk2
	Pyk2 inhibitor
	Inhibit
	AD
	Pyk2 inhibition enhances phagocytosis in proteolytic activity and modulates microglial functions, potentially reducing neuroinflammation.
	[20]

	
	SYK
	SYK deletion
	Activate
	AD
	Microglia-specific deletion of SYK in microglia leads to exacerbated Aβ deposition, aggravated neuropathology, and cognitive defects in the 5xFAD mouse; CLEC7A-induced activation of SYK in 5xFAD mice promotes improved clearance of Aβ.
	[21]

	
	TAM receptors
	Tyro3, Axl, MerTK activators
	Activate
	AD
	TAM system is required for microglial recognition of, response to, and phagocytosis of Aβ plaques; TAM-mediated microglial phagocytosis of Aβ material does not inhibit but promotes the formation of dense-core plaques.
	[22]

	B. Preclinical TREM2-targeting agents
	TREM2
	4D9
	Activate
	AD
	4D9 reduced amyloidogenesis, enhanced microglial TREM2 expression, and reduced a homeostatic marker, suggesting a protective function by driving microglia toward a disease-associated state.
	[23]

	
	TREM2
	Ab18 TVD-Ig/αTfR
	Activate
	AD
	Ab18 TVD-Ig/αTfR showed a considerable reduction of amyloid burden with increased microglia migration to and phagocytosis of amyloid plaques, improved synaptic and neuronal marker intensity, improved cognitive functions, reduced endogenous tau hyperphosphorylation, and decreased phosphorylated neurofilament H.
	[24]

	
	TREM2 
	ASOs-Trem2
	Inhibit
	AD
	ASO-mediated Trem2 knockdown triggers increased microglial phagocytosis, slowing amyloid deposition in mice.
	[25]

	
	TREM2
	Intermittent hypoxia training (IHT)
	Activate
	AD
	Intermittent hypoxia training enhances Aβ endocytosis by plaque-associated microglia via VPS35-dependent TREM2 recycling.
	[26]

	
	TREM2
	Microglia-targeted gene delivery systems (PHSA@PF/pTREM2)
	Activate
	AD
	PHSA@PF/pTREM2 upregulates the TREM2 level and regulates microglial polarization toward the M2-phenotype for remodeling the inﬂammatory microenvironment and enhanced Aβ clearance, leading to an improvement of cognitive performance in APP/PS1 mice.
	[27]

	
	human APOE 
and TREM2
	RNase-H active ASOs
	Inhibit
	AD
	APOE- and TREM2-targeting ASOs are pharmacologically active and can modify the phenotype of human microglia in vivo using a xenotransplantation mouse model grafted with human microglia.
	[28]

	C. Targeting the microglial phenotype switch
	HCAR2
	Niaspan
	Activate
	AD
	Activation of HCAR2 with an FDA-approved formulation of niacin (Niaspan) in 5xFAD mice leads to reduced plaque burden and neuronal dystrophy, attenuation of neuronal loss, and rescue of working memory deficits.
	[29]

	
	miR-132
	miR-132 mimic
	Activate
	AD
	miR-132 shifts human iPSC-derived microglia from a disease-associated toward a homeostatic state.
	[30]

	
	miR-155
	miR-155 inhibitor 
or deletion
	Inhibit
	AD
ALS
	Microglial deletion of miR-155 induces a pre-MGnD activation state via interferon-γ (IFN-γ) signaling, and blocking IFN-γ signaling attenuates MGnD induction and microglial phagocytosis.
Genetic ablation of miR-155 reverses impaired microglia phagocytic function in SOD1 mice, and the administration of anti-miR-155 inhibitor delays disease onset and extends survival in SOD1 mice.
	[31, 32]

	
	PPAR-γ
	Rosiglitazone
	Activate
	PD
	Rosiglitazone is an FDA-approved drug for treating type 2 diabetes mellitus by improving insulin action through activation of the nuclear peroxisome proliferator-activated receptor-gamma (PPAR-γ), modulating microglia polarization, and boosting M2 over the pro-inflammatory phenotype.
	[33]

	
	REV-ERBs
	REV-ERB inhibitors or genetic knockdown
	Inhibit
	AD
	Inhibition of REV-ERBs promoted microglia polarization toward a phagocytic phenotype, enhancing microglia-mediated Aβ degradation and limiting amyloid plaque deposition in AD.
	[34]

	D. Targeting the microglial metabolic pathway
	HK2
	HK2 partial antagonist
	Inhibit
	AD
	In the AD brain, microglial HK2 is upregulated and promotes inflammation through metabolic and non-metabolic functions. Partial antagonism of HK2 reduces pathology by modulating NF-κB signaling via IKBα, while complete loss worsens inflammation due to mitochondrial dysfunction.
	[35]

	
	H4K12la
	PKM2 inhibitor
	Inhibit
	AD
	In AD, H4K12la is elevated in microglia near Aβ plaques, promoting glycolytic gene expression and driving a glycolysis/H4K12la/PKM2 feedback loop that worsens microglial dysfunction. Inhibiting PKM2 or deleting it specifically in microglia reduces activation and improves cognitive function in AD mice.
	[36]

	E. Targeting for microglia-mediated neuroinflammation
	AGE-RAGE pathway
	Dl-3-n-butylphthalide (NBP)
	Inhibit
	AD
	NBP was approved by the FDA of China in 2002 for clinical use as an anti–cerebral ischemia agent, alleviating cognitive impairment by augmenting the number of activated microglia around Aβ plaques and ameliorating AGE-RAGE-mediated neuroinflammation. 
	[37]

	
	AKAP8L
	AKAP8L knockdown 
	Inhibit
	AD
	AKAP8L knockdown and rapamycin treatment enhanced cognitive impairment via autophagy inhibition and neuroinflammation triggering in the diabetes-associated cognitive impairment (DACI) model.
	[38]

	
	AMPKα1
	DW14006
	Activate
	AD
	Direct AMPKα1 activator DW14006 reduced amyloid plaque deposition by promoting microglial phagocytosis and ameliorated innate immune response by polarizing microglia to an anti-inflammatory phenotype.
	[39]

	
	ASC
	ACI-6635
	Inhibit
	AD
	Anti-ASC antibody, ACI-6635, has been shown to reduce ASC-induced Aß42 aggregation in vitro, while similar administration in APP/PS1 mice can reduce plaque size and the amount of plaque-adjacent ASCs.
	[40]

	
	BACE-1
	BACE-1 deletion
	Inhibit
	AD
	Targeted deletion of Bace-1 in microglia enhances amyloid clearance and improves cognitive performance.
	[41]

	
	Caspase-1
	VX-740 and VX-765
	Inhibit
	AD
	VX-740 and VX-765 selectively inhibit caspase-1, which can block the secretion of IL-1β and IL-18, thereby reducing inflammatory responses. Inhibition of caspase-1 has effectively ameliorated cognitive impairment in AD mice.
	[42]

	
	CB2R 
	CB2R agonist
	Activate
	AD
PD
ALS
	CB2 receptor activation reduces protein aggregation-based pathology and attenuates inflammation and dementia-related symptoms.
	[43]

	
	Combination with galectin-1 and SOD1
	AAV9.SOD1.shRNA.Gal1 
	Inhibit
	ALS
	AAV9.SOD1.shRNA.Gal-1 treatment decreases inflammatory markers, rescues motor neuron death, and extends the survival of SOD1G93A mice.
	[44]

	
	Complement C3
	Complement C3 inhibitor
	Inhibit
	AD
	C3 or downstream complement activation fragments may play an essential role in Aβ plaque pathology, glial responses to plaques, and neuronal dysfunction in the brains of APP/PS1 mice.
	[45]

	
	COX2 acetylation
	N-AS-triggered SPMs
	Activate
	AD
	Treatment with N-AS increases acetyl-S565 COX2 and N-AS-triggered SPMs in AD mice microglia, leading to neuroinflammation resolution, microglial phagocytosis, and improved memory.
	[46]

	
	IGFBPL1
	IGFBPL1 deficiency or selective deletion of IGF1R
	Activate
	AD
	IGFBPL1 is a master driver of microglia homeostasis and resolution of neuroinflammation in glaucoma and brain tauopathy.
	[47]

	
	miR-146a
	miR-146a mimic
	Activate
	AD
	miR-146a reduced cognitive deficits in learning and memory, attenuated neuroinflammation, reduced Aβ levels, ameliorated plaque-associated neuritic pathology, and prevented neuronal loss in APP/PS1 transgenic mice.; switched the microglial phenotype, reduced pro-inflammatory cytokines, and enhanced phagocytic function.
	[48]

	
	miR-218-5p-Ddx41 axis
	miR-218-5p inhibitor
	Inhibit
	PD
	miR-218-5p suppresses microglia-mediated neuroinflammation and preserves DA neurons via Ddx41/IFN-I.
	[49]

	
	NF-κB
	(E)-4-(2-nitrovinyl) benzoic acid (BANA) 
	Inhibit
	ALS
	(E)-4-(2-nitrovinyl) benzoic acid (BANA) reduces reactive microglia and prolongs survival by inhibiting NF-κB activation.
	[50]

	
	NLRP3 
	N, N′-Diacetyl- p-phenylenediamine (DAPPD)
	Inhibit
	AD
	DAPPD reduced Aβ burden and improved cognitive function; it suppressed the expression of NLRP3 inflammasome-associated proteins through its impact on the NF-κB pathway.
	[51]

	
	NLRP3 
	Diphenyl diselenide (DPDS)
	Inhibit
	ALS
	DPDS improved motor deficit, prolonged survival, and reduced motor neuronal loss by suppressing microglia activation by inhibiting NLRP3 inflammasome activation and IΚb/NF-κB pathway.
	[52]

	
	NLRP3
	Dihydromyricetin (DHM)
	Inhibit
	AD
	DHM prevents the progression of AD-like pathology through the inhibition of NLRP3 inflammasome-based microglia-mediated neuroinflammation.
	[53]

	
	NLRP3
	SCAP deficiency
	Inhibit
	AD
	Microglial SCAP deficiency protects against diabetes-associated cognitive impairment through inhibiting NLRP3 inflammasome-mediated neuroinflammation.
	[54]

	
	NLRP3
	JC-124
	Inhibit
	AD
	JC-124, as a specific NLRP3 inflammasome inhibitor, blocks NLRP3 formation and caspase-1 activation.
	[55]

	
	P2RX7
	GSK1482160
	Inhibit
	AD
	The oral administration of the P2RX7-specific inhibitor GSK1482160 mitigates disease phenotypes in P301S mice, likely by suppressing the release of microglial exosomes, decreasing tau accumulation in the brain, and improving working and contextual memory.
	[56]

	
	PKCδ
	PKCδ inhibitor
	Inhibit
	AD
	PKCδ levels were increased dramatically in the CSF of AD patients; inhibition of PKCδ attenuated Aβ-induced microglial responses and improved cognitive function in an AD mouse model.
	[57]

	
	RIPK1
	RIPK1 inhibitor
	Inhibit
	AD
	Inhibition of RIPK1 reduced neuroinflammation, decreased the cerebral Aβ load, and improved the behavioral deficits by enhancing the microglial degradation of Aβ.
	[58]

	
	SPMs
	RvD1 and LXA4
	Activate
	AD
PD
	SPMs hold great promise for neuroprotection in AD by altering gene expression of pro-inflammatory genes, modulating macrophage function, serving as a biomarker for AD status, and promoting the resolution of neuroinflammation. In PD, data from in vitro, in vivo, and observational studies suggest SPM can cross the blood-brain barrier, inhibit microglial activation, and decrease induced markers of inflammation, possibly due to their ability to downregulate NFκB signaling pathways.
	[59-62]

	
	STING
	cGAMP
	Activate
	AD
	cGAMP decreased Aβ burden and neuron loss and improved cognitive impairment via elevating TREM2 expression in AD mouse models.
	[63]



Abbreviations: AAV; Adeno-associated Virus, acetyl-S565 COX2; acetylation of serine 565 residues of cyclooxygenase-2, AD; Alzheimer's disease, AGE; advanced glycation end products, AKAP8L; A-kinase anchor protein 8-like, ALS; Amyotrophic lateral sclerosis, AMPKα1; AMP-activated protein kinase α1, APOE; Apoprotein E, ASC; Apoptosis-associated speck-like protein containing a caspase recruitment domain, ASO; Antisense oligonucleotide, Aβ; Amyloid β, BACE1;  Beta-site amyloid precursor protein cleaving enzyme1, BANA; (E)-4-(2-nitrovinyl) benzoic acid, C3; Complement component 3, CB2R; Cannabinoid receptor type 2, cGAMP; Cyclic guanosine monophosphate–adenosine monophosphate, DAPPD; N, N′-Diacetyl- p-phenylenediamine, DHM; Dihydromyricetin, DLT; Antiallergic drug desloratadine, DM; Diabetes mellitus, DPDS; Diphenyl diselenide, FTD; Frontotemporal dementia, Gal1; Galectin-1, H4K12la; Histone H4 lysine 12 lactylation, HCAR2; Hydroxycarboxylic acid receptor 2, HK2; Hexokinase 2, H4K12la; Histone H4 lysine 12 lactylation, IDE; Insulin-degrading enzyme, IGFBPL1; Insulin-like growth factor binding protein-like 1, IHT; Intermittent hypoxia training, LXA4; Lipoxin A4, LILRB4; Leukocyte Ig-like receptor B4, mAb; Monoclonal antibody, miRNA (miR); microRNA, NCKAP1; NCK Associated Protein 1, NaR; Sodium rutin, NBP; Dl-3-n-butylphthalide, N-AS; N-acetyl sphongosine, NLRP3; NLR family pyrin domain containing 3, P2RX7; Purinergic Receptor P2X7, P2Y6R; P2Y6 receptor, PD; Parkinson’s disease, PGRN; Progranulin, Piezo 1; Piezo 1 Ion Channel Protein, PKCδ; Protein kinase C delta, PKM2; Pyruvate kinase M2, PPAR; Peroxisome proliferator-activated receptors, Pyk2; Protein tyrosine kinase 2-beta, RAGE; receptor for AGE, RIPK1; Receptor-interacting serine/threonine-protein kinase 1, RvD1; Resolvin D1, SCAP; Sterol Regulatory Element-Binding Protein (SREBP) cleavage-activating protein, shRNA; Short hairpin RNA, SOD1; Superoxide dismutase type 1, SPMs; Specialized pro-resolving mediators, TAM receptors; Tyro3, Axl and MerTK, TDP-43; TREM2; Triggering Receptor Expressed on Myeloid Cells 2.
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