
Supplementary table 1: Clinical-stage agents with potential to modulate lipid droplets (LDs) across diseases
	Mechanism of Action
	Compound
	Target disease
	Clinical Trial Status 
(Phase / NCT ID)
	Rationale for LDAM
	BBB penetration
	Reference

	AMPK activator
	Metformin
	Alzheimer's Dementia
	Phase 2/3 / NCT04098666
	Activates AMPK to promote FAO and autophagy, which can clear LDs and reduce microglial inflammatory tone.
	Yes
	PMID: 36244266

	Autophagy enhancer
	Dioscin
	NAFLD
	Preclinical
	Enhances metabolism and autophagy to reduce hepatic lipid accumulation and inflammation.
	No data
	PMID: 25609476

	
	Fucoidan
	Atherosclerosis
	Preclinical (ApoE⁻/⁻ mouse model)
	Enhances p62/SQSTM1-mediated selective autophagy and reduces lipid accumulation in foam cells—mechanisms expected to promote LDs clearance in LDAM microglia.
	No data
	PMID: 33505579

	DGAT2 anti-sense oligonucleotide
	ION224 (Ionis-DGAT2Rx)
	NASH
	Phase 2 / NCT04932512
	Reduces DGAT2 expression; if delivered to CNS, would be expected to limit TAG-LDs synthesis in LDAM microglia.
	No
	PMID: 38665220
PMID: 40393454

	DGAT2 inhibitor
	Ervogastat (PF-06865571)
	NASH
	Phase 2 / NCT04321031
	Same DGAT2 mechanism; reducing TAG synthesis should shrink LDs pools that perpetuate inflammatory microglial states.
	Low
	PMID: 36322383
PMID: 35354614

	Fatty acid synthase (FASN) inhibitor
	Denifanstat (TVB-2640)
	NASH
	Phase 2b / NCT04906421
	Inhibits de novo lipogenesis, reducing FA supply for TAG synthesis and thereby limiting LDs biogenesis in activated microglia.
	No data
	PMID: 39396529

	GLP-1 agonists
	DA-CH5
	Parkinson's disease
	Preclinical (MPTP mouse PD model)
	Suppresses microglial activation and restores mitochondrial and autophagic function, changes expected to lower LDs biogenesis and enhance lipophagy in LDAM microglia.
	Yes
	PMID: 31958096

	Inhibition of acyl-CoA
	ACAT inhibitor (CP-113.818)
	-
	Preclinical (mouse AD)
	Inhibits ACAT1/SOAT1, lowering cholesteryl-ester formation and LDs storage, thereby restoring phagocytosis-competent microglia.
	Yes (rodent)
	PMID: 25339759

	Liver X receptor (LXR) agonist
	RGX-104 (Abequolixron)
	Cancer
	Phase 1 / NCT02922764
	Activates LXR→ABCA1/ABCG1/ApoE to enhance cholesterol efflux, a pathway that could reduce CE-rich LDs in microglia.
	No data
	PMID: 19717304

	Mobilizes lysosomal cholesterol
	2-Hydroxypropyl-β-cyclodextrin (HPβCD; VTS-270)
	Neuronal ceroid lipofuscinosis
	Preclinical
	Mobilizes lysosomal cholesterol and can deplete CE-rich storage, so—if delivered intrathecally—may reduce microglial LDs burden.
	Low
	PMID: 24558044
PMID: 28526856

	
	
	
	Phase 2/3 / NCT02534844
	
	
	

	mTORC1 inhibitor
	Rapamycin
	Alzheimer's disease
	Phase 2a / NCT06022068
	Inhibits mTORC1 to induce autophagy/lipophagy, facilitating LDs turnover and proteostasis in stressed microglia.
	Yes
	PMID: 37414782

	
	
	
	Phase 1 / NCT04200911
	
	
	

	Pharmacological chaperone for glucocerebrosidase (GCase)
	Ambroxol
	Parkinson's disease
	Phase 3 / NCT05778617
	Pharmacological GCase chaperone that improves lysosomal sphingolipid catabolism, indirectly relieving lipid overload and promoting lipophagy in microglia.
	Yes
	PMID: 31930374
PMID: 38027469

	PPAR-α agonist
	Fenofibrate
	Dyslipidemia
	Phase 1/2 / NCT03387098
	Activates PPAR-α to enhance FAO and damp NF-κB signaling, favoring LDs utilization rather than storage in microglia.
	Low
	PMID: 32005522
PMID: 26604138

	
	Gemfibrozil
	Hypertriglyceridemia
	Phase 1 / NCT00108511
	Increases FAO and induces anti-inflammatory programs (PPAR-α/TFEB), thereby reducing LDs load and restoring microglial function.
	Yes
	PMID: 22685291
PMID: 30898012

	
	
	Alzheimer's disease
	Early Phase 1 / NCT02045056
	
	
	

	
	
	
	Preclinical (murine APP‑PSEN1ΔE9 model)
	Induces microglial autophagy, promotes Aβ clearance and reverses cognitive deficits—expected to reduce LDs accumulation and improve LDs turnover in LDAM.
	
	

	
	Wy14643 
	
	
	
	No data
	

	PPAR-γ agonist
	Pioglitazone
	Type 2 diabetes
	Phase 3 / NCT00174993
	Reduces lipid droplets in microglia and rescue LDs-accumulation in LPL-deficient microglia.
	Low
	PMID: 37138776

	
	
	NASH
	Phase 3 / NCT00063622
	
	
	

	Retinoid X receptor (RXR) agonist
	Bexarotene
	Alzheimer's disease
	Phase 2 / NCT01782742
	RXR→LXR/PPAR activation upregulates APOE/ABCA1 lipid efflux, which could lower LDs accumulation despite modest CNS exposure.
	Low
	PMID: 22323736
PMID: 27646601

	SIRT1 activator
	Resveratrol
	Alzheimer's disease
	Phase 2 / NCT01504854
	SIRT1-dependent suppression of microglial activation, improves Aβ clearance by microglia with SIRT1/TFEB involvement.
	Yes
	PMID: 38397775
PMID: 27209302

	TFEB activator
	Trehalose
	Atherosclerosis
	Preclinical
	Enhances macrophage autophagy‑lysosomal function via TFEB activation to clear protein aggregates, reduce apoptosis and lipid burden—mechanisms expected to promote LDs clearance in LDAM microglia.
	No data
	PMID: 28589926

	
	Digoxin
	Cardiac disorders
	Preclinical (TFEB‑related studies)
	Activates TFEB → boosts autophagy‑lysosome function, improves lipid metabolism, protects against steatosis.
	Low
	PMID: 29273768

	
	Berberine
	Atherosclerosis
	Preclinical
	Activates SIRT1 to promote TFEB nuclear translocation, inducing macrophage autophagy and stabilizing plaques.
	No data
	PMID: 33639613



