[bookmark: OLE_LINK127][Additional file 9] Roles of differentially expressed, negatively correlated miRNAs (included and expanded set) in the pathological process of AD
	miRNA
	Target / Pathways
	Experimental Validation
	Model System
	Reference

	[bookmark: OLE_LINK1]miR-98-5p
	direct target
	SNX6
	qRT-PCR + Western blot + luciferase reporter assay + ELISA + MTT viability + flow cytometry 
	SK-N-SH cels, SH-SY5Y cells 
HEK293 cells
	Li Q et al., 2016[1]

	
	pathway
	miR-98-5p↑ ⇒ SNX6↓ ⇒ BACE1↑ ⇒ sAPPβ↑, βCTF↑ ⇒ Aβ40/42↑ ⇒ apoptosis↑, viability↓
	Western blot + ELISA (Aβ40/42) + MTT (viability) + flow cytometry
	
	

	
	direct target
	α7 nAChR↓
	 qRT-PCR + Western blot + luciferase reporter assay
	HEK293T cells, BV-2 cells
APP/PS1 transgenic mice, C57BL/6J wild-type (WT) mice
	Song C et al.,2021[2]

	
	pathways
	[bookmark: OLE_LINK27]miR-98-5p↑ ⇒ α7 nAChR↓ ⇒ Ca²⁺ signaling↓ ⇒ CaM/CaMKII↓ ⇒ synaptic proteins↓ ⇒ cognitive deficits↑
	Western blot + immunofluorescence + ROS assay + ELISA,
	
	

	
	
	miR-98-5p↑ ⇒ α7 nAChR↓ ⇒ NF-κB↑ ⇒ inflammation↑
	
	
	

	
	
	miR-98-5p↑ ⇒ α7 nAChR↓ ⇒ Nrf2↓ ⇒ HO-1/NQO-1↓ ⇒ antioxidant↓
	
	
	

	
	[bookmark: OLE_LINK28]direct target
	circ_0061183 (circular RNA)
	Dual-luciferase reporter assay 
	293T human embryonic kidney cells
	Zeng HX et al., 2025[3]

	
	pathway
	miR-98-5p↑ ⇒ IL10, BMP2, TGFβR1↓ ⇒ blocks TGF-β signaling ⇒ microglial M2 polarization↓
	qRT-PCR + Western blot 
	HMC3 human microglial cells
	

	
	direct target
	HEY2↓
	Dual-luciferase reporter assay
	293T human embryonic kidney cells
	Chen FZ et al., 2018[4]

	
	pathway
	[bookmark: OLE_LINK36]miR-98-5p↑ ⇒ HEY2 ↓ ⇒ Jagged1 ↓ & Notch1 ↓ & Hes1/5 ↓ ⇒ APP ↓ & Bax ↓ & Bcl-2 ↑ ⇒ Aβ production ↓ & oxidative stress ↓ & mitochondrial dysfunction ↓
	qRT-PCR + Western blot 
	Primary hippocampal neurons from AD mice
	

	
	functional target
	CYP46A1↓
	[bookmark: OLE_LINK44]qRT-PCR
	Aβ₁₋₄₂ treated primary cultured astrocytes from C57BL/6J mice
	Jaberian Asl B et al., 2025[5]

	
	pathway
	Aβ ⇒ miR-98-5p ↓ ⇒ CYP46A1 ↑ ⇒ 24-hydroxycholesterol ↑ ⇒ brain cholesterol efflux ↑
	
	
	

	miR-142-5p
	functional target
	PSD-95↓
	qRT-PCR + immunocytochemistry
	Aβ₄₂ treated human neuroblastoma SH-SY5Y cells 
	Song J et al., 2017[6]

	
	[bookmark: OLE_LINK50]pathway
	[bookmark: OLE_LINK83]Aβ₄₂ ⇒ miR-142-5p↑ ⇒ (predicted targets AKAP5, DRD1, etc. ↓) ⇒ PSD-95 protein ↓ ⇒ synaptic dysfunction
	
	
	

	
	direct target
	BAI3↓
	Dual-luciferase reporter assay 
	Aβ₁₋₄₂ treated HEK293T human embryonic kidney cells and HT-22 mouse hippocampal neuronal line
	Fu CH et al., 2021[7]

	
	pathway
	[bookmark: OLE_LINK82]miR-142-5p ↑ ⇒ BAI3 ↓ ⇒ pCaMKII ↓ & PSD-95 ↓ & p-Synapsin ↓ ⇒ synaptic plasticity impaired ⇒ spatial learning/memory deficit
	Western blot + immunofluorescence + Morris water maze
	APP/PS1 double-transgenic male mice (6–8 months); Aβ₁₋₄₂ treated primary mouse hippocampal neurons; HT-22 cells
	

	
	direct target
	PTPN1↓
	Dual-luciferase reporter assay
	293T human embryonic kidney cells; Sprague–Dawley rat single lateral ventricle injection of Aβ₁₋₄₂ 
	Liang W et al., 2022[8]

	
	[bookmark: OLE_LINK61]pathway
	[bookmark: OLE_LINK58]miR-142-5p↑ ⇒ PTPN1 ↓ ⇒ p-Akt/Akt ↓ ⇒ Bax ↑ & Bcl-2 ↓ ⇒ neuronal apoptosis ↑ ⇒ learning/memory impairment
	Western blot + IHC + ELISA + TUNEL apoptosis assay
	
	

	miR-9-5p*
	direct target
	OPTN↓
	Dual-luciferase reporter assay
	293T human embryonic kidney cells
	Chen ML et al., 2021[9]

	
	pathway
	miR-9-5p↑ ⇒ OPTN↓ ⇒ autophagy activity↓ ⇒ Aβ clearance↓ ⇒ Aβ accumulation↑ 
	Western blot + qRT-PCR + immunofluorescence
	SH-SY5Y cells, APPswe/PS1dE9 mice
	

	
	[bookmark: OLE_LINK67]direct target
	BACE1↓
	Dual-luciferase reporter assay
	Human neuroblastoma SH-SY5Y cells
	Ding Y et al., 2021[10]

	
	[bookmark: OLE_LINK66]pathway
	miR-9-5p↑  ⇒ BACE1↓ ⇒ C99/C83 ratio↓ ⇒ Aβ deposition↓ ⇒ neurotoxicity ↓
	qRT-PCR + Western blot + CCK-8 + flow cytometry for apoptosis
	R/B/Aβ SH-SY5Y cells; C57BL/6 mice (hippocampal injection of Aβ₁₋₄₂ + BDNF-AS knockdown)
	

	
	direct target
	GSK-3β
	[bookmark: OLE_LINK85]Dual-luciferase reporter assay
	Aβ₂₅₋₃₅ treated mouse hippocampal neuronal cell line HT22
	Liu J et al., 2020[11]

	
	pathway
	miR-9-5p↑  ⇒ GSK-3β↓ ⇒ stabilized mitochondrial membrane potential, ROS↓, apoptosis↓, Nrf2/Keap1 antioxidant signaling↑ 
	CCK-8 + flow cytometry for apoptosis + JC-1 mitochondrial potential + ROS fluorescent probe + Western blot
	
	

	
	direct ligand
	TLR7 / TLR8↓
	HEK-Blue reporter assay + TNF-ELISA + confocal imaging + RNA-seq + qRT-PCR
	human THP-1 macrophages, iPSC-derived human cortical neurons (iNeurons), mouse primary cortical neurons
	Kumbol V et al., 2025[12]

	
	pathway
	miR-9-5p↑  ⇒ TLR7/8 activation ⇒ TNF/IL-1α/IL-6 expression↑  ⇒ axonal length↓, excitatory synapse VGLUT1↓, neuronal apoptosis↑ 
	High-content imaging + TUNEL apoptosis assay + Western blot + qRT-PCR
	iNeurons (human), human THP-1 macrophages, C57BL/6 and Tlr7−/− mouse primary neurons
	

	
	direct target
	UBE4B↓
	miRNA-mRNA pull-down + qRT-PCR + RNAi screen + Western blot
	Drosophila S2 cells, adult Drosophila eye neurons, human SH-SY5Y neuroblastoma cells
	Subramanian M et al., 2021[13]

	
	pathway
	[bookmark: OLE_LINK80]miR-9↑ ⇒ UBE4B↓ ⇒ Tau ubiquitination↓ ⇒ autophagy-mediated Tau degradation↓ ⇒ Tau aggregation↑ ⇒ neurodegeneration↑
	Western blot + autophagy inhibitor treatment + co-immunoprecipitation
	SH-SY5Y cells, Tau-BiFC mouse model
	

	
	functional target
	BACE1↓
	Western blot + RT-qPCR
	Human corneal fibroblasts 
	Choi SI et al., 2019[14]

	
	pathway
	miR-9-5p↑ ⇒ BACE1↓ ⇒ APP β-cleavage↓ ⇒ β-CTF↓ ⇒ AICD↓ ⇒ Aβ production↓
	
	
	

	miR-9-3p*
	direct target
	Dmd（dystrophin）↓/ SAP97（Dlg1）↓
	luciferase reporter assay + Western blot
	mouse hippocampal CA1 neurons, HEK-293T cells
	Sim SE et al., 2016[15]

	
	pathway
	miR-9-3p↓ ⇒ Dmd/SAP97↑ ⇒ disturbed AMPAR trafficking ⇒ LTP impairment ⇒ spatial & trace memory deficits
	hippocampal slice whole-cell patch-clamp LTP/LTD + Morris water maze + object-location memory + trace fear conditioning
	adult C57BL/6N mice
	

	[bookmark: _Hlk214206588]miR-24-3p
	direct target
	KLF8↓
	dual-luciferase reporter assay + qRT-PCR
	Aβ25-35 treated human neuroblastoma SH-SY5Y cells
	Liu L et al., 2021[16]

	
	pathway
	miR-24-3p↑ ⇒ KLF8↓ ⇒ proliferation↓, apoptosis↑ ⇒ exacerbated AD cell injury
	CCK-8 cell viability + Annexin V-FITC/PI flow-cytometry apoptosis assay
	
	

	miR-128-3p
	direct target
	PPARG↓
	miRNA-seq + qRT-PCR + TargetScan prediction + Western blot + luciferase reporter
	SAMP8 mouse cortical tissue, primary hippocampal neurons (APP/PS1)
	Bellver-Sanchis A et al., 2024[17]

	
	pathway
	miR-128-3p↓ ⇒ PPARG↑ ⇒ antioxidant enzymes↑, pro-oxidant enzymes↓ ⇒ OS↓ survival↑
	qRT-PCR + Western blot + LDH survival assay
	
	

	[bookmark: OLE_LINK78]miR-128-5p
(miR-128-1-5p*)
	direct target
	STIM2↓
	single-cell qPCR + Western blot + luciferase reporter
	6-month male APP/PS1 mossy cells, HEK293T reporter cells
	Deng M et al., 2021[18]

	
	pathway
	miR-128-5p↑ ⇒ STIM2↓ ⇒ impaired ER Ca²⁺ sensing ⇒ ↓ glutamate release probability ⇒ MC→SST synaptic failure ⇒ memory imprecision
	dual patch-clamp EPSC/PPR + LST touchscreen (behavior) + LNA blocking oligo
	6-month male APP/PS1 mice
	

	
	direct target
	[bookmark: OLE_LINK87]GSK-3β↓
	Luciferase reporter assay + Western blot
	293T-Tau cells, SH-SY5Y cells
	Li S et al., 2023[19]

	
	pathway
	miR-128↑ ⇒ GSK-3β↓ ⇒ Tau phosphorylation↓
	Western blot
	
	

	
	direct target
	[bookmark: OLE_LINK89]APPBP2↓
	Luciferase reporter assay + RT-qPCR + Western blot
	N2a-APPsw cells, SH-SY5Y cells
	

	
	pathway
	miR-128↑ ⇒ APPBP2↓ ⇒ APP↓ ⇒ Aβ↓
	ELISA + Western blot
	N2a-APPsw cells
	

	
	direct target
	mTOR↓
	Luciferase reporter assay + Western blot
	N2a-APPsw cells, SH-SY5Y cells
	

	
	pathway
	miR-128↑ ⇒ mTOR↓ ⇒ LC3-II↑ ⇒ autophagy↑ ⇒ Aβ↓
	Western blot + TEM + fluorescence microscopy
	N2a-APPsw cells, N2a-tfLC3 cells
	

	
	direct target
	PPAR-γ
	Luciferase reporter assay + RT-qPCR + Western blot
	Primary mouse cortical neurons, Aβ1–42 treated Neuro2a cells
	Geng L et al., 2018[20]

	
	pathway
	miR-128↑ ⇒ PPAR-γ↓ ⇒ NF-κB↑ ⇒ Caspase 3↑ ⇒ apoptosis↑
	MTT assay + Flow cytometry + Caspase 3 & NF-κB activity assay
	
	

	miR-138-1-3p*
	-

	miR-138-2-3p*
	-

	miR-28-3p
	-


Note: * miRNAs added through the matching-and-expansion procedure.
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