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Table 2 MicroRNA dysregulation and mitochondrial dysfunction in AD: overview of translational and fundamental studies  

	MiRNA - Translational Studies

	Reference
	Tissue sample
	Subjects or experimental model
	RNA quantification methods
	Results

	[51]


	Brain
	AD patients and controls
Meta-analysis:
· 36 transcriptomic datasets (7 for RNA-seq and 29 for microarray)
· 45 differential miR expression studies 
	N/A
	AD vs controls:
· ↓ miR-132-3p (logOR = −5.08; 95% CI −6.41 to −3.74; FDR = 1.19 × 10⁻12)
· ↓ miR-212-3p (logOR = −6.37; 95% CI −7.53 to −5.21; FDR = 2.38 × 10⁻25)
· miR-9-5p frequently reported as differentially expressed, but not among the statistically significant meta-analytic DEmiRNAs


	[52]

	Brain
	Discovery datasets:
· Religious Orders Study and the Rush Memory and Aging Project 
· miR cohorts: control (n=180), MCI (n=111), AD (n=147), other (n=12)
· mRNA cohorts: control (n=200), MCI (n=165), AD (n=251), other (n=12)

Validation dataset:
· Alzheimer's Disease Neuroimaging Initiative 
· mRNA cohorts: control (n=246), MCI (n=383), AD (n=114)
	N/A
	AD vs controls:
· ↓ miR-129-5p (FDR < 0.01)
· ↓ miR-132 (FDR < 0.01)
ceRNA regulatory axes:
· miR-132-3p – NEAT1 – circ_0132052
· miR-129-5p – MALAT1 – circ_0066962



	[53]e


	Brain
	Training set: GSE5281 
n= 87 controls
n= 74 AD samples
	N/A
	AD vs controls:
· ↓ HIBCH and MGME1 (>2-fold; p < 0.001)
· miR-922 predicted and experimentally validated as a direct regulator of MGME1

	
	Blood
	Validation set: GSE63061 
n= 139 AD samples
n=249 controls

	
	

	[54]
	Brain 
	GSE118553
GSE48350 
GSE33000

n= 377 AD patients 
n= 223 controls
	N/A
	AD vs controls:
· miR-103 and miR-484 identified as predicted regulators of mitochondrial hub genes (UQCRFS1, NDUFS2, NDUFS3, NDUFS1, SDHB, MDH2, PDHA1, NDUFS8, NDUFB10 and NDUFV1)
· miR-103 showed a reported interaction with NDUFV1; the role of miR-103/miR-484 in AD remains insufficiently characterized

	[55]
	Brain (frontal cortex)
	n=10 AD
n=12 controls
n=12 nondemented with Alzheimer's neuropathology (NDAN) 
	RT-qPCR
	AD vs controls and NDAN:
· ↑ miR-485-5p vs controls (p = 0.007)
· ↑ miR-485-5p vs NDAN (p = 0.003)
· no significant difference between controls and NDAN (p = 0.0909)
· ↓ PGC1α in AD; elevated miR-485-5p was proposed to contribute to PGC1α inhibition

	[56]
	Brain (hippocampus)
	NeuroPro database: 11 proteomic studies of human AD hippocampal tissue
	N/A
	AD hippocampus:
· miR-106b-5p, miR-17-5p and miR-16-5p identified as regulators associated with altered proteins
· associated target proteins enriched in ribosomal function, autophagy and immune-system pathways

	[57]
	Brain (temporal neocortex)
	n=3 AD patients (79.3 ± 9.2 years)
n=3 controls  (78.4 ± 5.7 years)
	array-based miRNA-mRNA analysis and miRNA-mRNA-based linking assay 
	AD vs age-, sex- and PMI-matched controls:
· ↑ miR-9, miR-34a, miR-146a and miR-155 (1.7- to 3.3-fold)
· miR-9, miR-34a, miR-146a and miR-155 have recognition sites in the SIRT1 mRNA 3′UTR
· their upregulation was proposed to contribute to ↓ SIRT1 expression in AD

	[58]e








	Plasma
	n=36 controls
n=24 aMCI
n=36 AD
	Microarray for
miRNAs
	AD vs controls (|FC| > 1.5; p < 0.05):
· ↑ miR-1273g-3p
· ↑ miR-8063
· ↓ miR-6798-3p
· ↓ miR-106b-5p
· ↓ miR-363-3p
aMCI vs controls (|FC| > 1.5; p < 0.05):
· ↑ miR-1273g-3p
· ↑ miR-375

	
	Plasma 
	n=31 control
n=12 PSAD (presymptomatic AD)
n=20 PDAD (prodromal AD)
n=20 AD
	RT-qPCR

	 AD vs controls:
· ↑ miR-1273g-3p (p < 0.05)
AD vs PSAD:
· ↑ miR-1273g-3p (p < 0.01)
PDAD vs controls:
· no significant difference in miR-1273g-3p

	
	CSF
	n=13 controls
n=10 PSAD
n=13 PDAD
n=14 AD
	RT-qPCR

	PSAD vs controls:
· ↑ miR-1273g-3p (p < 0.01)
PDAD vs controls:
· ↑ miR-1273g-3p (p < 0.01)
AD vs controls:
· ↑ miR-1273g-3p (p < 0.001)
CSF miR-1273g-3p negatively correlated with CSF Aβ42 (r = -0.501; p < 0.001)

	
	Brain (hippocampus)
	Prefrontal cortex RNA-seq dataset:
n=383 AD
n=165 controls

Post-mortem hippocampus:
n=8 AD
n=5 controls
	N/A
	AD vs controls:
· ↓ GLRX5, MTCH1 and TIMM13 mRNA in prefrontal cortex
· ↓ TIMM13 protein in hippocampal CA1, CA2 and CA3

	[59]e
	Brain (temporal neocortex)
	n=13 AD patients
n=10 controls

	RT-qPCR
	AD vs age-matched controls:
· ↑ miR-146a (3.6-fold; p ≤ 0.05)
· miR-146a negatively correlated with VDAC1 protein levels (ρ = -0.80; p ≤ 0.01)

	[60]e
	Brain (hippocampus)
	n=6 AD 
n=6 controls


	RT-qPCR
	AD vs controls:
· ↓ miR-218-5p and miR-124-3p (p < 0.05)
· ↑ RTN3 protein (p < 0.001)

	[61]e

	Brain 
	GSE173955  
n=8 AD (hippocampus)
n=10 controls
	 N/A
	AD vs controls:
· ↓ OPA1 (p = 0.031)
· ↓ MFN2, not significant (p = 0.058) 

AD vs controls:
· ↓ OPA1 (p = 0.029)
· ↓ MFN2 (p = 0.00042)

	
	
	GSE183260 
n = 19 AD (whole brain)
n = 21 controls
	 N/A
	

	[62]







	Brain 
	GSE5281:
n=87 AD
n=74 controls

Validation dataset GSE132903:
n=97 AD
n=98 controls

miRDB/HMDD databases:
hub gene-targeting AD-associated miRNAs
	N/A
	GSE5281, AD vs controls:
· ↑ TFEB (logFC = 1.80; Padj = 1.75 × 10^-14)
· ↓ TOMM20 (logFC = -1.01; Padj = 1.77 × 10^-6)
· ↓ GABARAPL1 (logFC = -1.01; Padj = 1.57 × 10^-9)
Expression patterns of TFEB, TOMM20 and GABARAPL1 confirmed in GSE132903 (p < 0.001)
miRDB/HMDD:
· TFEB predicted targets: miR-29a-3p, miR-124-3p, miR-29b-3p, miR-29c-3p
· TOMM20 predicted targets: let-7a-2-3p, miR-204-3p
· GABARAPL1 predicted targets: miR-195-5p, miR-16-5p, miR-155-5p, miR-497-5p, miR-15b-5p, miR-143-3p, miR-133b

	[64]e
	Brain (frontal cortex)
	n=27 AD (65–95 years old)
n=15 controls (65–103 years old)
	RT-qPCR
	AD vs controls:
· ↑ miRNA PC-5P-12969 (p = 0.0008)

	[83]
	Whole blood
	Statistical and machine learning analysis
N=7 AD (>65 years old)
N=4 controls (>65 years old)
	Small RNA-Sequencing
	AD compared to controls (peripheral blood):
↓miR-6501-5p (log2FC = −1.34159, p = 0.003957) 
↓miR-143-3p (log2FC = −0.69404, p = 0.048802)

Predicted mitochondrial target genes:
· miR-6501-5p: predicted to target ATP5E 
· miR-143-3p: predicted to target NDUFB9, NDUFA9, NDUFS1 and COX4I1 
Associated mitochondria-relevant terms as per Gene Ontology (GO) analysis:
· miR-6501-5p: respiratory electron transport chain; generation of precursor metabolites and energy
· miR-143-3p: respiratory electron transport chain; generation of precursor metabolites and energy; mitochondrial inner membrane; mitochondrial electron transport; NADH dehydrogenase activity; mitochondrial respiratory chain complex I

	[84]e
	Brain
	Hippocampus,
medial frontal gyrus, and cerebellum samples
from age-matched n=27 subjects:
n=2 Braak stage 0 (non-demented)
n=5 Braak stage 1 (non-demented)
n=5 Braak stage 3 (non-demented)
n=5 each Braak stages 4, 5, and 6 (AD)
	RT-qPCR

	Braak stages 5–6 AD vs Braak stages 0–1 controls:

Hippocampus: ↑ miR-423 (p < 0.05)
Medial frontal gyrus: ↑ miR-423 (p < 0.05)
Cerebellum: ↓ miR-98 (p < 0.05)





	MiRNA – Fundamental Studies

	Reference
	Tissue sample
	Subjects or experimental model
	RNA quantification methods
	Results

	[48]

	Cells
	SK-N-SH and CHP212 cells treated with Aβ 
	RT-qPCR
	Aβ-treated vs control cells:
- ↓ miR-22-3p (p < 0.001)
Mechanistic validation:
· miR-22-3p mimic vs miR-NC: ↓ PDE4A
· miR-22-3p directly targets the PDE4A 3′UTR
· miR-22-3p overexpression protected against Aβ-induced neuronal injury

	[50]

	Brain (hippocampus)
	APP/PS1 mice
	RT-qPCR
	APP/PS1 vs WT littermates:
· ↓ Dicer1 mRNA (4 months: p = 0.0335; 11 months: p = 0.0167) 
· ↓ Dicer1 protein (4 months: p = 0.0092; 11 months: p = 0.0002) 
· ↓ Nrf2 mRNA (4 months: p = 0.0304; 11 months: p = 0.0195) 
· ↓ Nrf2 protein (4 months: p = 0.0001; 11 months: p = 0.0038) 
· ↑ activated caspase-3 protein (4 months: p = 0.0098; 11 months: p = 0.0008)

	
	Cells
	Primary murine hippocampal neurons


	RT-qPCR
	Dicer1 siRNA vs NC siRNA:
· increased ROS (p < 0.0001)
· decreased MMP (p = 0.0399)
· ↑ activated caspase-3 protein (p = 0.020)

	
	Cells
	Neuro-2a cells
	RT-qPCR
	Aβ42 vs vehicle:
· ↓ Dicer1 protein (p = 0.0004)
· ↓ Nrf2 protein
Nrf2 overexpression vs vehicle plasmid:
· ↑ Dicer1 mRNA (p = 0.0482)
· ↑ Dicer1 protein (p = 0.024)
Mechanistic validation:
· Nrf2 directly regulates Dicer1 transcription through ARE sites in the Dicer1 promoter

	[53]

	Cells
	293T cells co-transfected with MGME1 3′UTR luciferase reporter constructs and miR-922 or miR-98-5p
	N/A
	MGME1-3′UTR-WT + miR-922 vs MGME1-3′UTR-WT + miR-NC:
· decreased luciferase activity by 42% (p = 0.003)
· confirmed direct binding of miR-922 to MGME1 3′UTR
MGME1-3′UTR + miR-98-5p:
· no specific binding to MGME1

	[58]
	Cells
	H4-APPswe and SH-SY5Y cells
	RT-qPCR
	H4-APPswe and SH-SY5Y + miR-1273g-3p mimic vs mimic NC:
· ↑ miR-1273g-3p (p < 0.01)
· decreased MMP and mitochondrial respiration
· increased mitochondrial fragmentation and oxidative stress
· ↓ GLRX5, MTCH1 and TIMM13
Rescue experiments:
· restored mitochondrial respiration and reversed BACE1/Aβ42-related changes

	[59]



	Cells
	Primary cortical neurons from Sprague Dawley rats treated with Aβ
	RT-qPCR
	Aβ-treated vs untreated primary cortical neurons:
· ↑ intracellular miR-146a (p ≤ 0.05)
· ↑ EV miR-146a (p ≤ 0.0001)

	
	Cells
	Primary mixed glial cells from Sprague Dawley rats
	RT-qPCR
	Aβ-treated vs untreated primary mixed glial cells:
· ↑ intracellular miR-146a (p ≤ 0.0001)
· ↑ EV miR-146a (p ≤ 0.01)
miR-146a overexpression vs vector control in primary mixed glia:
· ↑ intracellular miR-146a (>2-fold)
· ↑ EV miR-146a (53–116-fold)
· decreased ATP-linked respiration, maximal respiration and spare respiratory capacity, glycolysis, glycolytic capacity and glycolytic reserve

	[60]
	Brain (dentate gyrus)
	Male 3× Tg-AD mice subjected to social isolation

Adult male C57BL/6 mice (wild-type)  subjected to social isolation
	RT-qPCR
	Socially isolated vs group-housed AD and WT mice:
· ↓ miR-218-5p and miR-124-3p
Socially isolated AD mice + miR-218-5p/miR-124-3p agomirs vs scramble:
· restored DG-CA3 synaptic plasticity and pattern separation
Mechanistic validation: 
· miR-218-5p and miR-124-3p directly bind the Rtn3 3′UTR and posttranscriptionally suppress RTN3 protein 
· RTN3 upregulation/aggregation disrupted mitochondrial distribution in presynaptic boutons

	[61]

	Brain
	3xTg-AD mice
	RT-qPCR
	3×Tg-AD vs WT mice:
· ↑ miR-323-5p and miR-370-3p (>2-fold, p < 0.001)
· ↓ OPA1 and MFN2 protein

	
	Cells
	Adult rat hippocampal neural stem/progenitor (HCN) cells
· insulin withdrawal
· miR-150-3p, miR-323-5p or miR-370-3p transfection
	Microarray for miRNAs
	Insulin withdrawal vs control:
· ↑ miR-150-3p, miR-323-5p and miR-370-3p
miRNA transfection vs control:
· ↓ OPA1
· miR-150-3p additionally ↓ MFN2
· decreased mitochondrial respiration and ATP production
· increased mitochondrial fission
Mechanistic validation:
· miR-150-3p directly binds the MFN2 3′UTR (30% reduction in reporter activity, p < 0.001)
· OPA1 is a potential target of all three miRNAs

	[63]



	Cells
	HCN cells


	RT-qPCR
	miR-351-5p mimic vs miR-Con:
· ↓ Miro2 mRNA by 71% (p < 0.0001)
· ↓ Miro2 protein by 41% (p < 0.01)
· increased mitochondrial fission, mitophagy, autophagy-dependent cell death
· decreased MMP and ATP production
Mechanistic validation:
· miR-351-5p directly targets the Miro2 3′UTR (37% reduction in reporter activity; p < 0.001)

	
	Brain (hippocampus)
	AD model: 5xFAD mice, 3xTg-AD mice
WT mice
	RT-qPCR
	3xTg-AD and 5xFAD vs WT mice:
· ↑ miR-351-5p
· ↓ Miro2

	[64]
	Brain (cortex)
	APP transgenic mice (Tg2576), 6 months old  (n = 5)
Tau transgenic mice (P301L), 6 months old (n = 5)
Aβ knock-in mice (hA-KI), 12 months old  (n = 5)
Wild-type C57BL/6 mice (n = 5)
	RT-qPCR
	vs respective WT controls:
· ↑ miRNA PC-5P-12969 in APP mice (p = 0.0117)
· ↑ miRNA PC-5P-12969 in Tau mice (p = 0.0110)
· no significant change in 6-month hA-KI mice (p = 0.9606)
· ↑ miRNA PC-5P-12969 in 12-month hA-KI mice (p = 0.0362)

	
	Cells
	HT22 cells (untreated)
HT22 cells + miRNA PC-5P-12969 vector
HT22 cells + mAPP plasmid vector
HT22 cells + miRNA PC-5P-12969 + mAPP vectors (pre-condition) 
HT22 cells +  mAPP + miRNA PC-5P-12969 vectors (post-condition)
	RT-qPCR
	vs untreated HT22 cells:
· ↑ miRNA PC-5P-12969 with mAPP (p < 0.0001)
· ↑ miRNA PC-5P-12969 with miRNA PC-5P-12969 vector (p < 0.0001)
· ↑ miRNA PC-5P-12969 in post-condition (p = 0.0001)
· no significant change in pre-condition (p = 0.9693)
Post-condition vs mAPP:
· ↓ GSK3α and APP
· increased ATP production and maximal mitochondrial respiration
· increased mitochondrial length
· decreased mitochondrial fragmentation
Mechanistic validation:
· miRNA PC-5P-12969 directly binds the GSK3α 3′UTR (p < 0.0001)

	[65]


	Brain 
	n = 3 APP/PSEN1 double transgenic mice 

n = 3 wild-type (WT) mice
	NanoString miRNA expression assay;
RT-qPCR
	AD cortex and hippocampus vs. controls:
· ↑ miR-7a (cortex and hippocampus)
· ↑ miR-148a (hippocampus)
· ↓ miR-34a (cortex)
· ↓ miR-128a (hippocampus)
↑ Klf4 protein (brain – immunofluorescence and Western Blot)

	
	Cells
	N9 microglial cells primed with lipopolysaccharide, followed by treatment with Aβ oligomers for 24 h (neuroinflammation model)
	N/A
	 miR-7a-mediated Klf4 silencing resulted in:
· decreased iNOS
↓ NLRP3 expression

	
	Cells
	SH-SY5Y cells
	N/A
	miR-7a mimic vs negative control: ↓ Klf4
miR-7a inhibitor treatment: ↑ Klf4

	
	Cells
	SH-SY5Y cells treated with RAS-selective lethal 3 and vehicle (ferroptosis model)
	N/A
	RSL3-treated SH-SY5Y vs SH-SY5Y: ↑ Klf4 mRNA and protein 
miR-7a mimic treatment  followed by RSL3 resulted in:
· decreased ROS
· normal long tubular mitochondrial morphology 
MMP recovery

	[65]


	Brain 
	12-month-old APP/PSEN1 double-transgenic mice (n = 3)

WT mice (n = 3)
	NanoString miRNA expression assay;
RT-qPCR
	APP/PSEN1 vs WT mice:
· cortex: ↑ miR-7a (2.05-fold); ↓ miR-34a
· hippocampus: ↑ miR-7a and miR-148a; ↓ miR-128a
· ↑ Klf4 protein (p = 0.015 by immunofluorescence; p < 0.05 by western blot)

	
	Cells
	N9 microglial cells primed with lipopolysaccharide, followed by treatment with Aβ oligomers for 24 h 
	RT-qPCR
	 LPS-primed N9 + AβO + miR-7a mimic vs LPS-primed N9 + AβO:
· decreased ROS
· ↓ iNOS and NLRP3

	
	Cells
	SH-SY5Y cells treated with RAS-selective lethal 3 and vehicle (ferroptosis model)
	RT-qPCR
	RSL3 + miR-7a mimic vs RSL3:
· ↓ Klf4
· decreased ROS
· restored normal long tubular mitochondrial morphology
· increased MMP (complete recovery at 250 nM miR-7a)
Mechanistic validation:
· - miR-7a directly binds the Klf4 3′UTR and suppresses Klf4

	[66]

	Brain
	n=42 APP/PS1 mice
n=6 wild type C57BL/6J  mice
	RT‐qPCR
	AD vs WT:
· ↑ miR-9-5p (p < 0.001)
· ↓ SIRT1
· decreased ATP, MMP and mitochondrial respiratory function
AD + Rg1 vs AD + Vehicle 1:
· ↓ miR-9-5p (p < 0.001)
· ↑ SIRT1
· improved mitochondrial function
AD + Rg1 + miR-9-5p agomir vs AD + Rg1 + agomir NC:
· ↑ miR-9-5p (p < 0.05)
· ↓ SIRT1
· increased mitochondrial dysfunction

	
	Cells
	Mouse hippocampal neuron HT-22 treated with Aβ1–42 (20 µM)
	RT‐qPCR
	Aβ1-42 vs blank:
· ↑ miR-9-5p (p < 0.001)
· ↓ SIRT1
· ↓ PINK1, Parkin, LC3B II/I and Beclin-1
Aβ1-42 + Rg1 vs Aβ1-42 + Vehicle 1:
· ↓ miR-9-5p (p < 0.001)
· ↑ SIRT1
· ↑ PINK1, Parkin, LC3B II/I and Beclin-1
Aβ1-42 + Rg1 + miR-9-5p mimic vs Aβ1-42 + Rg1 + mimic NC:
· ↑ miR-9-5p (p < 0.05)
· ↓ SIRT1
· ↓ PINK1, Parkin, LC3B II/I and Beclin-1
· decreased ATP, MMP and mitochondrial respiratory function

	[67]
	Cells



	Primary human neuronal cultures from human induced pluripotent stem cells (hiPSCs) exposed to 1 µM Aβ-42o
	RT‐qPCR
	hiPSC-NSC-EVs (containing miR-148a-3p, miR-21-5p and miR-103a-3p) + Aβ-42o vs Aβ-42o alone:
· decreased mitochondrial superoxide
· ↓ BAD and BAX; ↑ BCL-2
· increased MMP and preserved TOM20+ mitochondria
· ↑ Beclin-1 and MAP1LC3B
· normalized mitochondrial complex gene expression

	[68]







	Brain
	Male Sprague-Dawley rats, induced via aggregated injection Aβ1-42 into the hippocampus
	RT-qPCR 
	AD vs normal rat hippocampus:
· ↑ miR-140 (p < 0.05)
· ↓ PINK1

miR-140 antagomir vs NC-antagomir:
· ↑ PINK1
· increased autophagy

	
	Cells

	Primary hippocampal neurons from 1-day-old Sprague-Dawley rats treated with Aβ-derived diffusible ligands 
	RT-qPCR	
	AβDDLs-treated vs control neurons:
· ↑ miR-140 (p < 0.05)
· ↓ PINK1
· increased ROS and mitochondrial dysfunction; decreased autophagy

miR-140 inhibitor vs NC-inhibitor:
· ↓ miR-140 (p < 0.05)
· ↑ PINK1
· increased MMP and autophagy; decreased ROS

	[69]

	Cells
	Mouse hippocampal neuron cell line HT22 treated with Aβ25-35
	RT-qPCR
	Aβ25-35-treated vs untreated HT22 cells:
· ↓ miR-9-5p (p < 0.05)
· ↑ GSK-3β

Aβ25-35 + miR-9-5p mimic vs Aβ25-35 + NC mimic:
· ↑ miR-9-5p (p < 0.01)
· ↓ GSK-3β
· decreased ROS/oxidative stress and apoptosis
· ↓ cytochrome C, AIF, cleaved caspase-3 and BAX; ↑ BCL-2

	[70]




	Brain (hippocampus)
	SAMP8 mice aged 3-, 6- and 9- months (hippocampus)
	Microarray for miRNAs; 
RT-qPCR
	SAMP8 vs age-matched SAMR1 hippocampus:
· ↑ miR-195 at 3 and 6 months (p < 0.05); no significant change at 9 months
· ↓ miR-15b at 3, 6 and 9 months (p < 0.05)
· ↓ MFN2 mRNA and protein

	
	Cells
	HT-22 hippocampal neuronal cells transfected with miR-195 mimics
	N/A
	miR-195 mimic vs scramble in HT-22 cells:
· ↑ miR-195 (p < 0.05)
· ↓ MFN2 protein
· decreased MMP

	[71]

	Cells
	Rat hippocampal neurons treated with Aβ1-42 

Normal hippocampal neurons (control) 
	RT-qPCR
	Aβ1–42-treated vs control neurons:
· ↑ miR-204 (p < 0.05)
· ↓ TRPML1
· increased mitochondrial dysfunction/ROS and impaired mitochondrial autophagy
Aβ1–42 + miR-204 inhibitor vs Aβ1–42 + inhibitor negative-control:
· ↑ TRPML1
· ↓ PINK1, Parkin, LC3II and Beclin1
· increased MMP; decreased ROS and mitochondrial autophagy
Aβ1–42 + CLN (STAT3 activation) vs Aβ1–42 + vehicle:
· ↓ miR-204 (p < 0.05)
· ↑ TRPML1
· increased MMP and ATP; decreased ROS and mitochondrial autophagy

	
	Brain
	APP/PS1 transgenic AD mouse model 
	RT-qPCR
	APP/PS1 vs normal hippocampus:
· ↑ miR-204 (p < 0.05)
· ↓ TRPML1
· decreased mitochondrial autophagy and increased mitochondrial ROS

	[72]


	Cells
	SH-SWE cells (transfected with human APP695) 
	RT-qPCR 
	SH-SWE vs SH-WT:
· ↑ miR-124, miR-125b and miR-146a (p < 0.05); ↑ miR-21 and miR-155 (p < 0.01)
· ↑ exosomal miR-124 (p < 0.05) and miR-155 (p < 0.01)
miR-124 mimic vs mock in SH-SWE:
· ↑ miR-124 (70-fold; p < 0.01)
· ↓ exosomal miR-125b (p < 0.05), miR-146a and miR-155 (p < 0.01); miR-21 decreased, NS
· increased mitochondrial activity / MitoTracker intensity
miR-124 inhibitor vs mock in SH-SWE:
· ↓ miR-124 (≥80% decrease; p < 0.01)
· ↑ miR-21 (p < 0.05) and miR-146a (p < 0.01); ↓ miR-125b (p < 0.05)
· increased MFN2 protein; no significant change in DRP1

	
	Cells

	iNEU-PSEN (iNeurons from iPSCs generated from a patient carrying the PSEN1ΔE9 mutation) and iNEU-wild type from a healthy female control
	RT-qPCR
	iNEU-PSEN vs iNEU-WT:
· ↑ miR-124, miR-125b and miR-21 (p < 0.05)
· ↓ miR-146a and miR-155 (p < 0.05)
· ↑ exosomal miR-124 and miR-155 (p < 0.01)
miR-124 mimic vs mock in iNEU-PSEN:
· ↑ miR-124 (~12-fold; p < 0.01)
· ↓ miR-125b (p < 0.01) and miR-21 (p < 0.05)
· ↓ exosomal miR-21 and miR-146a (p < 0.05) and miR-155 (p < 0.01); miR-125b decreased, NS
miR-124 inhibitor vs mock in iNEU-PSEN:
· ↓ miR-124 (≥80% decrease; p < 0.01)
· ↓ miR-125b (p < 0.05) and miR-21 (p < 0.01); ↑ miR-146a (p < 0.01)

	[73]


	Cells
	APP Swedish SH-SY5Y cells (SWE)
	RT-qPCR 
	SWE vs wild-type SH-SY5Y (SH):
· ↑ miR-124 in cells and secretome (cellular, exosomal, and EXO-free; p < 0.05)

	
	Cells
	Human CHME3 microglial cells treated with IFNγ and co-cultured with SWE cells
	RT-qPCR 
	IFNγ-microglia co-cultured with SWE vs IFNγ-microglia monoculture:
· ↑ miR-124 in microglia (nearly 90-fold; p < 0.001)
IFNγ-microglia co-cultured with miR-124-mimic SWE vs IFNγ-microglia co-cultured with mock SWE:
· ↑ miR-124 in SWE cells (70-fold; p < 0.01) and secretome (exosomal and EXO-free; p < 0.05)
· ↑ miR-124 and ↓ miR-146a in co-cultured microglia (p < 0.01)
· ↓ iNOS and TNF-α expression in microglia
· increased mitochondrial activity / MitoTracker Red intensity

	[74]



	Cells
	 N2a mouse neuroblastoma cells transfected with mutant APP cDNA
	N/A

	mutant APP + miR-455-3p vs mutant APP
· increased mitochondrial biogenesis 
· decreased mitochondrial fragmentation
· ↓ mitochondrial fission markers (DRP1 and FIS1)
· ↑ mitochondrial fusion markers (OPA1, MFN1, and MFN2)

	[81]
	Cells
	human neural stem cells (hNSCs) (H9-derived) treated with Aβ1–42 +/- gold nanoparticles (AuNPs) 
	Microarray for miRNAs;
RT-qPCR
	Aβ + AuNPs vs Aβ
· ↑ miR-21-5p (FC = 4.78), miR-132, miR-107, miR-369, miR-181c, and miR-212
· ↓ miR-34a and miR-138
· ↑ DRP1, NRF1, and TFAM mRNA
· increased MMP and decreased mitochondrial ROS
· decreased apoptosis
Aβ + AuNPs + miR-21-5p inhibitor vs Aβ + AuNPs + NC
· ↓ miR-21-5p (p < 0.01)
· ↓ DRP1, NRF1, and TFAM mRNA
· decreased cell viability
· decreased MMP, increased mitochondrial ROS, and increased apoptosis
miR-21-5p mimic vs mimic-NC
· ↑ miR-21-5p (p < 0.01)
· ↓ SOCS6 protein
· increased cell viability and decreased apoptosis

	[82]
	Cells
	SH-SY5Y cells treated with Aβ25-35 
	RT-qPCR
	SH + Aβ25–35 + miR-375-3p vs SH + NC + Aβ25–35
· decreased Aβ25–35-induced apoptosis
· decreased intracellular ROS
· increased MMP / JC-1 polymer:monomer fluorescence ratio
AD + miR-375-3p vs AD control
· ↑ LC3B, Beclin-1, MFN2 and PINK1 mRNAs

	[85]
	Brain
	n=10 3×Tg-AD mice receiving PBS injections in the tail veil 

n=10 3×Tg-AD mice receiving CeO2-DRP/MA 1 mmol/L (CeO2 nanoparticles covalently linked with mitochondrial aptamers (MA) and DNA-RNA hybrid chains (DRP) to detect and silence mitochondrial miRNA-204) injections in the tail vein 

n=10 C57BL/6 mice 
	N/A
	3×Tg-AD treated with CeO2-DRP/MA vs PBS-treated 3×Tg-AD mice: 
· Decreased escape latency (p < 0.05) 
· Increased swimming speed (Morris water maze) 
· Decreased depression-related and anxiety-related behaviors 

Hippocampal tissue of CeO2-DRP/MA treated vs PBS-treated 3×Tg-AD mice:
· ↓ PINK1, Beclin1, and LC3B mRNA/protein 
· ↑TRPML1 and p-STAT3 mRNA/protein


	
	Cells
	SY5Y+Aβ cells
	RT-qPCR
	SY5Y+Aβ + CeO2-DRP/MA (1 mmol/L) vs untreated SY5Y+Aβ cells:
· increased cell viability from ~50% at 0 mmol/L to 98% at 1 mmol/L after 24 h
· increased MMP 
· ↓ mitochondrial miRNA-204 (p < 0.01)
· ↓PINK1, Beclin-1, and LC3B mRNA 
· ↑TRPML1 and STAT3 mRNA 


	
	Cells
	N2aSW cells
	N/A
	CeO2-DRP/MA-treated vs untreated N2aSW cells:
· ↓PINK1, Beclin-1, LC3B mRNA/protein
· ↑TRPML1, STAT3 mRNA/protein

	[84]
	Cells
	SK-N-AS (human neuroblastoma cells)
	RT-qPCR
	Pre-miR-423 vs negative control-transfected cells:
· ↓ IDH2 mRNA (59.33% and 60.19% of control in two independent experiments; p < 0.05)

	
	
	HepG2 (human hepatocellular carcinoma)
	RT-qPCR
	Pre-miR-98 vs negative control-transfected cells:
· ↓ IDH2 mRNA (70.03% and 43.98% of control in two independent experiments; p < 0.05)

	[86]
	Cells
	Kunming mice:
n=6 normal 
n=6 sham
n=66 successfully modeled AD mice after bilateral hippocampal Aβ1–40 injection, divided into 11 groups (n=6/group)
	RT-qPCR
	AD-mice derived osteoblasts: 
· AD + naringin vs AD + PBS: ↓ miR-96-5p (p < 0.05) 
· AD + miR-96-5p inhibitor vs AD + inhibitor-NC: ↓ miR-96-5p (p < 0.05), ↑ Foxo1, ↓Lcn-2
· AD + miR-96-5p mimic vs AD + miR-96-5p mimic-NC: ↓ Foxo1, ↑Lcn-2

	
	Brain
	
	N/A
	Hippocampus of AD mice:
· AD + miR-96-5p inhibitor vs AD + inhibitor-NC:
· Reduced OH-  and MDA 
· Increased SOD, CAT and GSH-Px
· [bookmark: _GoBack]AD + sh-Lcn2 vs AD + sh-NC: Reduced mitochondrial structural damage  (qualitative assessment)
· AD + oe-Foxo1 vs oe-NC: 
· Reduced mitochondrial structural damage (qualitative assessment)
· Reduced OH-  and MDA 
· Increased SOD, CAT and GSH-Px
· ↓ Lcn2



e Studies marked with a superscript ‘e’ included additional experimental validation directly assessing the reported ncRNA or its proposed regulatory interaction which was accordingly included in the ‘Fundamental’ section of the table.
Notes: Table 2 synthesizes the tissue sample, experimental model, RNA quantification method and mitochondrially-relevant results of microRNA-focused studies. Studies using human tissue like CSF, serum, plasma, blood or human omics datasets were termed ‘translational’, while in vitro and in vivo studies were referred to as ‘fundamental’. The first part of the table summarizes translational data while the second part of the table summarizes fundamental experimental findings. For those studies which featured both translational and fundamental results, the findings were placed in the respective table segment. The downregulation and upregulation of ncRNAs, other genes and proteins are represented using downward arrows (↓) and upward arrows (↑). The RNA quantification column indicates only experimental RNA expression assessment methods. N/A indicates that no experimental RNA quantification methods were reported or relevant to the study design.
Abbreviations: 3xTg-AD mice, Triple-transgenic Alzheimer’s disease model mice; AD, Alzheimer’s disease; aMCI, Aβ-positive amnestic mild cognitive impairment; APP, β-amyloid precursor protein; ATP, adenosine triphosphate; AuNPs, gold nanoparticles; Aβ, amyloid-beta; ceRNA, competing endogenous RNA; CSF, cerebrospinal fluid; DEmiRNA/DEmiRNAs, differentially expressed microRNA(s); EV, extracellular vesicles; HCN, adult hippocampal neural progenitor cells; hiPSC, human induced pluripotent stem cell; hNSC, human neural stem cell; iPSC, induced pluripotent stem cell; lncRNA, long non-coding RNA; MAP, Rush Memory and Aging Project; mAPP, mutant APP; MCI, mild cognitive impairment; miR/miRNA, microRNA; MMP, mitochondrial membrane potential; mRNA, messenger RNA; N/A, not applicable; ncRNA, non-coding RNA; NDAN, nondemented patients with Alzheimer's neuropathology; PDAD, prodromal Alzheimer's disease; PSAD, presymptomatic Alzheimer's disease; RNA-seq, RNA sequencing; ROS, reactive oxygen species; RT-qPCR, reverse transcription quantitative polymerase chain reaction; SAMP8, senescence-accelerated mouse prone 8; WT, wild-type; PBS, phosphate-buffered saline; CeO₂, cerium dioxide; DRP, DNA–RNA hybrid chains; MA, mitochondrial aptamers; DNA, deoxyribonucleic acid; RNA, ribonucleic acid; FAM, fluorescein amidite; IVIS, in vivo imaging system; NC, negative control; MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase; GSH-Px, glutathione peroxidase; shRNA, short hairpin RNA; oe, overexpression, RSL3, RAS-selective lethal 3; log2FC, log2 fold change; GO, Gene Ontology.
Gene and protein symbols: AIF, apoptosis-inducing factor; BAD, Bcl-2-associated death promoter; BAX, BCL2-associated X protein; BCL-2, B-cell lymphoma 2; Dicer1, double-stranded RNA-specific endoribonuclease 1; DRP1, dynamin-related protein 1; FIS1, mitochondrial fission protein 1; GABARAPL1, GABA type A receptor-associated protein-like 1; GSK-3β, glycogen synthase kinase-3 beta; GSK3, glycogen synthase kinase 3; HIBCH, 3-hydroxyisobutyryl-CoA hydrolase; iNOS, inducible nitric oxide synthase; Klf4, Krüppel-like factor 4; LC3B, microtubule-associated protein 1 light chain 3B; MAP1-LC3B, microtubule-associated proteins 1A/1B light chain 3B; MDH2, malate dehydrogenase 2; MFN1, mitofusin 1; MFN2, mitofusin 2; MGME1, mitochondrial genome maintenance exonuclease 1; Miro2, mitochondrial Rho GTPase 2; NDUFB10, NADH:ubiquinone oxidoreductase subunit B10; NDUFS1, NADH:ubiquinone oxidoreductase core subunit S1; NDUFS2, NADH:ubiquinone oxidoreductase core subunit S2; NDUFS3, NADH:ubiquinone oxidoreductase core subunit S3; NDUFS8, NADH:ubiquinone oxidoreductase core subunit S8; NDUFV1, NADH:ubiquinone oxidoreductase core subunit V1; NLRP3, NLR family pyrin domain-containing protein 3; NRF1, nuclear respiratory factor 1; NRF2, nuclear factor erythroid 2-related factor 2; OPA1, optic atrophy 1 gene; Parkin, E3 ubiquitin-protein ligase parkin; PDE4A, phosphodiesterase 4A; PDHA1, pyruvate dehydrogenase E1 subunit alpha 1; PGC-1α, peroxisome proliferator-activated receptor-gamma coactivator 1-alpha; PINK1, PTEN-induced putative protein kinase 1; PSEN1, presenilin 1; RTN3, reticulon 3 gene; SDHB, succinate dehydrogenase complex iron sulfur subunit B; SIRT1, sirtuin 1; SOCS6, suppressor of cytokine signalling 6; STAT3, signal transducer and activator of transcription 3; TFEB, transcription factor EB; TIMM13, translocase of the inner mitochondrial membrane 13; TNF-α, tumor necrosis factor alpha; TOMM20, translocase of the outer mitochondrial membrane 20; TRPML1, transient receptor potential mucolipin-1; UQCRFS1, ubiquinol-cytochrome c reductase Rieske iron-sulfur polypeptide 1; UTR, untranslated region; VDAC1, voltage-dependent anion channel 1, IDH2, isocitrate dehydrogenase 2, Beclin1, beclin 1; FOXO1, forkhead box O1; LCN2, lipocalin 2, ATP5E, ATP synthase F1 subunit epsilon; NDUFB9, NADH:ubiquinone oxidoreductase subunit B9; NDUFA9, NADH:ubiquinone oxidoreductase subunit A9; COX4I1, cytochrome c oxidase subunit 4I1.

Table 3 Long non-coding RNA dysregulation and mitochondrial dysfunction in AD: overview of translational and fundamental studies

	LncRNA - Translational Studies

	Reference
	Tissue sample
	Subjects or experimental model
	RNA quantification
method
	Results

	[46]e

	Brain
	GEO GSE4757 (n=10 controls, n=10 AD human  cortices)
GEO GSE16759 (n=4 controls, n=4 AD human samples - parietal lobe cortex)
	N/A
	GSE4757, AD vs controls:
· ↓ WT1-AS (p = 0.0082)
· ↓ SIX4 (p = 0.0055)
GSE16759, AD vs controls:
· ↑ miR-375 (p = 0.0438)

	[75]e

	Brain 

	n=8 controls (5 female, 3 male)
n=8 AD patients (4 female, 4 male, Braak stages IV-VI)
	RNAscope ISH; RT-qPCR; Northern blot
	AD vs age- and sex-matched controls:
· ↓ lncMtDloop in PFC (p = 0.0057)
· ↓ lncMtDloop in hippocampal CA1 (p = 0.0076)
· ↓ lncMtDloop in dentate gyrus, trend only (p = 0.063)
· ↓ lncMtDloop by RT-qPCR in PFC (p = 0.0031) and hippocampus (p = 0.0027)

	[76]e

	CSF
Serum


	n=16 probable AD patients (7 males and 9 females, 70.3 ± 8.8 years) 

n=18 healthy individuals (8 males and 10 females, 68.3 ± 9.6 years)
	RT-qPCR 
	AD patients vs healthy controls:
· ↑ lncRNA-ATB in CSF (p < 0.001)
· ↑ lncRNA-ATB in serum (p < 0.05)

	LncRNA - Fundamental Studies

	Reference
	Tissue sample
	Subjects or experimental model
	RNA quantification methods
	Results

	[45]


	Cells
	SH-SY5Y cells treated with Aβ25-35

human primary neurons treated with Aβ25-35
	RT-qPCR

	Aβ25-35-treated vs untreated SH-SY5Y and human primary neurons:
· ↑ SNHG1 (20 μM: p < 0.001)
· decreased MMP
Aβ25-35 + si-SNHG1 vs Aβ25-35 + si-NC:
· increased MMP and decreased apoptosis
Mechanistic validation:
· SNHG1 knockdown ↑ miR-137 (p < 0.01)
· SNHG1 sponges miR-137; miR-137 directly targets KREMEN1
· miR-137 inhibition or KREMEN1 overexpression partially reversed the protective effects of SNHG1 knockdown

	[46]
	Cells
	SH-SY5Y cells  treated with Aβ25-35
	RT-qPCR 
	Aβ25-35-treated vs untreated SH-SY5Y cells:
· ↑ miR-375 (p < 0.05)
· ↓ WT1-AS and SIX4 (p < 0.05)
Aβ25-35 + miR-375 mimic vs Aβ25-35 + mimic-NC:
· ↓ SIX4 mRNA and protein (p < 0.05)
· decreased MMP and ATP production
· increased oxidative stress and apoptosis
Mechanistic validation:
· miR-375 directly binds SIX4 mRNA
· WT1 transcriptionally promotes miR-375 expression

	
	Brain
	Male BALB/c mice, Aβ25-35-induced AD model
n = 10/group
	RT-qPCR
	Aβ25-35 AD-model vs sham mice:
· ↑ miR-375 (p < 0.05)
· ↓ WT1-AS and SIX4; ↑ WT1
AD + WT1-AS overexpression vs AD + oe-NC:
· ↓ miR-375 (p < 0.05)
· ↑ SIX4 (p < 0.05)
· decreased oxidative stress and neuronal apoptosis

	[47]

	Cells
	PC12 cells treated with Aβ25-35
	RT-qPCR
	Aβ25-35-treated vs untreated PC12 cells:
· ↑ H19 and ↓ miR-129 (p < 0.05)
· ↑ HMGB1 (p < 0.05)
Aβ25-35 + si-H19 vs Aβ25-35 + si-NC:
· ↑ miR-129 and ↓ HMGB1 (p < 0.05)
· decreased ROS and increased MMP (p < 0.05)
Mechanistic validation:
· H19 directly binds/sponges miR-129
· miR-129 directly targets the HMGB1 3′UTR

	
	Brain
	BALB/c male mice injected with Aβ25-35 (intraventricular)
n = 10/group
	RT-qPCR
	Aβ25-35 AD-model vs sham mice:
· ↑ H19 and ↓ miR-129
· ↑ HMGB1

	[49]


	Cells
	hiPSC-derived glutamatergic forebrain neurons from PSEN1-mutant patients (L150P, A79V) and isogenic controls (fibroblast-derived)
	Poly(A) RNA-seq
	A79V and L150P PSEN1-mutant neurons vs respective gene-corrected isogenic controls:
· ↓ MEG3 (A79V: L2FC = -5.88, Padj = 1.47 × 10⁻²⁹; L150P: L2FC = -6.31, Padj = 2.75 × 10⁻⁹⁴)
· ↓ LOXL1-AS1
· ↓ A2M-AS1

	[75]

	Cells
	WT and 3xTg-AD mouse-derived primary hippocampal neuron cultures 
	RNAscope ISH; RT-qPCR; Northern blot
	3xTg-AD vs WT primary hippocampal neurons:
· ↓ lncMtDloop (RT-qPCR: p = 0.0075)
3xTg-AD + LV-lncMtDloop vs 3xTg-AD + LV-control:
· ↑ mtRNA (p = 0.0363)
· ↑ mitochondrial genome-encoded OXPHOS genes/proteins
· ↓ Drp1 protein (p = 0.0352)
· ↑ Opa1 protein (p = 0.0296)
· increased basal and reserve mitochondrial respiration

	
	Brain
	3xTg-AD mice 
Wild-type mice
	RNAscope ISH; RT-qPCR; Northern blot 
	12-month-old 3xTg-AD vs age-matched WT mice:
· ↓ lncMtDloop in PFC and hippocampus (RT-qPCR: p = 0.0059 and p = 0.0082, respectively)
3xTg-AD + AAV-lncMtDloop vs 3xTg-AD + AAV-control:
· restored mitochondrial ultrastructure and morphology in PFC and hippocampus
· ↑ PINK1, Parkin and LC3B
Mechanistic validation:
· lncMtDloop directly interacts with TFAM and promotes its recruitment to mtDNA promoters, increasing mitochondrial transcription

	[76]

	Cells
	neuronal PC12 cells treated with Aβ 25-35
	RT-qPCR


	Aβ25-35-treated vs untreated PC12 cells:
· ↑ lncRNA-ATB (p < 0.001)
· increased ROS
· decreased MMP
Aβ25-35 + sh-ATB vs Aβ25-35 + sh-NC:
· ↓ lncRNA-ATB (p < 0.01)
· decreased ROS
· increased MMP
sh-ATB vs sh-NC:
· ↑ miR-200 (p < 0.01)
Aβ25-35 + sh-ATB + miR-200 inhibitor vs Aβ25-35 + sh-ATB + inhibitor NC:
· increased ROS
· decreased MMP
miR-200 mimic vs mimic NC:
· ↓ ZNF217 

	[77]

	Brain
	APP/PS1 mice
5xFAD mice
	RT-qPCR
	APP/PS1 and 5xFAD mice >6 months vs age-matched WT: 
· ↑ MIR600HG (p < 0.05; age-dependent) 
APP/PS1 + AAV-shMIR600HG vs untreated APP/PS1: 
· increased cytochrome c oxidase activity

	
	Cells
	SH-SY5Y cells
	N/A
	SH-SY5Y + MIR600HG overexpression vs control:
· ↑ PINK1–NEDD4L interaction
· ↑ PINK1 ubiquitination
· ↓ PINK1
· ↓ autophagy markers (LC3, OPTN and p62)
SH-SY5Y + shMIR600HG vs control:
· ↑ PINK1
· ↑ autophagy markers (LC3, OPTN and p62)

	[78]


	Brain (hippocampus)
	APP/PS1 transgenic mice

	RT-qPCR
	APP/PS1 vs WT:
· ↑ lncRNA NEAT1 in older APP/PS1 mice (p < 0.01)
APP/PS1 + AAV-NEAT1 vs untreated APP/PS1:
· decreased cytochrome c oxidase activity
APP/PS1 + AAV-shNEAT1 vs untreated APP/PS1:
· increased/restored cytochrome c oxidase activity and ATP
· decreased Aβ

	
	Cells
	SH-SY5Y cells
	N/A
	NEAT1 overexpression vs vector:
· ↑ PINK1 ubiquitination and degradation
· decreased PINK1-dependent autophagy
NEAT1 knockdown vs vector:
· ↓ PINK1 ubiquitination
· ↑ PINK1 and PINK1-dependent autophagy

	
	 Cells
	N2A-APPsw cells
	N/A
	shNEAT1 vs control:
· decreased Aβ42 (p < 0.01)
shNEAT1 + siPINK1/siOPTN/siLC3 vs shNEAT1:
· reversed the reduction in Aβ42

	[79]





	Cells
	PC12 cells treated with Aβ25-35
	RT-qPCR
	Aβ25-35 vs untreated PC12 cells:
· ↑ lncRNA BDNF-AS (p < 0.05)
· ↓ BDNF
Aβ25-35 + si-BDNF-AS vs Aβ25-35 + si-NC:
· ↓ lncRNA BDNF-AS (p < 0.05)
· ↑ BDNF and BCL-2; ↓ BAX and cleaved caspase-3
· increased MMP
· decreased cytochrome c release and apoptosis
· decreased ROS and MDA; increased SOD and CAT activity



e Studies marked with a superscript ‘e’ included additional experimental validation directly assessing the reported ncRNA or its proposed regulatory interaction which was accordingly included in the ‘Fundamental’ section of the table.
Notes: Table 3 synthesizes the tissue sample, experimental model, RNA quantification method and mitochondrially-relevant results of lncRNA-focused studies. Studies using human tissue like CSF, serum, plasma, blood or human omics datasets were termed ‘translational’, while in vitro and in vivo studies were referred to as ‘fundamental’. The downregulation and upregulation of ncRNAs, other genes and proteins are represented using downward arrows (↓) and upward arrows (↑). The first part of the table summarizes translational data while the second part of the table summarizes fundamental experimental findings. For those studies which featured both translational and fundamental results, the findings were placed in the respective table segment. The RNA quantification column indicates only experimental RNA expression assessment methods. N/A indicates that no experimental RNA quantification methods were reported or relevant to the study design. 
Abbreviations: 3xTg-AD mice, Triple-transgenic Alzheimer’s disease model mice; AD, Alzheimer’s disease; APP, β-amyloid precursor protein; ATP, adenosine triphosphate; AuNPs, gold nanoparticles; Aβ, amyloid-beta; CAT, catalase; CSF, cerebrospinal fluid; DG, dentate gyrus; GEO, Gene Expression Omnibus; hiPSC, human induced pluripotent stem cell; LC3, microtubule-associated proteins 1A/1B light chain 3; lncMtDloop, long non-coding mitochondrial displacement loop RNA; lncRNA, long non-coding RNA; lncRNA BDNF-AS, long non-coding RNA brain-derived neurotrophic factor antisense; lncRNA NEAT1, lncRNA nuclear paraspeckle assembly transcript 1; lncRNA WT1-AS, Wilms tumor 1 antisense RNA; MDA, malondialdehyde; miRNA, microRNA; MMP, mitochondrial membrane potential; mtRNA, mitochondrial RNA; N/A, not applicable; OSI, oxidative stress index; OXPHOS, oxidative phosphorylation; PFC, prefrontal cortex; Poly(A) RNA-seq, polyadenylated RNA sequencing; PSEN1, presenilin 1; RT-qPCR, reverse transcription quantitative polymerase chain reaction; SOD, superoxide dismutase; total RNA-seq, total RNA sequencing.
Gene and protein symbols: A2M-AS1, alpha-2-macroglobulin antisense RNA 1; BAX, BCL2-associated X protein; BCL-2, B-cell lymphoma 2; BDNF-AS, BDNF antisense RNA; DRP1, dynamin-related protein 1; HMGB1, high mobility group box 1; LC3B, microtubule-associated protein 1 light chain 3B; LOXL1-AS1, lysyl oxidase-like 1 antisense RNA 1; MIR600HG, miR-600 host gene; NEDD4L, neural precursor cell expressed, developmentally down-regulated 4-like, E3 ubiquitin protein ligase; OPA1, optic atrophy 1 gene; OPTN, optineurin; p62, sequestosome-1 (SQSTM1); Parkin, E3 ubiquitin-protein ligase parkin; PINK1, PTEN-induced putative protein kinase 1; SIX4, SIX homeobox 4; WT1, Wilms Tumor 1 gene; WT1-AS, Wilms tumor 1 antisense RNA; ZNF217, zinc finger protein 217.



Table 4 Circular RNA dysregulation and mitochondrial dysfunction in AD: overview of translational and experimental studies
	CircRNA – Fundamental Studies

	Reference
	Tissue sample
	Subjects or experimental model
	RNA quantification methods
	Results

	[48]

	Cells
	SK-N-SH and CHP212 cells treated with  20 μM Aβ exposure for 24 h
	RT-qPCR
	Aβ-treated vs control cells:
· ↑ circ_0049472 (p < 0.001)
· ↓ miR-22-3p (p < 0.001)
Aβ + si-circ_0049472 vs Aβ + si-NC:
· ↓ circ_0049472 (p < 0.001)
· ↑ miR-22-3p (p < 0.001)
· ↑ BCL-2; ↓ BAX and cleaved-caspase-3
· increased/restored MMP

	[49]

	Cells
	hiPSC-derived glutamatergic forebrain neurons from PSEN1-mutant patients (L150P, A79V) and isogenic controls (fibroblast-derived)
	Total RNA-seq
	L150P vs isogenic control:
· ↑ CDR1as/circ_0001946 (L2FC = 2.38; Padj = 2.04 × 10^-10)
· ↓ UBE2A
A79V vs isogenic control:
· circ_0001946: no significant change (L2FC = 0.67; Padj = 0.37)
· ↓ UBE2A

	[80]




	Cells
	Primary mouse hippocampal neurons treated with Aβ1-42 
	RT-qPCR
	miR-647 inhibitor + sh-circ_0004381 vs sh-circ_0004381:
· ↓ miR-647 (p < 0.05)
· increased ROS and cytoplasmic cytochrome c; decreased SOD
· attenuated the increases in ATP and MMP
· ↑ BAX/BCL-2 ratio

	
	Cells
	Microglial BV2 cells treated with lipopolysaccharide
	N/A
	LPS + sh-circ_0004381 vs LPS + sh-NC:
· ↓ iNOS and COX-2
· decreased M1 and increased M2 polarization
· decreased IL-1β, IL-6 and TNF-α

	
	Brain
	Male APPswe/PS1dE9 transgenic mice 
	N/A
	APPswe/PS1dE9 vs non-transgenic controls:
· ↑ circ_0004381 and ↓ miR-647 (p < 0.05)
APPswe/PS1dE9 + sh-circ_0004381 vs untreated APPswe/PS1dE9:
· ↓ circ_0004381 and ↑ miR-647 (p < 0.05)
· decreased ROS



Notes: Table 4 synthesizes the tissue sample, experimental model, RNA quantification method and mitochondrially-relevant results of 3 circRNA-focused studies. No eligible circRNA studies using patient-derived data were identified after the screening process. All circRNA evidence was derived from experimental in vitro and in vivo studies, which we refer to as ‘fundamental studies’. The downregulation and upregulation of ncRNAs, other genes and proteins are represented using downward arrows (↓) and upward arrows (↑). The RNA quantification column indicates only experimental RNA expression assessment methods. N/A indicates that no experimental RNA quantification methods were reported or relevant to the study design. 
Abbreviations: AD, Alzheimer’s disease; APP, β-amyloid precursor protein; ATP, adenosine triphosphate; Aβ, amyloid-beta; circRNA, circular RNA; hiPSC, human induced pluripotent stem cell; MMP, mitochondrial membrane potential; N/A, not applicable; ncRNA, non-coding RNA; Poly(A) RNA-seq, polyadenylated RNA sequencing; RNA-seq, RNA sequencing; ROS, reactive oxygen species; RT-qPCR, reverse transcription quantitative polymerase chain reaction; SOD, superoxide dismutase; total RNA-seq, total RNA sequencing.
Gene and protein symbols: BAX, BCL2-associated X protein; BCL-2, B-cell lymphoma 2; COX-2, cyclooxygenase-2; iNOS, inducible nitric oxide synthase; PSEN1, presenilin 1; UBE2A, ubiquitin-conjugating enzyme E2A.
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