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What Are Mitochondria?
• “Powerhouse of the Cell”
• Energy is important!
• They relate to other things:

– Oxidative stress
– Calcium homeostasis
– Cell death

• They are dynamic
– Fission, fusion
– Increase or decrease in number
– Travel around the cell (synapses)

• Contribute to aging



Mitochondria are Altered in AD

• Mitochondria in AD Brains
– Look different
– Smaller
– Less turnover
– Reduced enzyme activities
– mtDNA changes

• Some Changes not Brain-Limited
– Cause vs effect?

Secondary Mitochondrial Cascade



• Cerebral blood flow
• White matter hyperintensities
• Insulin resistance
• Neuroinflammation
• Lipid biology
• Iron homeostasis
• Endosome trafficking

Klosinski et al. Ebiomedicine 2015

Mitochondria Influence AD Phenomena

Cai et al. Molecular Cell 2014

Liu et al. Molecular Immunology 2018

NLRP3

cGAS-STING

Katakam et al. 2021

Kim et al. 2008

Das et al. 2016



Mitochondria 101

• Bioenergetics
• mtDNA
• Mito-Nuclear Cross Talk
• Mito Quality Control
• Mitochondrial Proteome

mtDNA-Depleted Cells: AD Module From RNASeq “KEGG” Analysis
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Mitochondrial Proteome:
“MitoCarta” Categories
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Mitochondria Handle Proteins
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Weidling et al. JAD 2020Tracy et al. Cell 2022

Tau Affects Mitochondria, Mitochondria Affect Tau
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Pavlov et al. Faseb J 2011

APP Affects Mitochondria, Mitochondria Affect APP
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Wilkins et al. JAD 2022

Mitochondria Affect APP Trafficking and Aβ Release

Aβ is a biomarker
of mitochondrial
function?



Paternal Inheritance
Nuclear Genes

Maternal Inheritance
Nuclear Genes, mtDNA

Baseline Mitochondrial Function and Biology

Age-Associated Changes to Mitochondrial Function and Biology
Changes to mtDNA, mtDNA Copy Number

Reduced Respiratory Capacity

More Pervasive Changes to Mitochondrial Function and Biology
More Changes to mtDNA, mtDNA Copy Number

More Reduced Respiratory Capacity

Specific Histology and Proteostasis Changes
Altered APP Biology; Aβ Plaques
Altered Tau Biology; Tau Tangles

Other Protein Aggregations 
Synaptic Loss

Neurodegeneration

Systems Changes
Insulin Resistance

Altered Brain Perfusion
Microvascular Changes

Altered Lipid Biology
Microglial Activation and Inflammation

Progressive Cognitive Decline/Dementia

Time, Environment, Genetics

Time, 
Environment, 
Genetics

Mitochondrial Cascade Hypothesis (Swerdlow et al, JAD, 2018)



Targeting Mitochondria
• Neurotransmitter manipulation (cholinesterase inhibitors)
• Promote mitophagy 
• Protect (from oxidative stress, abeta, ApoE)
• Promote bioenergetic fluxes

Lu et al. JAD 2013. Morris et al. Function 2021



Ketogenic Diet Brain Changes: Unbiased KEGG Pathway Analysis 

Koppel et al.  JNC 2021



FDG PET

Vidoni et al. Alz Dement 2021Mansur et al. JNM 2020Higuchi et al. 
Neuroimmunology 2016Wilkins et al. Aging Cell 2021

Wang et al. Mitochondrion 2021Podlesniy et al. Ann Neurol 2013

Mitochondrial Biomarkers

• Neuroimaging
• Direct assays
• CSF
• Exosomes
• Aβ?

Mitochondrial Health Index

Factors in Multiple WBC Parameters:

Mitochondrial ROS, mitochondrial membrane 
potential, mitochondrial mass, apoptosis

NC AD 
0

2

4

6

M
H

I

✱✱



MITOMAN

ACKNOWLEDGEMENTS
University of Kansas Alzheimer’s Disease Research Center (P30AG072973)

Age
M

ito
ch

on
dr

ia
l F

un
ct

io
n


	Slide Number 1
	What Are Mitochondria?
	Mitochondria are Altered in AD
	Mitochondria Influence AD Phenomena
	Mitochondria 101
	Mitochondria Handle Proteins
	Tau Affects Mitochondria, Mitochondria Affect Tau
	APP Affects Mitochondria, Mitochondria Affect APP
	Mitochondria Affect APP Trafficking and Aβ Release
	Mitochondrial Cascade Hypothesis (Swerdlow et al, JAD, 2018)
	Targeting Mitochondria
	Slide Number 12
	Mitochondrial Biomarkers
	Slide Number 14

