
Mitochondria & Aging



The World’s Population is Aging Rapidly
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≈13.8%

≈22.5%

(United Nations, World Population Prospects 2022)



Hallmarks of Aging

(Cell, 2023)
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Senescent cells drive aging and diseases

M. Demaria, et al. Trends in Cell Biology, 2020.



Breakthrough Works in Aging

5Horvath et al



Major Mitochondrial Functions

• Make ATP for cellular energy
• Fats
• Carbohydrates
• Protein

• Participate in apoptosis
• Make free radicals
• ----



High mtDNA Mutation Rate 

• High replicative index
• Limited efficiency of its repair 

mechanisms
• Oxidative microenvironment
• Lack of protective histones 

embracing this small DNA molecule





Two Genomes for One Organelle
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mtDNA                 nDNA 

• Maternal Inheritance

• Heteroplasmy

• Replicative 
segregation

• High Mutation Rate

• AD

• AR

• X-linked



Maternal Inheritance
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Mitochondria & Aging



mtDNA Mutations in Skin Fibroblasts & 
iPSC Lines of a 72-year-old



DNA Age (Horvath Clock) & mtDNA Mutation



POLG and PolgD257A/D257A (Polgmut/mut ) Mutation

D257A mutation 

Exonuclease
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Polymerase 
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Mitochondrial Regulation of Aging

A B

(Nature, 2000)

C

(Circulation Research, 2013)

Ageing
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Hypothesis: Polgmut/mut Accelerates Aging by Elevated ROS

D257 D257A

Polgmut/mut 

mutation

ROS

Mitochondrial dysfunction

mtDNA mutations

8-Oxoguanine
(8-oxoG)

Guanine

Telomere shortening

Error-prone POLG 
mutant protein

Polgwt/wt

Polgmut/mut

• UPLC-MS/MS
• Comet assay
• IF

• qPCR
• Southern Blot
• Telo-Q-FISH

• DNA Methylation
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A. Haghani et al., Science 381, eabq5693 (2023). DOI: 
10.1126/science.abq5693
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Nutrition on Heteroplasmy Shift



Current Huang Laboratory Projects

Molecular 
Diagnostic  
Laboratory

Lenz Syndrome
New Syndrome

NAA10 (JMG, 2014)

Optic Atrophy  OPA1
• Human Mutation
• Drosophila Model
• Mouse Model 
• IPS cells and ES cells 

(Stem Cell, 2013, Stem 
Cell Translation Medicine, 
2015) 

Optic nerve atrophy & axonal 
peripheral neuropathy  

SLC25A46
Abrahams et al Nat Genet, 2015

Li et al, HMG, 2017
Li et al 2020

Leigh syndrome & Hearing loss
NARS2 

Simons et al, Plos Genet, 2015

mtDNA

Kang et al Cell Stem Cell, 2016

Ma et al Nature , 2015
Kang et al, Nature , 2016

Zhang et al, Rep BioMed 2017

Paternal Inheritance
Luo et al PNAS, 2018

FDXR
Peng et al, HMG, 2017,

Slone et 2018, 2020; Li et al 2020 

DHTKD1 &OGDHL
Sherrill et al JCI 

Insight 2018

ACACB
ATP5G3




