Mitochondria & Aging

Professor
Institute of Medical Genetics & Genomics (IMGG)
Fudan Children’s Hospital, Shanghai Medical School
Fudan University
Huang_ts@fudan.edu.cn




The World’s Population is Aging Rapidly
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Hallmarks of Aging

(Cell, 2023)



Senescent cells drive aging and diseases
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Breakthrough Works in Aging
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Major Mitochondrial Functions

e Make ATP for cellular energy
e Fats
o Carbohydrates
e Protein

o Participate in apoptosis




High mtDNA Mutation Rate

High replicative index

Limited efficiency of its repair
mechanisms

Oxidative microenvironment

Lack of protective histones
embracing this small DNA molecule




Electron Transport Chain

Antioxidants and
ROS Scavengers
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Two Genomes for One Organell

DEAF 155§

| g =

A
P
\ 0 “_1DYS 14459

E ND6

America A
MELAS 3243— g

—
LHON 3460 ND1 S~ America C |

Africa L

1 =—=q
—
ADPD i <«—America D ] IEF

4336
ND2 ND¢

A urgpe Asia F
W%’_N? E/P H S\ \LHON 11778

America B, N,Q4', ~_
Ayas L LHON 10663

CoI coI1J” G
COII\ ATPase”

)
¢
MERRF 8344 ATPase8 NARP 8993/Leigh’s 8993




Slide 9

MSOffice8 or "in one cell"
, 3/25/2013



MtDNA NDNA

e Maternal Inheritance e+ AD
e Heteroplasmy

e Replicative
segregation

e High Mutation Rate

e X-linked




Maternal Inheritance
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Mitochondria & Aging

A Mathematical Model for the Diversity of
Age-Related mtDNA Mutations

Huanzheng Li 1%, Jesse Slone %, Lin Fei ** and Taosheng Huang %**

attention to the likely role that mtDNA mutation plays in aging and senescence. Finally, we will
use this context to develop a mathematical formula for estimating for the accumulation of somatic
mtDNA mutations with age. This resulting model shows that almost 90% of non-proliferating cells
would be expected to have at least 100 mutations per cell by the age of 70, and almost no cells would
have fewer than 10 mutations, suggesting that mtDNA mutations may contribute significantly to
many adult onset diseases.

B =16,569Z (X1 + X + X3) /2

Under this setting, assuming all variables are independent of each other, the expected mutation
burden is,
E(B) = 16,569 - 10£1%82) E(u/2) (E(X1) + E(X3) + E(X3))
= 16,569 x 1000 X 1.47 x 107 x (45 + 280 + 91) = 1013




MtDNA Mutations in Skin Fibroblasts &
IPSC Lines of a 72-year-old
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DNA Age (Horvath Clock) & mtDNA Mutation

A Error= 0.87 years cor=1, p<1e=200 Error= 2.1 years cor=0.98, p=1.1e-86 Error= 2.1 years p = 0.00071

Age Accel.




POLG and PolgP357A/D257A ( pojgmut/mut) Mutation
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(Science, 2005)

POLG (DNA polymerase subunit gamma) is the only known enzyme involved in mtDNA replication and repair.



Mitochondrial Regulation of Aging
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Hypothesis: Polgmut/mut Accelerates Aging by Elevated ROS
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RESEARCH ARTICLE SUMMARY

EVOLUTIONARY BIOLOGY

DNA methylation networks underlying
mammalian traits

Amin Haghani et al.

A. Haghani et al., Science 381, eabq5693 (2023). DOI:
10.1126/science.abq5693
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Organ aging signaturesintheplasma
proteome track health and disease
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Hamilton Se-Hwee Oh'%*%2, Jarod Rutledge®**%, Daniel Nachun®, Rébert Palovics®35,
Olamide Abiose®®, Patricia Moran-Losada®*, Divya Channappa®?%, Deniz Yagmur Urey™’,
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Animal studies show aging varies between individuals as well as between organs
withinanindividual'*, but whether thisis true in humans and its effect on age-related
diseasesis unknown. We utilized levels of human blood plasma proteins originating
from specific organs to measure organ-specific aging differencesin living individuals.
Using machine learning models, we analysed aging in 11 major organs and estimated
organ age reproducibly in five independent cohorts encompassing 5,676 adults across
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Nutrition on Heteroplasmy Shift
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Current Huang Laboratory Projects

Paternal Inheritance
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- : (Stem Cell, 2013, Stem
Ma et al Nature , 2015 Cell Translation Medicine,
Kang et al, Nature, 2016 NG W 2015)

Zhang et al, Rep BioMed 2017 i\
- > |7 L

\ o Molecular

”

Kang et al Cell Stem Cell, 2016 Diagnostic

Laboratory

ACACB

Optic nerve atrophy & axonal
peripheral neuropathy ATP5G3 DHTKD1 & OGDHI

SLC25A46 Leigh syndrome & Hearing loss Sherrill et al JCr
Abrahams et al Nat Genet, 2015 NARS2 Insight 2018

Li et al, HMG, 2017 Simons et al, Plos Genet, 2015 DXR
Li et al 2020 Peng et al, HMG, 2017,

Slone et 2018, 2020: Li et al 2020







