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How do we age? Are there ways to slow aging and prevent disease?



Animal studies have revealed evolutionarily conserved mechanisms of aging

Taormino, MDPI (2019)



Therapies that target aging mechanisms can extend 
health and lifespan in model organisms

Harrison, Nature (2009)

How do we translate these findings to humans?



(80% of lab mice 
die from cancer)

First, we need a deeper molecular understanding of human aging



60,000 miles of blood vessels

Probing the blood to understand and measure human aging

Plasma - 55%

Blood 
Cells - 45%

Plasma content:
• Water - 91%
• Proteins - 8%
• Lipids
• Metabolites
• Ions
• Gases

Blood cholesterol



60,000 miles of blood vessels

Somalogic Proteomics
Measure levels of 11,000 
proteins using DNA 
aptamers

Probing the blood to understand and measure human aging

Plasma - 55%

Blood 
Cells - 45%

Plasma content:
• Water - 91%
• Proteins - 8%
• Lipids
• Metabolites
• Ions
• Gases



Thousands of proteins in our blood change in 
concentration with age

4,331 people
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Lehallier, Nature Medicine (2019)

Benoit Lehallier



These proteins can provide information about how fast or slow we are aging

Biological age estimation

Lehallier, Nature Medicine (2019)
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Human aging is multifaceted



Can we estimate biological age at organ-resolution?



Mapping the origins of the plasma proteome

Oh and Rutledge, Nature 2023

Jarod Rutledge



Train 1 conventional, 1 organismal, 
and 11 organ aging models

Evaluate aging models

…

Stanford-
ADRC
n=409

Knight-ADRC 
AD n=1,677

Knight-ADRC 
healthy controls n=1,398

LonGenity
n=962

Covance
n=1,029

SAMS
n=192

Deriving estimates of organ-specific biological age

Oh and Rutledge, Nature 2023Carlos Cruchaga, Nir Barzilai, Sofiya Milman, Anthony Wagner, Beth Mormino, Somalogic



Conventional vs organ age gaps Pairwise correlation of age gaps

Organ age gaps are only mildly correlated

Oh and Rutledge, Nature 2023



Extreme organ agers

Multi-organ

Artery

Liver

Adipose

Intestine

Kidney

Organismal/
Conventional

Immune

Heart

Pancreas

Lung

Muscle

Brain

All extreme organ 
agers (n=23%)

Different types of agers in the population

Oh and Rutledge, Nature 2023



Different types of agers in the population

Oh and Rutledge, Nature 2023



Organ aging is associated with future mortality risk

Oh and Rutledge, Nature 2023



Heart aging is associated with future heart failure

mean 
expression

Human heart scRNA expression

Heart aging model coefficients

Oh and Rutledge, Nature 2023



UK Biobank 
(n=50,000)

Our Nature study
(n=5,700)

Organ aging in the UK Biobank

Yann Le Guen

Unpublished
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f
Brain age versus 

Alzheimer’s disease risk
e

HR=0.28
(0.14-0.57)

HR=3.81 
(3.05-4.77)

Brain age predicts future Alzheimer’s disease

Unpublished



Accumulation of aging organs compounds risk of death 
and young immune system and brain reduces risk of death

Unpublished

b Extreme agers versus mortality risk c



The biology of brain and immune system aging

Unpublished

Top10 brain-longevity protein 
pathways

Top10 immune system-
longevity protein pathways



Organ aging is associated with lifestyle choices

Unpublished



Estrogen treatment for post-menopausal symptoms is 
associated with immune system youth

Unpublished

Age gap versus early menopause and 
estrogen treatment



Monitoring organ aging in living people

1. How do certain lifestyle interventions or 
drugs affect organ aging at an individual 
level?

2. Do interventions rejuvenate the whole 
body or specific organs? Are there 
accelerated aging side effects in all/a 
subset of people?

3. Can the proteins we measure to monitor 
aging also be drug targets (ie. cholesterol)?
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Organ aging in health and disease

AD pathologyCSF proteomics

Cognitive scoring

Synaptic aging in Alzheimer’s disease
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