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Brain-organismal communication

What comes out?
o molecules
o cells

What goes in?
o molecules
o cells

Understanding of brain physiology with aging and disease
Exploit transport mechanism for therapeutic use
Discover biomarkers

Understand individual variation (genetic, environmental)
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What goes from the circulation into the brain ?

tive transport  Brain
ain endothelial cell

Passive
transport Activation of

into the brain endothelial cells



Functional and molecular evidence that circulatory factors
modulate brain aging
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Molecular hallmarks of heterochronic
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Plasma proteome labeling to study brain protein uptake

Radiotracing
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Extensive vesicular staining of vascular tree




Plasma proteins accumulate in different brain cells

Neurons in hippocampus Neurons in neocortex Microglia in hippocampus

Hoechst/DNA Plasma NeuN/Neuron Plasma Hoechst/DNA Plasma Ibal/microglia
CD31/endothelial cell

Yang et al., Nature 2020



Regional heterogeneity of plasma uptake into
microglia of young mice

Hypothalamus Thalamus Hippocampus
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Plasma positive microglia are enriched in thalamus/hippocampus and
specialized in phagocytosis and antigen presentation

Proteome of plasma-positive vs
microglia in hypothalamus
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Number of plasma positive microglia changes prominently with age and
in Alzheimer’s amyloidosis mice

Plasma Positive Microglia with aging Plasma Positive Microglia with amyloidosis
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Plasma positive microglia represent a new way of communication
between brain, circulation, and body

. Circulatory proteins are taken up readily into the brain —
uptake shifts from receptor mediated to non-specific with
age

. Specialized microglia take up plasma proteins in region
specific way

. Plasma positive microglia appear specialized for
phagocytosis and antigen presentation

Plasma

. ApoAl is taken up from the blood by microglia and
facilitates this phagocytic, antigen presenting state



What comes out of the brain into the circulation?

Brain
endothelial cell

Passive
transport Activation of

into the brain endothelial cells



Brain and other organ-derived molecules can be measured in
the blood

@ Lipoproteins
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Blood protein-based machine-learning models measure brain
age

Brain-derived proteins Brain-derived proteins
accumulate in blood estimate brain age

(0]
o
1

Brain age gaps
predict disease
and mortality

Q I/ ©
&
Predlcid Age

(o)}
o

Chronological Age



Oldest brains are 12 times more likely to develop Alzheimer’s
disease within 15 years

Risk to develop Alzheimer’s Disease
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Brain age is captured by proteins from neurons, oligos and the
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Biological pathways implicated by top
brain longevity proteins
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Communication between brain and blood

Local
secretion to
CSF

CNS proteins

Blood to CSF
transport

Peripheral- ( il
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Al,j

g
L

7

Paired CSF and plasma from 2,171
healthy people and patients with
cognitive impairment and dementia
(age ~50-90 years old)
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Correlation between CSF and plasma protein levels
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Calculation of CSF/plasma ratios for each protein:
ratios change with cognitive function

better memory worse memory
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Genetic associations with CSF/plasma ratios
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Genetic association of transcobalamin 776C/G genotype with CSF/plasma
ratio — possible link to Vitamin B12 deficiency

Vitamin B12 Binding Protein Transcobalamin (TCN2) CSF/plasma ratio
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Summary

Plasma protein changes reflect physiological state but are also drivers of that state as shown

by rejuvenating effect of young plasma and uptake into microglia

Aging of the brain, risk for AD, and mortality can be predicted based on levels of neuronal,

synaptic and oligodendroglial proteins in blood

Ratios of protein levels between CSF and plasma change with age, cognitive function and

some are linked to genetic variants

Advanced plasma proteomics opens the possibility for unprecedented insight into human cell

and organ physiology on an individual basis
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