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Population changes

Population aged 60 years or over (millions)
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Multimorbidity trajectories

70 years: 70% multimorbidity
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Aim of Geroscience

Healthspan Age-Related Disease

Normal Aging

Today
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Seals & Melov, Aging 2014 NIA 2018
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The search for a fountain of youth endures across cultures. But the time is coming when we
treat ageing as a disease, not an inevitability, reports Bob Roehr

The lifespan of worms can be increased 10-fold through a single mutation to the insulin signaling pathway. The
lifespan of a mouse can be upped by 50%. As for humans, however,"There is still this notion among physicians and

the public in general that ageing is an inevitable universal process, that there’s not much you can do about it,” says

Joao Pedro de Magalhaes, a professor at the Institute of Ageing and Chronic Disease at the University of Liverpoal,
UK. "And that's not true.”

Enter geroscience: a discipline that first emerged in the 1990s as "a fundamentally different approach™ to thinking
about ageing, says Linda Partridge, a leader in the field with appointments to the Max Planck Institute in Cologne,
Germany, and University College Londaon, UK. In geroscience, she tells The BMJ, the appearance of one chronic
condition associated with ageing predicts the emergence of another, and another, and so on. Many of these
diseases share common signaling pathways and biological mechanisms such as inflammation.

De Magalhaes tells The BMJ, "We can retard ageing as a whole [by treating] multiple ageing diseases as one. Given

O p pO rtun |ty| that we can do it in so many different species, there is no reason to think that we cannot do it in humans.”
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Mechanisms of ageing
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Senescence and chronological age
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Senescence and age-related diseases
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Seals et al., J Physiol 2015



‘Blood’

factors influencing health
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Rejuvenation factor
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. . : Aging factor: P
Rejuvenation factor: ﬁ ging autophagy
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neurogenesis
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Oxytocin = = CCL12,CCL19,
TIMP2 Haptoglobin
Osteocalcin . = B-2microglobulin
Improve
' hepatogenesis
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hippocampus
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Wei et al., J Formosan Med J 2020 e



Scientist Robert Boyle *1627:
‘replacing the blood of the elderly with that ==
of the young would be beneficial’ i

Doctor Alexander Bogdanov 1920:
underwent young blood transfusions
‘more energetic and better looking’

Bruno Mallart

Parabiosis:

two living organisms are surgically joined,
—> develop single, shared circulatory
systems

, ' 2
Dorsal Ventral %{{(”L)\?k@



Parabiosis

Young mouse
(3 months old)

, Aged mouse
. (18 months old)

Morphologic changes
1 Neurogenesis

1 Synaptic plasticity

1 Macroautophagy
! Cardiac hypertrophy

1 Mitochondrial patterning
in muscle satellite cells

Direct administration
of GDF11

Transfusion of young
blood plasma

Functional changes

1 Olfaction

1 Cognitive function
1 Exercise endurance
1 Grip strength

Laviano et al., NEIJM 2014

Loffredo et al., Cell 2013; Conboy et al., Nature 2007,
Andersen et al.. Cell Res 2014: Sinha et al.. Science 2014



Parabiosis and cellular senescence

Young-Young Young-Old Old-Old
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Yousefzadeh et al., GeroScience 2021



Parabiosis and inflammation / SASP

Old-0lId
(Isochronic)

Young-Young
(Isochronic)

Young-Old
(Heterochronic)

Yousefzadeh et al., GeroScience 2021
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Parabiosis, visceral tissue, inflammation

Visceral adipose tissue

Parabiosis Mouse Mass Parabiosis VAT Mass
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Parabiosis and CVD

Heterochronicparabiosis
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Parabiosis and vasorelaxation

a

100
3
-
S
©
x
®
)
i

20

Kiss et al., GeroScience 2020

—&— Young (parabiont: Young)
—g— Young (parabiont: Aged)

—&— Aged (parabiont: Young)

80 -

60 -

40 -

—&— Aged (parabiont: Aged)

S
A H

Acetylcholine (log mol/L)



Rejuvenation blood and bone marrow

‘supplementation’ ‘transfusion’

a) supplementation
with youthful
factors

c, d) delivery of young or
rejuvenated HSCs or
differentiated blood cells

| reactive microglia
| synapse loss
1 cognitive function

b) depletion of
pro-aging factors

e) rejuvenation of the
hematopoietic niche

‘dialysis’ ‘transplantation’

Kang et al., Communications Biology 2020

Clinical trials in humans:
young plasma (4 weekly
250ml) infusion

AD

PD

stroke

postoperative recovery
joint replacement

Cord blood
IPSC




Circulating plasma factors

Young T Rejuvenating factol

l, Pro-aging factor

Apelin ~ TIMP2 B2M
Oxytocin ~ THBS4 Cadherin13 eNAMPT
; CCL11
GDF11 ? 'SPARCL1
Synaptic Bone mineral I_l\L

Muscle function Cognition Lifespan

plasticity

density

Kang et al., Aging 2020
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