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How do we define ageing?




Ageing is a gradual decline
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Ageing is defined as time since birth

100

50-

Percent survival

0 -
0 20

Age (days)

40

60



Ageing: a definition

“ ..the time-dependent
functional decline that affects
most living organisms [..],
leading to impaired function
and increased vulnerability to
death.”

Lopez-Otin et al, 2013
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Classical approach for studying ageing
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Classical approach for studying ageing
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Hallmarks of ageing in a continuous ageing process
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= Continuous changes
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Hallmarks of ageing in a continuous ageing process
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Hallmarks of ageing in a continuous ageing process
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Defining ageing as a time to death




A Simple Assay To Identify Individuals About To Die Of Natural Causes

= /N VIVO
» measurement of intestinal
permeability

= non-toxic food dye

= non-absorbed food dye

= ‘Smurf’ phenotype
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Smurfness is an age-dependent phenotype
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Smurfness is a « physiological age »-dependent phenotype
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Every individuals turns Smurf prior to death
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The 2-Phase Model Of Ageing
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Hallmarks of ageing in the 2-Phase Model
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Hallmarks of ageing in the 2-Phase Model
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N —> — Death

systemic inflammation

* k%

I

1 non-Smurf

*%*

* % Smurf

e
g

o
@ 5
< 4
o
E 3
)
S 2
e 1
S
= 0

10 25 40 18
Age (days) Rera et al., 2012 PNAS



Hallmarks of ageing in the 2-Phase Model
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Hallmarks of ageing in the 2-Phase Model
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Hallmarks of ageing in the 2-Phase Model
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A novel framework for studying ageing
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Changing paradigm
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Changing paradigm

Percent survival

100-

50+

Classic framework

» Death

Chronological age

7

'\}

O

20

T 1
40 Age (days) 60

Individual life-histories

2-phase ageing framework

phase 1 phase 2

Death

Physiological age

=\h
_:_\\I(\/:’
—
—————
: ,—__—r
s — 4
T : T — 1
20 40 Age(days) 60

24



Changing paradigm
Classic framework 2-phase ageing framework
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Our approach separates chronology and physiology
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Our approach separates chronology and physiology
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There is a Smurf-specific signature

PC2: 13% variance
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Aged non-Smurfs are close to Smurf
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Smurfness recapitulates transcriptional ageing signature
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Ageing non-Smurf transcriptome accumulates expression noise
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Ageing non-Smurf transcriptome accumulates expression noise
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A broadly relevant model of ageing
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An evolutionarily conserved End-Of-Life phenotype

The 2-Phase Model of Ageing is evolutionarily conserved

Drosophila
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Adapted from Dambroise et al., 2016 Scientific Reports



An evolutionarily conserved End-Of-Life phenotype

The 2-Phase Model of Ageing is evolutionarily conserved

Drosophila Nematode
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An evolutionarily conserved End-Of-Life phenotype

The 2-Phase Model of Ageing is evolutionarily conserved

Drosophila Nematode Killifish Zebrafish
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An evolutionarily conserved End-Of-Life phenotype

The 2-Phase Model of Ageing is evolutionarily conserved

Drosophila Nematode Killifish Zebrafish
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A “public” path to death: mice

Dr. Céline Cansell

Survival curve
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A “public” path to death: mice
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A “public” path to death: mice
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Smurfness in mice
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A “public” path to death: mice
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A “public” path to death: mice
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» Death
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Cansell et al., 2025
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Searching for Smurfs in humans




Relevance of the model to the human risk of impending death

log-log scale of Smurf duration = f(life expectancy)
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Relevance of the model to the human risk of impending death

Life expectancy at birth (log(days))
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For how long are we dying?

Life expectancy at birth (log(days))

log-log scale of Smurf duration = f(life expectancy)
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Relevance of the model to the human risk of impending death

Life expectancy (days)

Grip Strength Predicts Cause-Specific Mortality in
Middle-Aged and Elderly Persons
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Assessing intestinal permeability in human natural death

Clément Dubost
Réa Bégin

- ICU patients, Smurfness and ICU scores
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Extending the Smurf assay to public health issues

risks of age-related pathologies?

/ predicting treatment failure?

Wi e 4 helping the curative/palliative

transition?
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Extending the Smurf assay to public health issues

risks of age-related pathologies?

\ helping the curative/palliative
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meets existential issues

Marie Gaille 83, Marco Araneda, Clément Dubost, Clémence Guillermain, Sarah Kaakai, Elise Ricadat,
Nicolas Todd & Michael Rera

BMC Medical Ethics 21, Article number: 64 (2020) | Cite this article

54

8310 Accesses | 9 Citations | 3 Altmetric | Metrics



#
#

Research Plateform on the End of Life
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