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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

4



Ageing: a definition
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Classical approach for studying ageing
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Classical approach for studying ageing
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▪ Continuous changes

Death
Increasing systemic inflammation

Hallmarks of ageing in a continuous ageing process
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adapted from Landis et al., 2004

https://www.zotero.org/google-docs/?2JnPo0


▪ Continuous changes

Death
decreasing motor activity

Hallmarks of ageing in a continuous ageing process
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(Gargano et al., 2005) 

https://www.zotero.org/google-docs/?SyJfUO


▪ Continuous changes

Death
exponential increase of mortality rates

Hallmarks of ageing in a continuous ageing process
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(Jacobson et al., 2010)

https://www.zotero.org/google-docs/?X7Vjr4


Defining ageing as a time to death



▪ in vivo 

▪ measurement of intestinal 
permeability

▪ non-toxic food dye

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

▪ ‘Smurf’ phenotype

▪ non-absorbed food dye
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Rera et al., 2012 PNAS

Smurfness is an age-dependent phenotype
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Smurfness is a « physiological age »-dependent phenotype

Rera et al., 2012 PNAS
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Every individuals turns Smurf prior to death

150

150

Tricoire and Rera, 2015 PLOS ONE
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young

mid-age

old

The 2-Phase Model Of Ageing
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Age (days)

Death

Smurf

non-Smurf

systemic inflammation

Hallmarks of ageing in the 2-Phase Model 
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Death

Hallmarks of ageing in the 2-Phase Model 

non-Smurfs
loss of mobility

Smurfs
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Rera et al., 2012 PNAS



Death

Hallmarks of ageing in the 2-Phase Model 

non-Smurfs
loss of mobility

Smurfs
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Rera et al., 2012 PNAS



Death
mortality risk

Rera et al., 2012 PNAS

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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Age (days) Age (days)

Changing paradigm
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Age (days) Age (days)

Age (d) Age (d)

Changing paradigm
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Death

Understanding the increase in
age-dependent risks 

Our approach separates chronology and physiology
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Flaminia Zane

PhD 12/05/22
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?

Understanding the 
high risk of impending death

Our approach separates chronology and physiology

Death
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There is a Smurf-specific signature

Zane et al., 2023 Aging Cell
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Aged non-Smurfs are close to Smurf
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Number of differentially expressed genes

Smurf vs non-Smurfs

day 20

day 30

day 40
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Zane et al., 2023 Aging Cell
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Smurfness recapitulates transcriptional ageing signature

3108 Differentially Expressed Genes (DEGs) / 15364 identified genes

Lipid 
metabolism

Proteostasis 

Mitochondrial 
respiration

Immune 
response

Stress responses 
(GSTs, HSPs); UPRER

Cell 
motility
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Zane et al., 2023 Aging Cell
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Ageing non-Smurf transcriptome accumulates expression noise

stdev
mean

20 days old

30 days old

40 days old
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Zane et al., 2023 Aging Cell

#


Ageing non-Smurf transcriptome accumulates expression noise

stdev
mean

20 days old

30 days old

40 days old

2x
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Zane et al., 2023 Aging Cell
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20 days old

30 days old

40 days old

2x stdev
mean
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Zane et al., 2023 Aging Cell
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20 days old

30 days old

40 days old

2x stdev
mean
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Zane et al., 2023 Aging Cell
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A broadly relevant model of ageing
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Non-human Primate

 Drosophila                         Nematode                 Killifish                       Zebrafish                       

Adapted from Dambroise et al., 2016 Scientific Reports

An evolutionarily conserved End-Of-Life phenotype

The 2-Phase Model of Ageing is evolutionarily conserved
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Non-human Primate
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The 2-Phase Model of Ageing is evolutionarily conserved

An evolutionarily conserved End-Of-Life phenotype
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Non-human Primate

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

Adapted from Dambroise et al., 2016 Scientific Reports

The 2-Phase Model of Ageing is evolutionarily conserved

An evolutionarily conserved End-Of-Life phenotype
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Dr. Céline Cansell

A “public” path to death: mice

40
Cansell et al., 2025



                      
A “public” path to death: mice

41
Cansell et al., 2025



                      

Time before death (days)

A “public” path to death: mice
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Smurfness in mice
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Cansell et al., 2025



                      
A “public” path to death: mice
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A “public” path to death: mice
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A “public” path to death: mice

Cansell et al., 2025
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Searching for Smurfs in humans



Relevance of the model to the human risk of impending death
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7.5 years
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Smurf life expectancy (log(days))              
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Relevance of the model to the human risk of impending death

Smurf life expectancy (log(days))              
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7.5 years

linear extrapolation

Smurf life expectancy (log(days))              
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For how long are we dying?

Smurf life expectancy (log(days))              
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7.5 years

linear extrapolation

Smurf life expectancy (log(days))              
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Breuil et al., 2026 bioRxiv
Raz et al., 2026 bioRxiv
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Relevance of the model to the human risk of impending death
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Assessing intestinal permeability in human natural death

- ICU patients, Smurfness and ICU scores
Clément Dubost

Réa Bégin

- Scientific council IHA Bégin
- Research division SSA
- IRB (CPP)
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Extending the Smurf assay to public health issues

risks of age-related pathologies?

predicting treatment failure?

helping the curative/palliative 
transition?
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Extending the Smurf assay to public health issues

risks of age-related pathologies?

predicting treatment failure?

helping the curative/palliative 
transition?

Gaille et al., 2020 BMC Medical Ethics
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Research Plateform on the End of Life
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