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A general presentation of ageing
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Ageing: a definition
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Ageing: diversity across the tree of life

Jones et al., 2014

-1 x dN
N    dt
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Ageing: a matter of reliability?
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Mathematical modeling of ageing: Gompertz-Makeham

hazard function for the Gompertz-Makeham:
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How is ageing affected by environmental conditions?
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Lifespan, healthspan and life expectancy
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Studying ageing experimentally: a continuous process
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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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▪ Continuous changes

Death
decreasing motor activity

Hallmarks of ageing in a continuous ageing process
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▪ Continuous changes

Death
exponential increase of mortality rates

Hallmarks of ageing in a continuous ageing process
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Theories of ageing: why and how
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Theories of ageing and its evolution: based on age changes
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Theories of ageing and its evolution: primary damages
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Theories of ageing and its evolution: genetic programs
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Theories of ageing and its evolution: species-specific difference
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Allometry and ageing : size matters
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Allometry and ageing : energy dissipation
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Allometry and ageing : reduced oxidative stress? 
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Allometry and ageing : reduced mutation rates?
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Classical model: ageing is a by-product of evolution

Flatt and Partridge, 2018
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Classical model: ageing is a by-product of evolution
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Introduction on ageing: summarizing questions

- are all individuals affected equally?
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Introduction on ageing: summarizing questions

- are all individuals affected equally ?

- is ageing really a by-product of evolution?

- what is hiding behind allometric properties?
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Studying ageing as a two-phase, discontinuous process
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▪ 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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The proportion of Smurfs increases with time…

Rera et al., 2012

Smurfness is an age-dependent phenotype
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… the rate of increase is a function of physiological age

Rera et al., 2012

Smurfness is a « physiological age »-dependent phenotype
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Every individuals turns Smurf prior to death

150

150
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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

Rera et al., 2012

Hallmarks of ageing in the 2-Phase Model 
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Death
loss of mobility

Rera et al., 2012

Hallmarks of ageing in the 2-Phase Model 
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Death
mortality risk

Rera et al., 2012

Hallmarks of ageing in the 2-Phase Model 
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Rera et al., 2012

An age-related phenotype predicting CONSTANT risk of impending death
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Tricoire et Rera, 2015

An age-related phenotype predicting CONSTANT risk of impending death
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Death

Understanding the increase in
age-dependent risks 

Our approach separates chronology and physiology
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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

Flaminia Zane

Zane et al., in preparation

PhD 12/05/22
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Aged non-Smurfs are close to Smurf
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Number of differentially expressed genes

Smurf vs non-Smurfs
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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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Ageing non-Smurf transcriptome accumulates expression noise

Zane et al., in preparation

stdev
mean

20 days old

30 days old

40 days old
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Ageing non-Smurf transcriptome accumulates expression noise

Zane et al., in preparation

stdev
mean

20 days old

30 days old

40 days old

2x
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Changing paradigm
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Changing paradigm
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Is the model evolutionarily relevant?
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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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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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Céline Cansell

Validating the two-phase model in mice

Fanny Bain

under review Cansell et al., 2022
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Stable physiological parameters as a function of time

under review Cansell et al., 2022
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Show a biphasic behaviour as a function of physiological age

Time before death (days)

under review Cansell et al., 2022
Intro TheoriesContinuous process Conclusions I 2phases process Evo conserv Conclusions II 2PAC evo2PAC SmurfsInTheWild Conclusion III

#
#


                      
The 2-Phase Model of Ageing applies to mice

under review Cansell et al., 2022
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The 2-Phase Model of Ageing applies to mice

under review Cansell et al., 2022
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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
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Relevance of the model to the human risk of impending death

Intro TheoriesContinuous process Conclusions I 2phases process Evo conserv Conclusions II 2PAC evo2PAC SmurfsInTheWild Conclusion III

#
#


Relevance of the model to the human risk of impending death

- ICU patients, Smurfness and ICU scores
Clément Dubost

Réa Bégin

- Scientific council IHA Bégin
- Research division SSA
- IRB (CPP)
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An alternative model for ageing : summarizing questions

- are all individuals affected equally ?

- is ageing really a by-product of evolution?

- what is hiding below allometric properties?
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- are all individuals affected equally ?

- is ageing really a by-product of evolution?

- what is hiding below allometric properties?

- can we model survival differently?

An alternative model for ageing : summarizing questions
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A two-phase mathematical model of ageing



Rethinking the mathematical structure of ageing

death

Smurfs = a*t + b Smurf survival  = e-k*t
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Rethinking the mathematical structure of ageing
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A new powerful mathematical model 
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death

Smurfs = a*t + b Smurf survival  = e-k*t

Experimental parameters that are easy to estimate and interpret
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death

Smurfs = a*t + b Smurf survival  = e-k*t

daily failure rate

Experimental parameters that are easy to estimate and interpret
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Effects of the parameter A on 
curves

H. Tricoire, M. Rera 2015

Experimental parameters that are easy to estimate and interpret
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death

Smurfs = a*t + b Smurf survival  = e-k*t

failure tolerance

Experimental parameters that are easy to estimate and interpret
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Effects of the parameter B on curves

H. Tricoire, M. Rera 2015

Experimental parameters that are easy to estimate and interpret
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death

Smurfs = a*t + b Smurf survival  = e-k*t

mortality rate

Experimental parameters that are easy to estimate and interpret
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Effects of the parameter k on curves

H. Tricoire, M. Rera 2015

Experimental parameters that are easy to estimate and interpret
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Improving the model
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Is a two-phase ageing process selected for by evolution?



Classical model: ageing is a by-product of evolution
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Classical model: ageing is a by-product of evolution but…
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Classical model: ageing is a by-product of evolution but…
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Can a two-phase ageing process appear and be selected for?
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Can a two-phase ageing process appear and be selected for?
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Lansing, 1954

unpublished

The Lansing effect
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Proposing a simple birth-death model

Roget et al., 2019Intro TheoriesContinuous process Conclusions I 2phases process Evo conserv Conclusions II 2PAC evo2PAC SmurfsInTheWild Conclusion III

#
#


Reproduction rules
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Reproduction rules : implementing the Lansing effect
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Evolution of the system

Roget et al., 2019; biorxiv Roget et al., 2022
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Evolution of the system : with Lansing effect
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Evolution of the system : without Lansing effect
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Evolution of the system : implications for living organisms
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Evolution of the system : implications for living organisms
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Evolution of the system : implications for living organisms
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Fitness landscape of non-Lansing populations
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Fitness landscape of Lansing populations
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Comparing fitness landscapes
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How to explain this relative success? Ageing increases fitness gradient!
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What’s next?

- make evo2PAC, diploid, sexual

- make 2PAC for real populations

- implement population health prediction based on field assessment of Smurf proportion

- what is the impact of ageing on populations dynamics and evolution?
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