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Webster dictionary: 

Encyclopedia Britannica: 
Aging: progressive physiological changes in an organism that lead to 

senescence, or a decline of biological functions and of the organism’s ability to 
adapt to metabolic stress.

“The viability (survival ability) of a population is characterized in two actuarial 
functions: the survivorship curve and the age-specific death rate, or Gompertz 

function“

What is aging?

age
verb

aged; aging or ageing
Definition of age

intransitive verb

1: to become old : show the effects or the characteristics of increasing age
2: to acquire a desirable quality (such as mellowness or ripeness) by standing undisturbed for 

some time: ”letting cheese age”

https://www.merriam-webster.com/dictionary/verb
https://www.merriam-webster.com/dictionary/intransitive


Why does the probability of death increase in old age?

Because of Age-associated diseases

The example of cancer

What is aging?

Larisa Sheloukhova, Biorender
https://app.biorender.com/community/gallery/s-5edf6cec2e012f00aeabacd1-age-associated-diseases-and-conditions



Cancer incidence by age groups (All cancer, Canada 2006)
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Cancer is an age-associated disease



Cancer incidence by age groups (All cancer, Canada 2013-2015)

Cancer is age-associated

Age is the risk factor #1
Just like other age-associated diseases
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Cancer is an age-associated disease

Antagonistic pleiotropy: What is good for you when you are young, 
is not necessarily good when you are old!
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Mutations

Pre-cancerous cell

Tissue
Microenvironment

Cancer

Senescent cells

DNA damage

Current hypothesis: the convergence of accumulated mutations (DNA 
damage) and dysfunctional aging tissues (senescence) cooperate to promote 
transformed cell growth

Cancer is an age-associated disease
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The Chronology of FACES

1- Cell INTRISIC Tumor suppression (1965) 2005 
2- EXTRINSIC Tissue repair 2008/2014
3- EXTRINSIC Cancer promotion 2001/2016
4- INTRISIC/EXTRINSIC Aging (1965) 2016

5? A Role in Cancer treatment? Observations1998-2002/2010s

Cellular senescence: Hallmarks and functions



Cellular senescence: Functions

- SA proliferation arrest (SAPA)
- Highly depends on Rb/p53
- Induction  - Genotoxic stresses/Hyper-proliferation (DNA DAMAGE)

Cancer suppression: Mutations/Oncogene-induced senescence

DDR/Senescence “barrier”

Cell with 
mutation Hyperplasia Dysplasia

In Situ
Cancer

Invasive
Cancer

Cell IN
TRINSIC
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Baker et al. Nature 2016

FACE 3-4 - Aging & Cancer 2016

Apoptosis Resistance
SAAR



Senescence-manipulation using genetic mouse models

Cell “extrinsic” FACES – emerging tools of 2010s

Cheng & Rodier Cell Cycle 2015



Baker, Nature 2011, 479: 232

FACE 4 - Aging 2011



FACE 2- Tissue Repair 2014
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Senescent cells have cell non-autonomous effects on their 
microenvironment and can promote tissue dysfunction

Baker et al, Nature 2016

Cellular senescence: functions



Cellular senescence: Functions

- SA secretory phenotype/programs (SASP)
- Highly depends on NFKB
- Induction  - Genotoxic stresses (DNA DAMAGE SIGNALS)

Tissue remodeling: Mutations/Oncogene/Cancer-induced senescence

DDR/Senescence “barrier”

“Micro-environment” DDR/Senescence

Cell with 
mutation Hyperplasia Dysplasia

In Situ
Cancer

Invasive
Cancer

Cell EXTRINSIC?



Multiple mechanisms drive aging

The Hallmarks of aging, Cell

Senescence:

Cell pools exhaustion (SAPA)

Extracellular com (SASP)

Genome damage (DNA-SCARS)

Telomere attrition (DNA-SCARS)

Epigenetic alterations (SAHF)

Loss of proteostasis (SAPD)

Deregulated metabolism (MiDAS)



Multiple mechanisms drive aging

Shared by Dr. Campisi



Instead of eliminating senescent cells, 
Why don’t we just eliminate senescence?

FACE4- Aging 2016



Tumor Suppressor 
mechanisms

Aging
Phenotypes

Care-Takers
Prevent DNA 
damage and

Mutations (ATM)

Gate-Keepers
Eliminate/arrest 

damaged or mutant 
cells (p53)

Apoptosis (= cell death)

Senescence (= cell growth arrest)

- Deplete proliferating & stem cell pools 
- Cause tissue atrophy / degeneration

- Deplete proliferating & stem cell pools 
- Cause tissue atrophy / degeneration 
- Cell dysfunction / loss of tissue function

Late life
phenotypes,

including cancer
(antagonistic pleiotropy)

Cancer/disease free 
early in life,

Longevity assurance

Tumor suppression versus longevity



Targeting senescence to impact aging in humans

Adapted From Unity biotech presentation

Senolytics: small molecules that can selectively induce 
programmed cell death (apoptosis) of senescent cellsDr. Campisi:



DDR

DNA
repair/mutations

Transient Cell 
cycle arrest

Apoptosis 
Necroptosis
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Cellular 
Senescence
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signals

Therapy-induced cell fate decisions ( TICFD )

Gonzalez LC et al. Biogerontology 2016

Cancer cells “UNIVERSAL” Initial treatment responses

•Does TIS happen 
during human cancer 
therapy? 



Cellular senescence: Functions

- Can cancer cells still undergo senescence?

DDR/Senescence “barrier”

“Micro-environment” DDR/Senescence

Cell with 
mutation Hyperplasia Dysplasia

In Situ
Cancer

Invasive
Cancer



Cellular senescence: Functions

- Can cancer cells still undergo senescence?
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Cellular senescence: Functions

DDR/Senescence “barrier”

Cell with 
mutation Hyperplasia Dysplasia

In Situ
Cancer

Invasive
Cancer

Chemotherapy
Human PrCa
2008



Cellular senescence: Functions

Cell with 
mutation Hyperplasia Dysplasia

In Situ
Cancer

Invasive
Cancer



Senescence and cancer survivorship

What if cancer survivors were suffering 
‘accelerated aging’?



Senescence and cancer survivorship

What if cancer survivors were suffering 
‘accelerated aging’?

Why and 
how???



Senescence and cancer survivorship



Leukocytes telomere length

Senescence and cancer survivorship



Tests
Labs
Exome-seq.
↓
TREC and SASP?

Senescence and cancer survivorship



qSA-Bs: QUANTITATIVE CELL SENESCENCE-ASSOCIATED BIOMARKERS

Detecting senescence in tissues



Detecting senescence in tissues

Burton et al. Cell. Mol. Life Sci. (2014) 

1- Very complicated

2- Often require complex 
tissue samples preserved 
using specific protocols

- Prevent access to 
retrospective biobanks

- What can we measure in 
simple blood samples?

SASP (proteins)
Cells - Telomere
Cells - RNA

Some solutions?
TREC
VPLEX



Tibila Kientega et Sophie Marcoux, in collaboration with Daniel Sinnett

With exceptional undergrad students:
Jessica Bourbonnais (now PhD) and Jade Montpetit

Detecting senescence in tissues



Immunosenescence and the thymus



Thomas R et al. Immunity and Ageing 2020

Immunosenescence and the thymus

Reduced output of naïve T-Cells reflect:
Thymic senescence, impaired T-cell generation, 
increased T-cell mediated inflammation, impaired 
senescence clearance, INFLAMMAGING



Immunosenescence and the thymus

1- Very complicated
2- Often require complex tissue 
samples preserved using specific 
protocols
- Prevent access to retrospective 

biobanks
- What can we measure in simple 

blood samples?



T-cell receptor excision circles (TRECs) and kappa-
deleting recombination excision circles (KRECs) 

Serana et al. Journal of Translational Medicine 2013 

- Circular, Stable, Persistent, 
diluted by division : markers 
of recent thymic emigrants

- ** can be measure in 
complete frozen blood!



TREC and Immunoage



330,000 Canadians are followed longitudinally 

Alberta’s Tomorrow 
Project

Ontario Health 
Study

Quebec
CARTaGENE

Atlantic PATH

BC Generations 
Project

Manitoba Tomorrow 
Project

29,800

41,374 213,003

43,609

36,003

Recruiting

1 
in every 

100 
Canadians 
participate

DEFINING A FIRST CANADIAN TREC-IMMUNOAGE CURVE



Quantitative TREC measurement

qPCR - TREC-TEST

Or PBMC or gDNA



Going back to the cohort of 
childhood leukemia survivors 
(PETALE): are they suffering 
accelerated aging as 
hypothesized?  



STUDYING SENESCENCE IN THE PETALE COHORT

What can we conclude from the PETALE study 
data?

-↑ ↑ ↑ immunoage gain for everybody
-Typical risk factors for survivorship issues?
-Phenotypic correlations: careful with how frailty or 
‘accelerated aging’ is defined!
-Nothing about adults, solid cancers, impact of cancer 
itself… 



molecular networks in human cancer:



Cancer cells

PARP inhibitors 
(i.e Olaparib)

Cell fate decisions  

High level

Intermediate 
level

Outcomes 

Tumor 
regression

Tumor progression /
Acquired resistance 

Release of PARPi

Combinatory treatment with 
senolytic drugs (i.e ABT-263)

p21, Chk2 

Bcl-XL

Senescence-like 
phenotype

Cell death 

Innate 
resistance

DNA repair synthetic lethality Cell fate synthetic lethality 

No damage

Level of DNA 
damage 

HGSC therapy - the NEXT level: One-Two Punch! 

Fleury*, Malaquin* et al. Nat. Com 2019

Multilayered senescence-centric synthetic lethal 
approaches for cancer therapy 

One-Two
Punch

One-two-three-four….

Block checkpoints
Block repair
Increased damage

Reinforce checkpoints
Senolytic
Senomorphic
Immunotherapy



Therapeutically Targeting Cancer cell TIS:
PARPi & BCL2i synergistically eliminate OvCa cells

EXACTIS TRIAL



FUTURE!

EXACTIS TRIAL

-measure TREC and other qSA-Bs pre-post OvCa treatment
-Compare to control CARTaGENE data 
-Verify the impact of senolytic therapy?



Future!

What should we also look at?

Potential major implications…

1) Screening
2) What else could trigger ‘accelerated 

aging’?



Future!

Screening: for cancers and… other diseases?!
2 examples:



Future!

Could senescence be the mechanism behind 
‘accelerated aging’ and chronic diseases in…
Chronic stress? Poverty? Pollution?... 2 
examples:

Poverty Cancer
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