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Topics for today
• Describe the architecture of chromosomes, genes and DNA

• There is a limit to growth - Hayflick Number

• Telomeres – mechanics of aging cells

• Telomerase – reverse aging and telomeres

• Immune memory is limited

• Inflammation accelerates aging - inflammaging

• Poor lifestyle and disease can accelerate inflammaging

• Your chronological and biological (epigenetic) age are not necessarily the same

• Healthy lifestyle including calorie restriction can decelerate your epigenetic clock



The Biology of Aging – a brief introduction

First, the cell and DNA





Cell division (mitosis)
– the production of two identical daughter calls from one cell



After 40-60 divisions the cell shuts down (senescence) or is programmed to die (apoptosis).



Telomeres



Aging



Telomeres, telomerase and the immune system



Telomerase to the rescue!
– adds back telomerase repeats to the ends of DNA in the cellImmune cells multiply to fight infection – do they reach the Hayflick Limit?



Telomerase to the rescue!
– adds back telomerase repeats to the ends of DNA in the cell



Reverse Aging with 
telomerase

Only certain 
cells have 
telomerase:

Some immune cells 
and other blood 
cells

Cells in the embryo

Stem cells (bone 
marrow)

Cancer cells



Immune memory and aging
- Telomerase can only do so much



Nat Immunol 14, 428–436 
(2013). 

• Immune memory cell can recognise billions of pieces of bacteria, virus, fungi, food, plants etc.

• Each memory cell recognises one piece and moves from naïve to memory once it sees its specific piece

• We can hold a certain number of these cells in our system at any one time

• Chronic inflammation and recurrent infection can expand some memory cells at the expense of others

• This means that our immune memory decreases over time

• Other cells become exhausted, lose their function (senescence) and/or die (apoptosis)



Inflammaging (inflammation + aging)



Source:

Ageing Research 
Reviews
Volume 71, November 
2021, 101422

https://www.sciencedirect.com/science/article/pii/S1568163721001690?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1568163721001690?via%3Dihub
https://www.sciencedirect.com/journal/ageing-research-reviews/vol/71/suppl/C


In the end, the immune system ages like the rest 
of the body

• Eventually, our immune memory reduces significantly due to death 
of specific ells or they lose their function

• Not even telomerase can save us then

• This is one of the reasons why infections can be very dangerous 
after we reach the age of 80 years



Epigenetics and Aging



A definition of epigenetics

• Your genes play an important role in your health, but so do your behaviours and environment. E.g. what you 

eat and physical activity

• Epigenetics is the study of how your behaviours and environment can cause changes that affect the way 

your genes work

• Unlike genetic changes, epigenetic changes are reversible and do not change your DNA sequence

• Epigenetic changes affect gene expression to turn genes on and off. 

Source: www.cdc.gov/genomics/disease/epigenetics.htm



The epigenetic (Horvath) clock

Nature volume 508, pages168–170 (2014)

Watch a Ted Talk video by Prof Horvath here

• Your chronological and biological (epigenetic) age 
are not necessarily the same

• For example, you can be 30 years old but have an 
older biological age

• Your epigenetic age can be measured by looking at 
how and where molecules called methyl groups 
bind to your DNA

• Steven Horvath and colleagues have found that 
these patterns correlate to how long you will live

https://www.nature.com/
https://www.youtube.com/watch?v=LuQKXux8UlE


The epigenetic (Horvath) clock

• Small molecules called methyl groups 
(CH3) attach to DNA in certain patterns

• These patterns can be used to identify 
the age of an organ or a mammal 
(including humans)



The epigenetic (Horvath) clock

Source: Mechanisms of Ageing and Development Volume 174, September 2018, Pages 18-29

Highlights

• The epigenetic clock DNA methylation signature 
can be used as biomarker to predict biological 
age

• Age associated DNA methylation drift is highly 
conserved across mammalian species

• Epigenetic clock acceleration promotes lifestyle 
diseases and mortality risk

• Lifestyle interventions are developed to extend 
healthy lifespan by slowing down the epigenetic 
clock progression

https://www.sciencedirect.com/journal/mechanisms-of-ageing-and-development
https://www.sciencedirect.com/journal/mechanisms-of-ageing-and-development/vol/174/suppl/C


What else can we do to slow the epigenetic clock?





Source: Zhang W, Qu J, Liu GH, Belmonte JCI. The ageing epigenome and its rejuvenation. Nat Rev Mol Cell Biol. 2020 Mar;21(3):137-150. doi: 10.1038/s41580-019-0204-5. Epub 2020 Feb 4. PMID: 32020082.

Calorie restriction -
fasting



Dr Greg Fahy Ted Talk video on reversing aging

Can we use drugs to reverse aging?

Source: Fahy, G. M. et al. Aging Cell https://doi.org/10.1111/acel.13028 (2019).

• Ten healthy men, given a cocktail of human growth hormone (hGH), 
metformin (treats diabetes), and DHEA (Dehydroepiandrosterone is a 
steroid hormone produced by the adrenal gland)

• Self-injected up to 4 times weekly

• Plus 3000 IU of vitamin D3, and 50 mg zinc daily for 1-year

The result?
Lost approximately  2.5 years off the biological age of their blood cells, 
according to an analysis of their epigenome. In other words, their blood 
was on average 2.5 years younger.

https://www.youtube.com/watch?v=PFg-OMHvI2E


Is there anything else we can do?









Future Reading



In summary
• There is a limit to growth - Hayflick Number

• Telomeres – mechanics of aging cells

• Telomerase – reverse aging and telomeres

• Immune memory is limited

• Inflammation accelerates aging - inflammaging

• Poor lifestyle and disease can accelerate inflammaging

• Your chronological and biological (epigenetic) age are not necessarily the same

• Healthy lifestyle including calorie restriction can decelerate your epigenetic clock



Thank You
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