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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
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The Biology of Aging — a brief introduction
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First, the cell and DNA



From chromosomes to chromatin to histone-wrapped DNA to DNA
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Cell division (mitosis)

— the production of two identical daughter calls from one cell
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Cell division
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TIMELINE

Hayflick, his limit, and cellular ageing

Jerry W. Shay and Woodring E. Wright

Almost 40 years ago, Leonard Hayflick
discovered that cultured normal human cells
have limited capacity to divide, after which
they become senescent — a phenomenon
now known as the ‘Hayflick limit’. Hayflick’s
findings were strongly challenged at the
time, and continue to be questioned in a few
circles, but his achievements have enabled
others to make considerable progress
towards understanding and manipulating the
molecular mechanisms of ageing.

To set Hayflick’s discoveries in context, we
need to go back to 1881 (TIMELINE, overleaf),
when the German biologist August
Weismann' speculated that “death takes place
because a worn-out tissue cannot forever
renew itself, and because a capacity for
increase by means of cell division is not ever-
lasting but finite”. This concept, which was
almost entirely forgotten by the time Hayflick
began his work, was later challenged by the
French Nobel-prize-winning surgeon Alexis
Carrel, who suggested that all cells explanted

in culture are immortal, and that the lack of
continuous cell replication was due to igno-
rance on how best to cultivate the cells.
Carrel’s view was based on his and Albert
Ebeling’s work, done at the Rockefeller
Institute in New York City, in which they
claimed that chick heart fibroblasts grew con-

Figure 1 | Leonard Hayflick in 1988.
(Photograph: Peter Argentine.)

Cell division

www.nature.com/reviews/molcellbio

The Hayflick Limit

By: Zane Bartlett
Published: 20714-11-14
Keywords: Alexey Olovnikov

The Hayflick Limit is a concept that helps to explain the mechanisms behind cellular aging.

The concept states that a normal human cell can only replicate and divide forty to sixty
times before it cannot divide anymore, and will break down by programmed cell death or
apoptosis. The concept of the Hayflick Limit revised Alexis Carrel's earlier theory, which
stated that cells can replicate themselves infinitely. Leonard Hayflick developed the
concept while at the Wistar Institute in Philadelphia, Pennsylvania, in 1965. In his 1974
book Intrinsic Mutagenesis, Frank Macfarlane Burnet named the concept after Hayflick.
The concept of the Hayflick Limit helped scientists study the effects of cellular aging on
human populations from embryonic development to death, including the discovery of the
effects of shortening repetitive sequences of DNA, called telomeres, on the ends of
chromosomes. Elizabeth Blackburn, Jack Szostak and Carol Greider received the Nobel
Prize in Physiology or Medicine in 2009 for their work on genetic structures related to the
Hayflick Limit.

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

{Telomerel Telomeres shorten, and cell division stops

Telomeres
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From chromosomes to chromatin to histone-wrapped DNA to DNA

Cell division Cell death
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Immune cells multiply to fight ir



— adds back telomerase repeats to ends of DNA in the cell



Reverse Aging with aamm OV certain
> I cells have
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.. .. telomerase — telomerase:

Some immune cells
and other blood
cells

Cells in the embryo

Stem cells (bone
marrow)

Cancer cells
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From: Understanding immunosenescence to improve responses to vaccines  ngt Jmmunol 14, 428—436

(2013).
20-30 years 60-75 years >75 years

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

e Each memory cell recognises one piece and moves from naive to memory once it sees its specific piece
 We can hold a certain number of these cells in our system at any one time

e 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)
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Source:
Antigenic load Lifestyle, "tpyigf]enic Ioatld
Pro-inflammatory mediators nutrition, ant-inflammatory Ageing Research
(IL-6, CRP, TNF-q, IL-8), chysical activity, mediators (TGF-B, IL-10, "
coagulation factors, mtDNA, gut microbiota IL1Ra), Volume 71 N .
agalactosyl N-glycans, ~hormones (cortisol), olume /1, November
eicosanoids, inflammaMIRs, bi-galactosylated N-glycans, 2021, 101422
risk alleles l protective alleles

No remodeling an
immune adaptation

&
/ Remodeling and
immune adaptation
. =

Age-related diseases/disabilities ﬁ -~ @ Successfull Aging/Longevity

Physiological éging RCI
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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

e 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



"3' ] Q_:
e

BN

. ‘i«' .

8
.(" '

UNIVERSITY
OF MEDICINE
AND HEALTH

SCIENCES




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

The clock-
watcher

U athe: n Steve Horvath has dis reda
k ;.,l le\\u\ to measure hunum ugeing

’ J l epigenetic signatures
BY W. WAYT GIBBS
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Nature volume 508, pages168—170 (2014)

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

Watch a Ted Talk video by Prof Horvath here


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

The epigenetic (Horvath) clock

EPIGENETIC MECHANISMS

CHROMOSOME

CHROMATIN
HISTONE
. hist tail
= \ \/
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- A Acetylation
Methyl group epigenetic factors
(epigenetic factors) @‘ (et !

/) DNA accessible,
e

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

All-cause mortality
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Cumulative lifetime stress
*  Childhood violence

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
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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?



EPIGENETIC MECHANISMS
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CHROMATIN
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Calorie restriction -
fasting

The ageing epigenome and
its rejuvenation

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.



Can we use drugs to reverse aging?

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

A
"

.o

=

-n

—

i o

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

—— ?
Trial hints at age- The result:

CIOCk reversal Lost approximately 2.5 years off the biological age of their blood cells,

Inasmalltrial, a drug cocktail seemingly rolled back the according to an analysis of their epigenome. In other words, their blood
epigenetic clock, which tracks a person’s biological age.
was on average 2.5 years younger.

l iij!'

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

Dr Greg Fahy Ted Talk video on reversing aging



https://www.youtube.com/watch?v=PFg-OMHvI2E
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Blue zones are regions where a higher than usual number of
people live much longer than average.
There are five blue zone areas in the world.
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retiverveloy - Summary of whole person health

[f you want to live to be a healthy and happy 100 year old:

« “Eat food. Not too much. Mostly plants.” - Michael Pollen (food author & journalist)
* Look after your gut

 Move naturally - household chores can be viewed as exercise

« Value your family and your community as equally as food and exercise

* Cultivate meaning and purpose, plus creativity in your life
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Future Reading

| PERSONAL BLUE ZONE GUIDELINES INSIDE

“A must-read if you want to stay young!" ‘
~0R. MEHMET €. 02

Blie  NESYHEy
- Zones

SECOND E

ANEw Yoms Towes BEST-SERLING AUTHOR

IKIGAI

9 LESSONS FOR
The Japanese Secret - — = LIVING LONGER
to a Long and Happy Life A l’»]ucpri:n tora Bertter Lite from the people who've

..  voow lived the longest

D an Buettner DAN BUETTNER

HECTOR GARCIA AND FRANCESC MIRALLES
Avikaor af Thelwn

Bestselling authors of THE BOOK OF ICHIGO ICHIE
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* 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
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