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Ageing from a biological perspective....

* When ageing occurs in life, and why?
* What happens during ageing?
* What Is the molecular basis of ageing?

* Ageing interventions: nutritional hormetins
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Three types of lifespan 3.
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DESERVE A GOOD LIFE TOO!



Three types of lifespan
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Biologically, ageing
happens during the
period of survival
beyond
essential lifespan
(ELS)




Describing the biological changes during

ageing
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° Species/populations bacteria, fungi, plants, insects, worms, fish, bird,
mammals

* Individuals, fruitflies, nematodes, rats, mice, monkeys, humans

*  Systems digestive, immune, nervous, cardiovascular, endocrine, reproductive,
skeletal..

 Organs and tissues brain, heart, liver, lungs, skin, kidney,
« Cells fibroblasts, keratinocytes, epithelial cells, osteoblasts, T cells, glial cells

° Organelles nucleus, mitochondria, lysosomes, endoplasmic reticulum,
ribosomes

 Macromolecules pNa, RNA, proteins, carbohydrates, lipids



Age-related changes in the digestive system

* Decreased taste and smell: slight decrease as measured by
the number and neural activity of taste buds, olfactory bulb; olfactory
receptor threshold slightly increased

* Loss of teeth
» Decreased production of saliva

* Persistent infection with Helicobacter pylori — atrophic gastritis

* Reduced digestion and absorption
* Reduced kidney function and bowel movement

 Anorexia
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Figure 1. The factors involved 1n the etiology of anorexia of aging

Aging and Disease Volume 4, Number 5; 264-275, October 2013
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Anorexia of Aging and Gut Hormones
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Ageing occurs at all levels of biological
organisation, but differently...

Normal Artrisl Lumen Moderate Atherosclerotic
Narrowing of Areria Lumen

Normal brain Aizheimer's brain

Pet scans (glucose utilization)

Figure 1. Quantitative-FISH analysis of individual telomeres. Representative images of HCA2 cells at PDIS (A) and PD6S (B) demonstrate variable telomere
lengths and heterogeneous accumulation of short telomeres prior to replicative senescence.




Are we programmed
to age and die?




NO, we are not programmed
to age and die.

There are no gerontogenes
whose sole function is to
cause ageing and eventual
death.

Genes determine ELS
(longevity-assurance genes ),

and the ageing phenotype of an individual —
(virtual gerontogenes)
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- Evolutionary neglect

* Genetic dustbin

* Mutation accumulation
* Antagonistic pleiotropy

* Disposable soma




The paradox of life...

Basis of life and death

 Oxygen metabolites

 Nutritional metabolites

« Biochemical infidelity Biological C

* DNA, RNA repair
* Protein repair

* Molecular turnover
* Anti-oxidants

* Cell, tissue and organ repair
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Characteristics of the homeodynamic space

and

HEALTH

Stress response Damage control

Continuous remodelling
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Ageing is the shrinkage of the homeodynamic space




Shrinkage of the homeodynamic space is mainly due to the
accumulation of molecular damage

DNA damage

mutations, epimutations, base modifications, strand breaks...

RNA damage

base modifications, miscoding, missplicing...

Protein damage

Amino acid modifications, misincorporations, misfolding...

Other macromolecular damage

Lipid-protein conjugates, advanced glycation endproducts (AGE)...




From here to where...

Questions that need to be answered...

What is the relevance and significance of different
types and levels of molecular damage in
physiological terms?




Questions that need to be answered...

What is the nature of young and old, & healthy and
diseased networks and profiles.




Ageing interventions can be:

1. Wishful thinking and miracles

2. Piecemeal remedies and replenishments




8 February 2002

Piecemeal remedies

Vol. 295 No. 5557
Pages 917-1180 $9

Better material organs

Partial or complete serial
replacement.

Stem cell
therapies
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Replenishment and supplementation

Cosmetics andosmeceuticals

A\~ 4

. Vitamins

. Hormones

. Bio-extracts/spices

. Natural and synthetic antioxidants

. Dietary habits — Mediterranean food,
vegetarian food; dietary restriction
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Ageing is the reduced ability to tolerate stress and adapt




Relationship between STRESS and HEALTH
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Hormesis

* Biphasic dose response
» U-shaped response
* Inverted-U shape response
« Adaptive response
« Compensatory response

Hormetics

the science and study of
hormesis
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Strengthening the homeodynamics by mild stress-induced HORMESIS
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A deliberate challenging of
homeodynamics
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will transiently
stimulate compensatory,
adaptive, and reparative
processes.




In our labs (since 1998):
Improving cellular functionality by hormesis

 Ageing and health-span in human cells. ibroblasts,

keratinocytes, endothelial cells, osteoblasts, bone marrow stem cells

* Wound healing and migration in human cells.

¢ D|fferent|at|0n |n human CE”S (keratinocytes, bone marrow stem

cells).

=
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* Angiogenesis. (endothelial cells)

Homeodynamics




10% lifespan completed 50% lifespan completed 95% lifespan completed

Control

41° C

42° C

Mild heat stress slows down ageing of human skin fibroblasts —
41°C, 1 hr, two-times a week




Short term hormesis by physical and nutritional hormetins

Improved wound healing by human skin
fibroblasts. (heat, glyoxal, curcumin)

Improved differentiation of human
keratinocytes (heat, kinetin)

Improved osteoblastic differentiation in
telomerase immortalized human bone
marrow stem cells. (heat, mechanical stress)

Enhanced angiogenesis by human
vascular endothelial cells. (heay




Conditions that bring about hormesis by first causing low levels of

stress/damage are: H O RM ETI NS

* Physical hormetins

e Psychological hormetins

®* Nutritional hormetins




Nutritional polyphenols and flavonoids: hormetins or anti-oxidants?

OH
o N
OH

Curcumin in oH Fisetin in
turmeric o strawberries, apple,
onion...
E::IOH
OH

Catechin in cocoa,

Quercetin in citrus,
kola nut, peaches...

buckwheat, onions...

oH 0
HO l o] ‘ N
Kaempferol in tea, OH Resveratrol in red
OH O

broccoli, cabbage, grapes, Japanese

kale, beans, knotweed..
grapes...




Main cellular stress responses

2. Autophaglc response
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7. Unfolded protein response




STRESS RESPONSES

Table 1: Molecular stress response pathways, and their stressors and effectors involved

in the immediate and late responses.

Response
name

Heat shock
response

(HSR)

Oxadative
stress response

(OSR)

MNutritional
stress response

(INSR)

Energy siress
response
(ESE) or
sirtiein
response
DNA-damage
response

(DDR)

Unfolded
protein
response
{LUUPE) or
endoplasmiic
reticulum
(ER) stress
response
Inflammatory
siress response
(ISE)

Stressors

Heat, heawvy
metals,
antibiotics._
denatured
proteins

Free radicals_
reactive oxygen
species (ROS),
pro-oxidants, low
levels of oxvgen
Food limitation.,
hyvpoxia,
damaged
organclles
Energy depletion

Radiation,
oxidants, free
radicals, FOS

Unfolded and
misfolded
protemns 1in ER

Pathogens.
allergens.
damaged
macromolecules

Immediate response

Homotrimmerization

of HSF 1. nuclear
translocation and binding to
HSE seguences in
promoters of HSP genes._
Translocation of INrf?
FOXO or HIF1 to the
muclews.

Induction of auntophagwv:
altered LC3-T and LC3-11_
formation of
autophagosomes
Enhanced INAD+
concentration

Recrmmitment of ATH (via
MEIN complex) to double-
strand breaks and ATRIP
(via ATEITP) to single-
stranded DN A regions.
Cleavage of ATF-0o and
binding to ERSE sequences
in promoters of ER
chaperones genes.

Activation of STATs by
tyrosine phosphorvlation

Late response

Induction of
transcription
and translation
of HSP

Heme
OXYoenase
(HO-1). VEGF.
1-INOS

Increased
number of
lysosomes

Sirtuins protein
level: altered
NAD+HINADH
ratio

Increased levels
of checkpoint
proteins p33,
pl6. p21,
mortalin
Swvnthesis of
ER stress
chaperones

Increased level
of NF-«B and
inflammmatory
mterlenkins

Effector
molecules
Chaperones,_
cochaperones,
proteasomme
and other
proteases
HO-1, FOXO

Lyvsosomal
proteases

Sirtuins

DN A -repair
enFymes

Chaperones
and co-
chaperones

Cwvtokines_
nitric oxide
synthase.
COX-2




Test material

Cell type-specific functional assays

- Fibroblasts — motility, wound healing
- Keratinocytes — differentiation

- Endothelial cells — angiogenesis

- Osteoblasts — osteocalcin, matrix

- Myocytes — muscle fibers

- Meuronal cells — dendrife, synapses
- Stem cells — differentiation

Review

EXPERT Rationale and methods of

discovering hormetins as drugs
OPINION for healthy ageing

1. Introduction

bbbl ety % :‘:‘:‘?:"amk‘ Sising snd Zl:-':\hlv‘E.,;\nl\{.;-“;:pmmw" of Molecular Biology and Genesics, Laborawry of Cellular Ageing,
Aarhus C, Denmark
. F‘hlﬂb"ﬂ.mﬁ 3. Hommetics, hormesis and
- Keratinocytes
- Endothelial cells
- Ostecblasts
: mngsnels Early stress responses
. Stem colls - Heat shock response — HSFI activation
- Oxidative stress response — Nf2 activation
- Autophagic response — LC3 | and I ratio
- Unfolded protein response — ATF activation
- Energy depletion response — NAD+NADH ratio
- Inflammatory response — MFxB activation
- DMA damage response — A TRIP activation
Prospective
hormetin for
tlst:f:,n:r:;n, Late stress response effectors
and organismal - Heat shock response — HSPs

level - Oxidative stress response — HO-1, antioxidants
- Autophagic response — Lysosomal activity
- Unfolded protein response — Chaperonss
- Energy depletion response — Sirtuing
- Inflammatory response — Cylokines and inferleukins
- DMA damage response — Ceall cyole check poinits

Potential
hormetin
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