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Aging

Aging is commonly characterized as a
progressive, generalized impairment of
function, resulting in an increasing
vulnerability to environmental challenge
and a growing risk of disease and death. It
is also usually accompanied by a decline
in fertility. Thus, aging is associated with
major age-related losses in Darwinian
fitness, posing the puzzle of why it has not
been more effectively opposed by natural
selection.

"It is remarkable that after a seemingly
miraculous feat of morphogenesis, a
complex metazoan should be unable to
perform the much simpler task of merely
maintaining what is already

formed" (Williams, 1957)

How long shall we live?
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& US Census Bureau Middle Series: life expectancy in 2050 will be ~82
years for both sexes in the US

¢ US Social Security Administration: life expectancy of 78.1, 80.4 and
83.5 years for both sexes in 2066 on three alternative assumptions

¢ G7 Industrialized Countries: life expectancy in 2050 with a maximum of
90.9 in Japan and a minimum of 82.9 years in USA

Shall we live forever?

Maximum life span for the human species (unchanged
in the last 100,000 years): 125 years

The longest-lived human being is Jeanne Calment (122.5 years), died in France,
in August 1997

Maximum life span in other species:

Rat: 3 years
Squirrel: 25 years
Sheep: 12 years
Turtle: 150 years
Dog: 15-30 years

In animal studies, maximum life span is often
taken to be the mean life span of the most long-
lived 10% of a given cohort. By another
definition, however, maximum life span
corresponds to the age at which the oldest
known member of a species or experimental
group has died. Calculation of the maximum life
span in the latter sense depends upon initial

F|y 3 months sample size.
Canary 15 years EXISTENCE OF A
Bat 50 years BIOLOGICAL CLOCK?

Why do we age”?
Final part of the developmental program
(aging selected because provides advantage to the species?)

How do we age?

Exhaustion of the proliferative or
functional capacity of all or some th =
somatic cells (eg. in stem cells?)
Changes in biochemical composition
of tissues (increased adipose tissue,
lipofuscin deposit, increased ECM >
component cross-linking, increased Wy &
glycation products)

selfish
gene

Age-related diseases are degenerative in
nature and compressed at the end of our life
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MORE YEARS OF WHAT?
In Europe, men and women are living longer. They are also spending more
years with chronic conditions such as diabetes, cancer and Alzheimer's disease.
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Theories of Aging =
Somatic mutation theory or Loose cannon theory or Free @
radical theory of aging. Damage produced by free radicals,

glucose, or other agents slowly disrupt cellular

macromolecules. This causes an age-related increase in ut*
somatic mutation and other forms of DNA damage

Telomere loss theory. A decline in cellular division capacity
with age linked to the progressive shortening of telomeres as
cells divide
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Cell 153, June 6, 2013 ©2013 Elsevier Inc.

Mitochondrial theory. Accumulation of mitochondrial DNA
mutations with age

Altered proteins theory and waste accumulation theory.
Accumulation over time of damaged proteins (e.g. Alzheimer's
disease, Parkinson's disease, cataract, etc.). Linked to 5

Error catastrophe theory. Errors in DNA transcription
functional declines of proteasomes and chaperones

or RNA translation eventually lead to genetic errors that
Antagonistic pleiotropic theory. Pleiotropic genes exist having promote senescence
opposite effects on fitness at different ages: they are beneficial
in early life, when natural selection is strong, but harmful at later
ages, when selection is weal

]

Master clock theory. Aging is under genetic control
(gene that controls telomere shortening? or cell
division? or DNA repair?

Mutation accumulation theory. Since late-acting alleles,
arising by de novo germiine mutation, are not efficiently
selected by natural selection, over successive generations they
accumulate within the genome.

Disposable soma theory. Since the metabolic
resources of an organism are limited (chiefly: energy),
the organism should optimally allocate them between
the maintenance and repair of its soma and the other
functions that it must carry out in order to maximise its

Rate of living theory. Metabolic rate is inversely correlated with
Darwinian fitness (growth, reproduction,...)

longevity. Smaller mammals tend to have high metabolic rates
and thus tend to die at an earlier age than larger mammals

N

Combined network theories of aging. Multiplicity of
Weak link theory. A specific physiologic system (e.g. the aging mechanisms (e.g.: a gradual accumulation of
neuroendocrine or the immune system) is particularly mIDNA mutations might lead to a steady increase in the
vulnerable over time and its dysfunction accelerates production of ROS and a gradual decline in energy
senescence of the whole organism production
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Mitochondria Structural Fastures

We use oxygen to
generate energy!

Complox I Complex Il Complex i Complex IV omplex V.
NADH Succinate Ubiquinol Cytochrome C ATP synthase
dehydrogenase dehydrogenase cytochrome oxidase
oxidoreductase
47 Subunits 4 Subunits 11 Suburits 13 Suburits 17 Suburits
7 1 3mDNAIODNA  2mIDNA/1S nDNA

Oxidative phosphorylation:

The metabolic pathway in mitochondria in
which energy released by the oxidation of
nutrients is used to reform ATP

red: mitochondria

In a cardiomyocyte, the are ~ 10,000 mitochondria, which occupy
~30% of the cytoplasm

Reactive oxygen species (ROS)
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The "free radical theory of aging"
(Harman, 1956)

Aging and its associated degenerative diseases
can be attributed to deleterious effects of free
radicals on various cell components

Now better called "Oxidative stress theory of
aging" (many ROS are not free radicals)

Mitochondria are the main source of ROS
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Mitochondrial mutations and aging

¥ The mutation rate in mitochondria is 10-20 times faster than the
nuclear DNA mutation rate

¢ Specific mutations in mitochondria could lead to defects in
energy production and production of ROS by faulty electron
transport

< Age-dependent declines in mitochondrial function are seen
in many species including humans

< Inherited mitochondrial DNA variants are associated with
aging and longevity (the J haplogroup is more represented in
centenarians in Northern Italy than in younger subjects)

< Knock-in mice expressing a proof-reading deficient form of a
nuclear-encoded mitochondrial DNA polymerase exhibit an
increased mitochondrial mutation rate, appearance of a number
of age-related phenotypes - including hair loss, kyphosis, and
reduced fertility -, and shortened life span

stress and aging Q
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isp-1 mutants are long-lived (missense mutation in a
component of complex Ill of the respiratory chain in
mitochondria)

C. elegans mutants, oxidative i \)

A systematic RNAi screen sought to inactivate over 5600
random C. elegans genes screening for long-lived animals:
~15% of the identified genes regulate mitochondrial activity

mev-1 mutants (mutation in a subunit of complex I) have
increased ROS generation and are short lived; mice
heterozygous for mitochondrial SOD2: increased incidence
of nuclear DNA damage and tumor formation

clk-1 mutants are long-lived (lack an enzyme required in
the biosynthesis of ubiquinone (coenzyme Q), an electron
acceptor for both complex | and Il-dependent respiration -
NB: although coenzyme Q is sold as a life-extending anti-oxidant, its
withdrawal from the diet of wt worms increases life span by 60%!!!

You can live longer if you
have mutations that makes
the mitochondrion less
functional and thus able to
generate lower amount of
ROS

Indy (I'm not dead yet): 50% increase in life span. Indy encodes a
protein with sequence homology to mammalian sodium
dicarbocylate cotransporters, which import Krebs cycle
intermediates into cells. Indy is expressed in the midgut and the
fat body, the fly functional equivalent of mammalian liver and
white adipose tissue. i i

similar to that found in dietary restriction.

Mth (methuselah): 25% increase in life span. Family of the
seven transmembrane spanning GTP-binding protein-
coupled receptors (GPRC). The cognate ligand is the
product of the stunted gene, encoding for a subunit of the
F,Fo-ATP synthase of the electron transport chain (!)

== (Oxidants and antioxidant

therapies in aging
Box 1 Table Oxi i ageing
Disease system _Laboratory/animal studies Clinical data
Pre ROSH PHS I no overall benefi of beta. carotene on GVD? Beneiit i high-risk
subgroup™
int development of
GHAC i 2
Disruption of SOD leatis to heart fallre™ and overexpression protects
againstinjury® ATBO study: 0n CVD rate wi b
Increase in GVD deaths with beta-caroten'”
S Cispring of 7 ST i i macuar

vitamin E and mulvitarmins ™
Retinal pigments produce ROS after light exposure™

Aor

Nerological Mitations in SOD1 resuit in hurman ALS ™ and
models rescued by antioxidants™

Vitamin E benefiialin Alzheimer's disease™
NMDA-receptor stimulation produces superoxide”™

N-acetyloysteine does not effect survival in ALS
Defectsin i 1 seenin

b
1, Physicians' Hoallh Study ; CHAOS, Carmbricige Hoart Antioxidant Study; ATBC, Alpha Tocopherol, Bata: Garoleno Cancer Provention Study; NHS, Nurses”
Health Slucy; GVD, cardiovascular disease; ALS,  N-methyl-o

In humans, meta-analysis of randomized controlled trials
showed that selenium and vitamin C have no effect while
standard antioxidant supplementation (vitamins A and E and
beta-carotene) actually increases mortality

BIOMEDICAL RESEARCH

Antioxidants Could Spur Tumors by Acting on Cancer Gene
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ROS cannot be all...

Various evidences go against the ROS theory of aging

Potential targets for ROS in aging
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High oxidative damage levels in the longest-living
rodent, the naked mole-rat
cytosolic stress
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Animal cloning is possible

Germ cells are immortal

Why do not they age? Do they have special
mechanisms to protect themselves from ROS?

The DNA Damage Response: Aging: the price for tumor
senescence, checkpoints, cell proliferation Suppression?
and cancer

DNA damage a Celuiar evel Cellular senescence might have evolved as a

Radiaton e Tetomere loss mechanism of tumor suppression. Therefore,
ENNENEENEEEENNRENEEERNRENEREEEE S'JJJ“@ ageing would be an antagonistically
pleiotropic manifestation of evolutionary
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Double stranded DNA break repair
by non-homologous end-joining

DsB
DNA-PK
a End binding B0/KUTO
KUBO/KU7!
heterodimer

b End processing l N @

... but turtles can live up to 150 years
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Figure 5 | Double-stranded break repair by non-homologous end-joining. a | After double E@ @z

stranded break (DSB) formation, the KU-DNAPK . complex is probably involved in the initial
recognition o the DSB and n th fxtaposion of the DNA ends. b | The ends might be rocesed, | jqation
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intrinsically error prone. (DNA-PK c,catalytic subunit DNA-cependent protein kinase; XRCC4, X-ray-
efective repalr i mutant 4; MRE11, meiotic
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recombination 117 NBS1, Nimegen breakage syndrome 1. Mm

... do they form more tumors than other species? van Gent, DC, et al. (2001). Nat Rev Genet 2, 196-206.




s d Nucleoprotein-
) flament E T oo
3

formation

a DsB
search and

joint molecule

T e
b ATM activation Y i

S f DNA -
* synthesis

* + DNA polymerases

B3
@REH :D@ * + DNAligase

Resolvases

g Completion

repair

© Nucleolytic 5
processing

XRCC2
+ BRCA1 XACCS
BRoA2 RADSTB
RAD51C

RAD51D

van Gent, DC, et al. (2001). Nat Rev Genet 2, 196-206.

Human progeroid
syndromes

Table 1 Genetic instability syndromes

Disease* oMMt Gene Function Major phenotypes

Wermer syndrome 377,700 AN (et 6 Fieicase exonuciease . Skin air

Rathmund- Thomson syndrome. 268,400 RecaA (el 50) Fiéicase

clion, Sensilivty 10 lorizing radiation, cance

Wi retardation. Immunodenciency, cancer pradispostion:
adiation!

Werner syndrome is genetic recessive disorder. It is a type of
progeria disease that occurs in adults ages twenty to thirty.
People who are affected start to age rapidly beginning in their
twenties and thirties and look as though they are twenty or more
years older that what they actually are. Along with looking older
patients develop other types of diseases and disorders that
occur with normal aging. Werner's strikes about three in every 1
million people worldwide, although it is slightly more common in
Japan
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TABLE 1. Selected Alterations in Cell
Phenotype with the Onset of Senescence

Cellular senescence o

in senescence® Cell type Ref.
¢ Normal human cells have a limited P M 116688
ability to proliferate in vitro (Hayflick, :e:sso:cy;sA :y‘;:as::'“”“ 666’:7
& Growth potential of a primary cell Elvaisdoalogonase Fiobists “
declines 0.2 population doublings per ~ f=«™"2  Fygess om0
year of life Elovated PAL1 P, ool 4
) Tanscpianropes. Firabiass 4
< Correlation between the number of sion of IGF-1
senescent cells in vivo and age of e ey, orblests ”
pendent membrane
donor . .
¢ Cells from progeria syndrome patients  paressed s oxpres- Firobiasts 7
have limited doubling potential Somesconcosssos  Fircbass kratno: 22
sted paiecionkiase | cyten, mamimary opk
¢ Association with several molecular thelia) cells endothe-
changes Inductonof SAG gene. Fivabiame 7
Ropression of 17achy.  Adrenocortcal coll I
< Overexpression of telomerase oot o Firoblasts 7
overcomes senescence; hrome band NADH
overexpression of ras induces Elevatad o Sexpres:  Flbrobizsts m
senescence

“TIMP-2, tissue inhibitor of metalloprotein 2; PAI-1, plasminogen
actvator inhibior 1; 1GF-1,insulin-lke growth factor 1 IL, interleukin

Senescent cells accumulate with age and
contribute to age-related disease

Local clearance of senescent cells attenuates the
development of post-traumatic osteoarthritis and creates
a pro-regenerative environment

Ok Hee Jeon'$, Chaekyu Kim'2, Remi-Martin Laberge**, Marco Demaria*>®, Sona Rathod',

Alain P Vasserot’, Jae Wook Chung!, Do Hun Kim', Yan Poon*, Nathaniel David*, Darren J Baker®,
Jan M van Deursen®, Judith Campisi®7 & Jennifer H Elisseeff!

s with age an conrbuteto ga-elted pathlogies'2, NATURE MEDICINE VOLUME 23 | NUMBER 6 JUNE 2077
presumably hrough thel screton offactors contibuting fo the

senescence-asociated secretory pherotype (SASP)* . Remoal

of SCs dolaysseveralpathologies” and increaseshealthy

Hisue soate from patients unerging ont repacement
surgey! -1, yet their role indiease pathogenesis s unknown,

Toet the i tht s migh lay acaustv ol n O, Clearance of senescent glial cells prevents
L (Calin2s) promate rving theexresin of  usin tau-dependent pathology and cognitive decline

ved fluorescent potein domains, a5 well s 3 tuncated fom of Tyler 1 Bussian', Asef iz, Charlon F Meyer”, Barbars L Swensor, Jan M. van Deursen! & Darren . k2

prteins. Calectvely these findings suppor he use of SnCs as

2 therapeutc taget for teaing degeneratv it diseas. 2018 Springer Nature Liited. Al ghts eserved.

Senolytic drugs contrast aging
phenotypes

O Normal cells
© Senescent colls

¢ Senolytic drugs: drugs %
that preferentially kill ATy
senescent cells

Young tissue

it of
S In old mice, or mice conescomcas Agng
‘aged’ with senescent - B
cells, as senolytic drugs ey
(dasatinib and ¢ )
quercetin) increase B T e
remaining lifespan by O issue

36%, enhance
healthspan, reduce frailty

and delay age-related ) l l

Rejuvenated tissue

Senolytics

Senolytics improve physical function and increase lifespan in old age, Nature Medicine, August 2018




High throughput screening to identify microRNAs High throughput screening identifies microRNAs
bypassing cellular senescence bypassing cellular senescence

8 miRNAs = 3-fold proliferation increase

879 human miRNA mimics 31 MIRNAS > 2-fold proliferation increase

- = Day .
s | 0 add transfection reagent -
i ; " add senescent population of WI-38 fibroblasts ¥
i : <
= i Replicatively senescent: 3
S 2
3 add EdU 2 50 % SA-betaGal posicive g ol
<10 % proliferation =
4 £
i ) =
\ cell fixation and fluorescence staining 2
.\ * Hoechst p2| EdU 0ol
0.001 442 miRNAs > 3-fold proliferation decrease
Nadja Ring ]
Screening results: top hits Telomeres are shortened during cellular
control miRNA miR-1227 miR-1265 miR-639 miR-515-3p Sen escence
Hoechst Vertebrate telomeres are
long stretches (1-50 kb)
of dsDNA containing the
repetitive sequence
p21 TTAGGG, which

terminate in 100-200
bases of ss TTAGGG at
the 8’ end.

This 3’ overhang circles
back end embed in the
duplex DNA

Chromosome

miR-423-5p miR-663 miR-1202 miR-339-3) miR-302d
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The extended telomeric cap helps
maintain the stability of the genome

Three Scientists Win Nobel Prize in Medicine
1 Their work involved the health of cells and the aging process. Transcript of
Telomeres uncapping causes a DNA elomeres
06 Gctober 2009
d am a e res O n Se This is the VOA Special English Health Report.
g p L Three scientists based in the United States have won the two
In normal human cells, at every replication thousand nine Nobel Prize for Physiology or Medicine. They are
. . being honored for their work in the nineteen eighties about the
cycle the telomere looses its terminal part health of cells and the aging process.
telomere | DNA damage oxidative stress and gets shortened The winners are Elizabeth
uncapping \Y\ g Blackburn from the University of
Senescent telomeres - P A . Saooak rom Harvrd il
. [ School in Massachusetts and Carol
lose some of their Greider from Johns Hopkins
. . University in Maryland. They will
single-stranded portion share the one million four hundred
1he telOme”C ars thousand dollar prize.
. . T DNA The scientists' work begins with =
overhang - which is B I ; (Human: 40 Kb; Mouso: ~40 Kb) telomeres. These are like protective Elizsbeth Blackburn, let, and
ial for th ATMUATR -, % ¥ coverings on the ends of
rcr:;icnlﬁeng:lceeof the T - plos=r P16 - ;’fi"%fﬁﬂiff&“ﬁ'ﬂ?‘ compares them to the plastic tips on the ends of shoelaces. She
- T MR RADSD, Mg, says without telomeres the chromosome and the genes it holds
| d th MRES, Kuoh, DR o1 would come apart.
OOp an S Telonisrise: N\ Telomeres are necessary for a cell to divide. They also are involved
subsequent formation 40 pat @ ) f rreousEmEce |\ in directing the number of divisions.
e B High e/ Genomic stabillty Mizz Blackburn and Mister Szostak
of the cap \ HA S Contnved rliaatveespan discovered the special system of genetic
- information in the telomeres that protects
\ H e Formmeometen | the chromosomes from ruin. Later, Mizz
\ & ‘absent | Genonic instailty Blackburn and Mizz Greider discovered the
4 o Pl el substance in the body that builds
senescence popie? telomeres. The scientists named the
< Age or Number of cell divisions. enzyme telomerase.
. . . f . . N - Jack Szostak Their research showed that cells age if
Telomere uncapping (disruption of the proper structure of the protective cap) Cells age if telomeres are shortened but telomeres are shortened. But, cell death is
"\ . . N N . delayed if a ot of the enzyme telomerase is produced.
seems to be recognised as a dsDNA break, activating the DNA damage senescence is delayed if the telomerase is
N Rune Toftgard is a Nobel Committee member from Sweden's
machinery. produced and telomeres can be restored Karolinska Institute. He says the work of telomeres is important to
the understanding of how genetic material is copied and saved.
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Short telomeres are associated to senescence but there is no
proof that telomere shortening is causative in aging
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Is longevity controlled by a
genetic (biologic) program?

¢ C. elegans: at 20°C it lives, on average, 17 days,
with a maximum of 25 days; in conditions of high
density and food, it transforms into a larval form
(dauer), which that does not reproduce and lives 60
days

Social insects: queens and workers are born from

the same eggs fertilized by the same drone;
workers live a few weeks in summer and a few
months in winter; queens live several years

@ Some animals (turtles, deep water fishes, american

lobster) age very slowly; these animals show no limit
to body mass increase

Epigenetic control of longevity
and reproductwe status

- o e
Fertile queens and sterile workers are alternative forms of the adult female
honeybee that develop from genetically identical larvae following differential
feeding with royal jelly.

Nutritional Control of Reproductive Status in Honeybees via DNA
Methylation

) scen
R. Kucharski’, J. Maleszka’, S. Foret and R. Maleszkal s

Other interesting organisms

& Semelparous organisms (once-only reproducing
species; e.g. Pacific salmon, marsupial male rat;
also called "Big Bang animals"). Die
immediately after mating. Most probably, the
mechanism is not active, and due to the fact that
natural selection has evolved that a massive
effort is made to mobilize all available resources
to maximize reproductive success, even if this
leaves the adult so severely depleted or
damaged that death ensues. This is most likely to
occur where ecological circumstances decree
that the chance of surviving to breed again are
very-small (an extreme example of the

__—disposable soma theory").
< &

Q ?ﬁjd\%‘.l@how slow or negligible rate of
senescence. These organisms are capable of
undergoing complete regeneration from almost
any part of their structure, implying that germ
cells permeate the body that there is no true
distinction between germline and somatic tissue.

Tobe 1. Features of Selected Models of Prematurs Aging n e Mouss
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Mutants in the IIS pathway with
extended lifespan in the mouse

Ames and Snell Dwarf mice: miss
the growth hormone-IGF-1 axis and

other pituitary hormones due to B

mutations in the pit-1 gene ORI e

Little mice: mutations in the GH- I

releasing hormone receptor . |

KO mice for ligands (insulin, IGF1, i.\l Reguiatory Catalytic
IGF2) e W ||
KO mice for receptors (IR, IFG1R, / s ! e o
GHR) o T / I
KO mice for immediate gasuads —

| cam i li mol /.u,‘., o

(IRS proteins and other adaptor ransenpion actor

molecules including p66Shc)
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Glucose uptake

Cell growth and  and metabolic
proliferation activity

Developmental Bology 229, 141-162 (2001)
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Roles of Growth Hormone and Insulin-like Growth
Factor 1 in Mouse Postnatal Growth

a IGF-1R gene targeting b RT-PCR
Floria Lupu,* Joseph D. Terwilliger,t Kaechoong Lee, wr Exon 3 bp M1234
* St 1.1 Rad allele (+) ——— 00/
Gino V. Segre,t and Argiris Efstratiadis* / mzbm\
B el SR 600 - - -
> e

Dwarf mice with mutations that delete the O s
IGF-1 receptor or the GH receptor, which Ligarid-tincig asey and recaptor atoradlogrephiy
reduces functioning of the insulin/IGF-1 .
signaling pathway, live longer than normal mice.
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The ‘rate of living’ theory of aging
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There is a complex relationship between size and longevity in mammals:

Larger species live longer, whereas
the opposite is true within a
species

Gerontoloay, 2012;58(4):337-43. doi: 10.1159/000335166. Epub 2012 Jan 18.
Healthy aging: is smaller better? - a mini-review.
Bartke A.

Department of Internal Medicine, Southern lllinois University School of Medicine, Springfield, 62794-9628, USA.
abartke@siumed.edu

Abstract

A recent report of virtually complete protection from diabetes and cancer in a population of people
with hereditary dwarfism revived interest in elucidating the relationships between growth, adult
body size, age-related disease and longevity. In many species, smaller individuals outlive those
that are larger and a similar relationship was shown in studies of various human populations. Adult
body size is strongly dependent on the actions of growth hormone (GH) and the absence of GH or
GH receptor in mice leads to a remarkable extension of longevity. Many mechanisms that may
account for, or contribute to, this association have been identified. It is suggested that modest
modifications of the diet at different ages may extend human healthspan and lifespan by reducing
levels of hormones that stimulate growth.

Copyright © 2012 S. Karger AG, Basel.

The Molecular Players of Aging

Sir2 genes and aging

Genetic studies indicate that the
major genetic determinant of
replicative life span in yeast is
SIR2 (loss-of-function mutations Humans
shorten life span, increased gene Mice
dosage extend it).

The SIR2 ortholog in C. elegans is a

key determinant of life span in this Drosophila
animal X Flatworms,
: Mollusks,
The fact that yeast and C. elegans ete.
diverged from a common ancestor 1 billion years Yeast

about one billion years ago
suggests that all the descendants of
that ancestor (including mammals)
will possess SIR2-related genes
involved in regulating their life span.




Differences in Coronary Mortality Can Be
Explained by Differences in Cholesterol and
Saturated Fat Intakes in 40 Countries but
Not in France and Finland
A Paradox

Sabine M. Artaud-Wild, BS, RD; Sonja L. Connor, MS, RD;
Gary Sexton, PhD; William E. Connor, MD
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Review of moderate alcohol consumption and
reduced risk of coronary heart disease: is the
effect due to beer, wine, or spirits?

Eric B Rimm, assistant professor of epidemiology and nutrition,? Arthur
BMJ 1996;312:731-736 (23 March)

[ ORIGINAL ARTICLE ]

Roles of Drinking Pattern and Type of Alcohol
Consumed in Coronary Heart Disease in Men

Annals of Internal Medicine

Type of Alcohol Consumed and Mortality from All Causes, Coronary
Heart Disease, and Cancer

Morten Gronbak, MD, DrMedSci: Ulrik Becker, MD, DrMedSci; Ditte Johansen, MSc: Adam Gottschau, MSc. PhD; Peter Schnohr, MD;
Hans Ole Hein, MD; Gorm Jensen, MD, DrMedSci; and Thorkild LA. Serensen, MD, DrMedSci

Resveratrol

OH
HO. l N O
OH

3,4' 5-trihydrody-trans-stilbene

a phytoalexin produced naturally by several
plants, including berries and grape, especially
when under attack by pathogens such as
bacteria or fungi

Activates SIR2 in yeast and Sirt1 in mammals

Extends life span in yeast, worm and flies (Baur
& Sinclair, 2006)

NEWS FEATURE

Much ado about ageing

SIRTUINS UNDER SCRUTINY

Some researchers claim that an assay designed to

measure activation of SIRT1 by resveratrol works

only in the presence of a fluorescent tag — as

suggested by these data from M. Kaeberlein et al.

J. Biol. Chem. 280, 17038-17045 (2005).
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New Target for Aspirin
New work on salicylate, a natural component of aspirin,

The Molecular Players of Aging

that of the energy g AMP kinase

may underlie some of aspirin’s health benefits.
By Sabrina Richards | April 20, 2012

Salieylate, the natural compound on which aspirin is
based, directly activates a pathway linked 10 tumor

such as it role in canccr prevention. Published this|
week (April 19) in Seience. the research shows that

salieylate dircctly activates AMP kinase, which
regulates a cell’s ATP levels, which in tur promotes
fat burning in mice.

Wikimedia Commons, Chaval Brasil s a very important paper” that sheds light on the

NEWS | SCIENCE JOURNALS | CAREERS  BLOGS & COMMUNITIES  MULTMEDIA _ COLLECTIONS

The Ancient Drug Salicylate Directly Activates AMP-Activated Protein
Kinase

Simon A. Hawiey!, Morgan D. Fullrton’
Katherine 1. Walker,Mark W, Pegoie, Oary

o whom corespandence shoud e sddressed: £l

ountain of Zouth

1. Auguatine, Florida

" According to tradition, the natives of Hispaniola, Puerto
Rico and Cuba told the early Spanish that in Bimini
(Beniny), a land to the north, there was a river, spring or
fountain where waters had such miraculous curative
powers that any old person who bathed in them would
regain his youth. About the time of Columbus's first
voyage, says the legend, an Arawak chief named
Sequene, inspired by the fable of the curative waters, had
migrated from Cuba to southern Florida. It seems that other
parties of islanders had made attempts to find Bimini,
which was generally described as being in the region of
the Bahamas.

And so, what
can we do?

Juan Ponce de Leon (1460-1521), who had been with
Columbus on his second voyage in 1493 and who had
later conquered and become governor of Puerto Rico, is
supposed to have learned of the fable from the Indians.
The fable was not new, and probably Ponce de Leon was
vaguely cognizant of the fact that such waters had been
mentioned by medieval writers, and that Alexander the
Great had searched for such waters in eastern Asia. A
similar legend was known to the Polynesians, whose
tradition located the fountain of perpetual youth in Hawaii

Caloric restriction (CR) is the most effective environmental Caloric Restriction Delays Disease
method to increase lifespan (and to prevent late-onset Onset and Mortality in Rhesus Monkeys
diseases! ) Ricki J. Colman,™* Rozalyn M. Anderson, Sterling C. Johnson,%* Erik K. Kastman,*
Kristopher ). Kosmatka,”* T. Mark Beasley,* David B. Allison," Christina Cruzen,*
X . i X - Heather A. Simmons,” Joseph W. Kemnitz,** Richard Weindruch®>3*
D'etary restriction extends “fe,Span in S. cerevisiae, C. emgansv D. Caloric restriction (CR), without malnutrition, delays aging and extends life span in diverse species;
melanogaster, rodents and primates. however, its effect on resistance to illness and mortality in primates has not been clearly
established. We report findings of a 20-year longitudinal adult-onset CR study in rhesus monkeys
CR = 60-70% of what an animal would eat at libitum e e oot e G e o e v o
N . . jing-related deaths. At the ti int rted, 50% of control fed s d d
In rodents CR results in as much as a 50% increase in rodent longevity Vith 80% of the CR animals. Frihermore, CR delayed the onse of age-assocated pathologies.
Specifically, CR reduced the incidence of diabetes, cancer, cardiovascular disease, and brain
i i . i i atrophy. These data demonstrate that CR slows aging in a primate species.
Physiological effects of CR: acute phase followed by an adaptive period
of several weeks to reach a stable, altered physiological state
characterized by lower body temperature, lower blood glucose and insulin 100% —gerelated mortaltty 100y o mortalty _toow
levels and reduced fat and weight. 3
N . . N 3e ..
The CR animals are more resistant to external stressors, including heat ™ ™% H
and oxidative stress; organs are typically smaller (except for the brain) 3 3 £3
. o 2 s0% 2 50% &3 sox
CR may represent an adaptation to scarcity in a boom and bust cycle; any a a 58
‘ h Rt h e
organism that could slow aging and reproduction in times of scarcity and ; Control - Control 28 .
remain able to reproduce when food reappeared would enjoy a o M g° Control
competitive advantage. Extremes examples are the formation of spored in & — CR
microbes and dauer larvae in C. elegans S N A R S S A T
Age (years) Age (years) Age (years)

CR animals are resistant to disease, including cancer and infections

10 JULY 2009 VOL 325 SCIENCE www.sciencemag.org
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Severe Diet Doesn’t Prolong Life, at Least in Monkeys

By GINAKOLATA

Published: August 29, 2012 | 236 Comments

For 25 years, the rhesus monkeys were kept semi-starved, lean and FACEBOOK
hungry. The males’ weights were so low they were the equivalent of a TWITTER

6-foot-tall man who tipped the scales at just 120 to 133 pounds. The

hope was that if the monkeys lived longer, healthier lives by eating a cooere
lot less, then maybe people, their evolutionary cousins, would, too. EMAL
Some scientists, anticipating such benefits, began severely restricting SHARE
their own diets. PRINT
Erarge This Image The results of this major, long-awaited SINGLE PAGE
study, which began in 1987, are finally REPRINTS

in. But it did not bring the vindication

calorie restriction enthusiasts had THE

anticipated. It turns out the skinny

monkeys did not live any longer than

those kept at more normal weights. Some lab test results
National Insttute on Agngi - improved, but only in monkeys put on the diet when they

A 23-year study comparing calorie were old. The causes of death — cancer, heart disease —

restricted rhesus monkeys, lef, to

normally-fed monkeys, has shown that ~ were the same in both the underfed and the normally fed

calorie restriction may not increase
one's lifespan monkeys.

10NS

OMING SOON

Caloric restriction (undernutrition without
malnutrition)

Slows multiple age-related changes, delays the onset of
cancer and multiple other age-related pathologies, and
extends life span

Periodic food deprivation (every-other-day intermittent feeding)
may induce similar physiologic effects even when average
caloric intake is not different from ad libitum intake

"CR mimetic drugs" e.g. metformin (hypoglycemic agent) and
2-deoxyglucose (glycolysis inhibitor)

CALERIE (Comprehensive Assessment of Long-term Effects of
Restricted Intake of Energy Intake) trial: has tested effects of
2-3 years of CR (20-30% reduction) in young and middle-aged
nonobese persons

Cell Metabolism

Metabolic Slowing and Reduced Oxidative Damage
with Sustained Caloric Restriction Support the Rate
of Living and Oxidative Damage Theories of Aging

CALORIC RESTRICTION & LONGEVITY

* y Highlights
%J o Calorie restriction (CR) extends maximum lifespan in most

species
o Young, healthy individuals achieved 15% CR and 8 kg weight
Ad-Libitum >+ >+ + > 2 Years Caloric Restriction

loss over 2 years

Energy expenditure (24 hr and sleep) was reduced beyond
weight loss

Fat ¢ Q‘
Carbohydrate &
Protein

Oxidative stress was also reduced, supporting two long-
standing theories of aging

t
MO
: e
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@ co, D‘
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Redman et al., 2018, Cell Metabolism 27, 805-815

, 2018 © 2018 Elsevier Inc.
hitps://doi.org/10.1016/j.cmet.2018.02.019

SO SEPTENBER 2018 VOLUME 15

Unhealthy lifestyle and disease risk

Mental stress  Sed: y lifestyle E: ive calorie intake  Unhealthy diet

Ve A
T Sympathetic and %5 Abdominal obesity Dyslipidaemia

adrenal activity l

)
1 1 A}

Insulin resistance  Inflammation Diabetes mellitus —» Chronic nephropathy

1 L Coronary heartdlsease
>— Smoking ——

Hypertension

Oxidative stress

Hyperinsulinaemia

L SHBG and IGFBP1 Stroke
( Demenna
Cancer NAFLD g

Most prevalent chronic diseases share a common metabolic substrate

Caloric restriction humans results in sustained
beneficial effect on most CVD risk factors

Calorie restriction

Metabolic adaptations
!

p
Lipid profile

N

Inflammation

L LDL cholesterol | White blood cells
T HDL cholesterol 4 C-reactive protein
1 Triglycerides 1 Cytokine levels

| Adhesion molecules

Glucose metabolism  Endocrine profile Redox status

4 Glucose levels { Leptin
L Insulin levels Adiponectin
Insulin sensitivity L T3, TIGFBP1, and T SHBG
Angiotensin |

1 F2-isoprostanes

1 White blood cell
DNA oxidation
DNA fragmentation

Physiologica{‘ adaptations

Low intima-media
thickness

Improved endothelial
function

Low blood pressure  Improved heart rate

variability ©

£

Improved left ventricular
diastolic function

Q

Clinical outcomes
I

L Risk of coronary heart disease 4 Risk of stroke | Cardiac arrhythmias | Peripheral artery disease | Heart disease

Intermittent fasting and meal time

W nature.cominrcardio

Both intermittent fasting and time-
restricted feeding extend lifespan up
to 30% in mice

Energy Restriction %

Eating at breakfast and lunch results
in better metabolic adaptation (wight
loss, glucose tolerance and insulin
sensitivity) compare to a later meal
pattern

Effects of caloric intake timing on insulin
resistance and hyperandrogenism in lean
women with polycystic ovary syndrome

Daniela JAKUBOWICZ*, Mazyan BARNEAT  Julio WAINSTEIN* and Oren FROYT
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Caloric restriction or dietary restriction?

The Ratio of Macronutrients, Not Caloric Intake,
Dictates Cardiometabolic Health, Aging,
and Longevity in Ad Libitum-Fed Mice

sy,

Bl

SEWG novstion. Dl 4335, Norusy

it o By, Unverstyof Hee.Hesks 0014, Frisnd

A G215, U
Nt i iveriy, Ackiond 052 - Dietary Food Metabolic
health

macronutrients  intake Adiposity Litespan
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Highlights

« Food intake is regulated primarily by Lowprotein,

dietary protein and carbohydrate - 1 1 1 1

« Low-protein, high-carbohydrate diets are

associated with the longest lifespans tonpi,

+ Energy reduction from high-protein diets or 1 11 1 1

dietary dilution does not extend life & @

« Diet influences hepatic mTOR via Macionutrent Ciculating .

branched-chain amino acids and glucose (s wh cunmn m S mp Lo
o) R bt

Reduced physical activity is a strong and
independent predictor of CVD mortality although
exercise do not eliminate the higher risk of death

associated to visceral adiposity

100,

Survival (%)

T T T T T T T PR VA
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Age (days)

Fig. 4| Calori iction, but not exercise, i imal lifespan
in rats. The ival curve for sed y control rats is signifi t from that of
runners (P<0.02) and calorie-restricted sedentary rats (P<0.0001). The survival curve for
runners is also significantly different from that of calorie-restricted sedentary rats
(P<0.01). Figure is adapted with permission from REF.”", American Physiological Society.
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CR mimetics: the US National Institute on Aging
Interventions Testing Program (NIA [TP)

Table 2| Pharmacological interventions tested i the NIA ITP

Pharmacological intervention Maimum  Modian UsspanMain mechaniam of sction
pan
Acarbose Yes Yes Linsulin signallingand 1 hepatic
mTORC2
Rapamycin Yes Yes I Nutrient sensing pathways (TOR)
Aspirin No Yes (onlymales) | Inflammation and COX1.and COX2
activities
No. |
17a-Oestradiol No Yes (onlymales) 1 Hepatic mTORC2 signalling
Protandim No Yes onlymales) 1 NRF2activity
Caffec acid phenethylester (CAPE) No. No Lnflammation and oxidativestress
Curcumin No No 1 Oxidative sress
Enalapril No No 1 ACE activity
Fishol No No INLRP3 nflammasome
Green tea extract No No 1 Oxidative sress
Medium-chain triglyceride oil No. No 4 Adipogericgenesond i
lomeostasis
Metformin No Not 1 AMPK and | mTOR actvities
Methylene blue No No 1 Oxidative stress
Nitroflurbiprofen (NFP) No. No 1 COX1 and COX2 activities
+-OH-PBN (a-phenyl-N-tert-butylitrone) No No 1 Oxidative stress
Oxaloaceticacid No No 1 NAD':NADH atio
Resveratrol No. No 1'SIRTE and AMPK activites
Simvastatin No No 1HMG CoA reductase activty
Ursodeorycholicacid No No 1 Xenbiotic stressresistance.
k. 5" AMP-acthated proten kinase: CO isol
oA oA mIOR pamycin: mTORC:
olapmycincomplex erventions Testing Program: NLRP3, NOD-

containing 3 NRF2 IRTL NAD. i Metformin

A large multi-institutional study investigating treatments with the potential to extend
lifespan and delay disease/dysfunction in genetically heterogenous (outbread) mice
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