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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)
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How long shall we live?
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Life expectancy at birth in developed countries

@ 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
Fly: 3 months
Canary 15 years
Bat 50 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
sample size.

EXISTENCE OF A
BIOLOGICAL CLOCK?

Age-related diseases are degenerative in
nature and compressed at the end of our life

* Increased mortality with
age maturation

* Increased susceptibility
and vulnerability to :
disease (centenarians
live >90% of their lives in
very good health and with
high level of
independence - marked
morbidity compression
toward the end of life)

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
somatic mutation and other forms of DNA damage

N

Telomere loss theory. A decline in cellular division capacity
with age linked to the progressive shortening of telomeres as
cells divide

3. Mitochondrial theory. Accumulation of mitochondrial DNA
mutations with age

4. 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
functional declines of proteasomes and chaperones

o

Antagonistic pleiotropic theory. Pleiotropic genes exist having
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 weak

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

~

Rate of living theory. Metabolic rate is inversely correlated with
longevity. Smaller mammals tend to have high metabolic rates
and thus tend to die at an earlier age than larger mammals

8. Weak link theory. A specific physiologic system (e.g. the
neuroendocrine or the immune system) is particularly
vulnerable over time and its dysfunction accelerates
senescence of the whole organism
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9. Ervor catastrophe theory. Errors in DNA transcription
or RNA translation eventually lead to genetic errors that
promote senescence

3

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

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
Darwinian fitness (growth, reproduction,...)

12. Combined network theories of aging. Multiplicity of
aging mechanisms (e.g.: a gradual accumulation of
mIDNA mutations might lead to a steady increase in the
production of ROS and a gradual decline in energy
production

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
somatic cells (eg. in stem cells?)
Changes in biochemical composition
of tissues (increased adipose tissue,
lipofuscin deposit, increased ECM
component cross-linking, increased
glycation products)

Nature 2018

The Molecular Players of Aging
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We use oxygen to
generate energy!

Reactive oxygen species (ROS)

ROS are produced in
multiple
compartments:

& mitochondria (90%)

© NADPH oxidases on the
plasma membrane
lipid metabolism in the
peroxisomes
cytosolic enzymes such
as cyclooxygenases

& cytochrome P450
enzymes

Oxidative phosphorylation:
The metabolic pathway in mitochondria in _ _ 0.2-2% of total oxygen
which energy released by the oxidation of superoxide anion Oz consumption is funneled
nutrients is used to reform ATP hydroxyl radical OH to ROS generation

red: mitochondria hydrogen peroxide Hz02
In a cardiomyocyte, the are ~ 10,000 mitochondria, which occupy nitric oxide NO
~30% of the cytoplasm

The "free radical theory of aging"
(Harman, 1956)

Mitochondrial mutations and aging

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

Aging and its associated degenerative diseases ¥ Specific mutations in mitochondria could lead to defects in
can be attributed to deleterious effects of free energy production and production of ROS by faulty electron
radicals on various cell components transport

L < Age-dependent declines in mitochondrial function are seen
Now better called "Oxidative stress theory of in many species including humans

aging" (many ROS are not free radicals) 2 Inherited mitochondrial DNA variants are associated with

aging and longevity (the J haplogroup is more represented in

Mitochondria are the main source of ROS 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

C. elegans mutants, oxidative
stress and aging

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

UV irradiation

isp-1 mutants are long-lived (missense mutation in a
component of complex Ill of the respiratory chain in
mitochondria) s~ -
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. Indy mutations create a metabolic state
similar to that found in dietary restriction.

Mth (methuselah): 25% increase in life span. Family of the

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 Il) 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 II-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%!!!

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

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
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Potential targets for ROS in aging

ROS cannot be all...

Various evidences go against the ROS theory of aging

High oxidative damage levels in the longest-living
rodent, the naked mole-rat

Germ cells are immortal Animal cloning is possible

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

The DNA Damage Response:
senescence, checkpoints, cell proliferation
and cancer



Aging: the price for tumor

SUPPression? ... but turtles can live up to 150 years

Cellular senescence might have evolved as a
mechanism of tumor suppression. Therefore,
ageing would be an antagonistically
pleiotropic manifestation of evolutionary
pressure to prevent malignant transformation

A fine equilibrium between the anti-
neoplastic and pro-aging effects of p53

crzgérlﬁsn(: {0 the optimal lifespan for an ... do they form more tumors than other species?

Double stranded DNA break repair
by non-homologous end-joining

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

Human progeroid The Molecular Players of Aging
syndromes

Ros and
mitochondria Telomeres

Werner syndrome

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 DNA damage C ” t b I
twenties and thirties and look as though they are twenty or more ell metapolism
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
14y 48y Japan




Cellular senescence

© Normal human cells have a limited
ability to proliferate in vitro (Hayflick,
1965)

@ Growth potential of a primary cell
declines 0.2 population doublings per
year of life

© Correlation between the number of
senescent cells in vivo and age of
donor

© Cells from progeria syndrome patients
have limited doubling potential

@ Association with several molecular
changes

@ Overexpression of telomerase
overcomes senescence;
overexpression of ras induces
senescence

Senolytic drugs contrast aging
phenotypes

© Senolytic drugs: drugs
that preferentially kill
senescent cells

@ Inold mice, or mice
‘aged’ with senescent
cells, as senolytic drugs
(dasatinib and
quercetin) increase
remaining lifespan by
36%, enhance
healthspan, reduce frailty
and delay age-related
diseases

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

High throughput screening identifies microRNAs
bypassing cellular senescence

8 miRNAs = 3-fold proliferation increase

31 miRNAs = 2-fold proliferation increase

442 miRNAs = 3-fold proliferation decrease

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'->8, 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®” & Jennifer H Elisseeff!

NATURE MEDICINE VOLURE 23 | NUVBER & 1 JUNE 2077
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Clearance of senescent glial cells prevents
tau-dependent pathology and cognitive decline
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High throughput screening to identify microRNAs
bypassing cellular senescence

Replicatively senescent:

2 PDL45

290 din culture

2 50 % SA-betaGal positive
<10 % proliferation

Nadja Ring

Screening results: top hits



Telomeres are shortened during cellular Telomeres uncapping causes a DNA
senescence damage response

Vertebrate telomeres are
long stretches (1-50 kb)
of dsDNA containing the

repetitive sequence Senescent telomeres

TTAGGG, which lose some of their

terminate in 100-200 single-stranded portion
Chromosome bases of ss TTAGGG at - the telomeric

the 3’ end.

overhang - which is

This 3’ overhang circles .
9 crucial for the

back end embed in the

duplex DNA maintenance of the T-
loop and the
DNA subsequent formation
of the cap
The extended telomeric cap helps Telomere uncapping (disruption of the proper structure of the protective cap)
maintain the stability of the genome seems to be recognised as a dsDNA break, activating the DNA damage
machinery.
Telomeres
In normal human cells, at every replication
cycle the telomere looses its terminal part
and gets shortened
\
Cells age if telomeres are sﬂonened but
S?ijg:g‘;i?;;ﬁ)‘?’:;gé’; ‘sg;‘:{:;%‘s Short telomeres are associated to senescence but there is no
B proof that telomere shortening is causative in aging

The Molecular Players of Aging s longevity controlled by a
genetic (biologic) program?

C. elegans: at 20°C it lives, on average, 17 days,

Ros and with a maximum of 25 days; in conditions of high
itochondri Telomeres density and food, it transforms into a larval form

mitochonaria (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

DNA damage  Cell metabolism

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 reproductive status

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

R. Kucharski-, J. Maleszka-, S. Foret and R. Maleszkal

The "genes of
aging"

Mutation in single genes
decrease life span

Dwarf mice with mutations that delete the
IGF-1 receptor or the GH receptor, which
reduces functioning of the insulin/IGF-1
signaling pathway, live longer than normal mice.

Science

Other interesting organisms

Qe 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").

] Hydra. Show 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.

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

mutations in the pit-1 gene

Little mice: mutations in the GH-

releasing hormone receptor

KO mice for ligands (insulin, IGF1,

IGF2)

KO mice for receptors (IR, IFG1R,

GHR)

KO mice for immediate

downstream signaling molecules

(IRS proteins and other adaptor

molecules including p66Shc)
Glucose uptake

Cell growth and  and metabolic
proliferation activity

The ‘rate of living’ theory of aging

There is a complex relationship between size and longevity in mammals:

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



Sir2 genes and aging

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

The SIR2 ortholog in C. elegans is a
key determinant of life span in this
animal.

The fact that yeast and C. elegans
diverged from a common ancestor
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.

The Molecular Players of Aging
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Resveratrol

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

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

AMPK activation promotes authophagy

SB-204990, Berberine, NR, NMN, NAD+ precursors,
radiciol, gs?g,oiRT_SM.lsRﬂlno. CA, CAEA, metformin,
, piceatannol,
HCA quercetin, myricetin Resveratrol GA, CAPE
A4
Curcumin, EGCG, metformin,
| ACLY| | KDACs (sirtuins)l | AMPK | -« Spermidine,
Aspirin/salicylate
eg, LC3,
Depleti BECN1, ATGS,
epletion mitofusin-2
\
€646, A-485,

anacardic acid,

KATs (EP300)| | garcinol, GA

3
Q
~

| Acetyl-CoA I—>| Protein deacetylation

1,2,3-benzenetricarboxylate,
CPI-613, UK5099

Perhexiline maleate,

[ Rapamycin,
mTOR perhexiline maleate

Cell Metabolism 29, March 5, 2019

-
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And so, what
can we do?

Antiaging therapies

(U]

In mice, modest effects with some antioxidants and no effects
with a-lipoic acid (antioxidant) or coenzyme Q10 (which
increases electron transport and has antioxidant activities)

Resveratrol (sirtuin activator)

AMPK activators (aspirin?)

Antinflammatory agents (aspirin and nitroflurbiprofen)
4-hydrody-phenyl-N-ter-butyl nitrone (free radical scavenger)

Nordihydroguarietic acid (lipoxygenase inhibitor with structural
similarity to resveratrol)

Drugs that regulate cholesterol metabolism (genetically, a
relationship exists between exceptional longevity and variants of
several genes affecting lipoprotein metabolism)

(viii) Rapamycin and other mTOR inhibitors

(i%)

Ongoing genetic screens in C. elegans, Drosophila and
mammalian cells aimed at the identification of drugs, siRNAs
and microRNAs that increase life span

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.

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
method to increase lifespan (and to prevent late-onset
diseases!)

Dietary restriction extends lifespan in S. cerevisiae, C. elegans, D.
melanogaster, rodents and primates.

CR = 60-70% of what an animal would eat at libitum
In rodents CR results in as much as a 50% increase in rodent longevity

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 (possible marker for metabolic
rate), lower blood glucose and insulin levels and reduced fat and weight.

The CR animals are more resistant to external stressors, including heat
and oxidative stress; organs are typically smaller (except for the brain)

CR may represent an adaptation to scarcity in a boom and bust cycle; any
organism that could slow aging and reproduction in times of scarcity and
remain able to reproduce when food reappeared would enjoy a
competitive advantage. Extremes examples are the formation of spored in
microbes and dauer larvae in C. elegans

CR animals are resistant to disease, including cancer and infections



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

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

Unhealthy lifestyle and disease risk

Mental stress  Sedentary lifestyle Excessive calorie intake Unhealthy diet

Ve A W

T Sympathetic and %55 Abdominal obesity Dyslipidaemia
adrenal activity .
) Hypertension

Oxidative stress

1 1 )

Insulin resistance  Inflammation  Diabetes mellitus — Chronic nephropathy

Hyperinsulinaemia

1 SHBG and IGFBP1 Stroke ‘;}_

1 ' "
n —

Coronary heart disease
Smoking —»

l '
Dementia
( t

A
Cancer NAFLD /
Most prevalent chronic diseases share a common metabolic substrate
568 SEPTEMBER 2018 | VOLUME 15 ‘www.nature.com/nrcardio

Intermittent fasting and meal time

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

Eating at breakfast and lunch results
in better metabolic adaptation
(weight 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
Dariela AKUBOWIOZ*, Mocyan BARNEAT, o WAINSTEIN and Oren FROTYT

Do Ut

o Hobrew Uty o orvamr, Renet 76100, e,

BF: breakfast diet

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

»* %

h * Highlights

*f/ 7 x & e Calorie restriction (CR) extends maximum lifespan in most
H species

Ad-Libitum » » 1 » >+ 2 Years Caloric Restriction loss over 2 years

Fat (SR weight loss

)
c”r;zt"‘"’ w“' o Oxidative stress was also reduced, supporting two long-
E o= standing theories of aging

April 3, 2018 © 2018 Elsevier Inc.
hitps://doi.org/10.1016/.cmet.2018.02.019

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

Calorie restriction

Metabolic adaptations
!

o Young, healthy individuals achieved 15% CR and 8 kg weight

o Energy expenditure (24 hr and sleep) was reduced beyond

Redman et al,, 2018, Cell Metabolism 27, 805-815

Lipid profile Inflammation Glucose metabolism Endocrine profile Redox status
L LDL cholesterol | White blood cells { Glucose levels { Leptin { F2-isoprostanes
THDL cholesterol | C-reactive protein L Insulin levels Adiponectin 1 White blood cell
d Triglycerides 1 Cytokine levels Tinsulin sensitivity 4 T3, TIGFBP1,and TSHBG ~ DNA oxidation

A Adhesion molecules 1 Angiotensin | DNA fragmentation

Physiulcgicai adaptations

Improved endothelial Low blood pressure I d-heart rate Low inti di Improved left
diastolic function

Q

function /‘q/ variability xhigkness

’l}(é

Clinical outcomes
I

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

Caloric restriction or dietary restriction?

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

Samantha . Soon-iet, <5 —_ . W

Sycney N 2120, A

Sy, Syiney N 205, st

11 D.GLG), staphen.sisondsycoay c 34 8.1S)

Highlights

+ Food intake is regulated primarily by
dietary protein and carbohydrate

* Low-protein, high-carbohydrate diets are
associated with the longest lifespans

+ Energy reduction from high-protein diets or
dietary dilution does not extend life

- Diet influences hepatic mTOR via
branched-chain amino acids and glucose



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
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Fig. 4| Calorie restriction, but not endurance exercise, increases maximal lifespan
in rats. The survival curve for sedentary control rats s significantly different from that of
runners (P<0.02) and calorie-restricted sedentary rats (P<0.0001). The survival curve for
runners s 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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Centenarians

Highly prevalent in:

Okinawa, Japan

Sardinia, Italy

Loma Linda, California
Nicoya Peninsula

Costa Rica and Ikaria, Greece

CR mimetics: the US National Institute on Aging
Interventions Testing Program (NIA TP)

Table 2| Pharmacological interventions tested in the NIA TP

Pharmacological intervention Maximum  Median lifespan ~ Main mechanism of action
lifespan
Acarbose Yes Yes 1 Insulinsignalling and  hepatic
TORC2
Rapamycin Yes Yes 1 Nutient sensing pathways (mTOR)
Aspirn No Yes onlymales) | Inflammation and COX1and COX2
actites
Nordinydroguaiartic acid (NDGA) No Yes(only moles) | Inflommation and oxidative stress
17a-Oestradiol No Yes (onlymales)  Hepatic mTORC? signaling
Protandim No Yes(only moles) 1 NRF2 activity
Caffec acid phenethyl ester (CAPE) No No 1 Inflammation and oxidative stress
Curcumin No No 1Oxidative stress
Enalapri No No 1ACE activity
Fishoil No No L NLRP3 inflammasome
Greentea extract No No 1Oxidative stress
Medium-chain tiglyceride ol No No 1 Adipogenic genesand f insulin
homeostasis
Metformin No Not 1AMPK and | mTORactiites
Methylene blue No No 1 Oxidativesress
Nitroflurbiprofen (NFP) No No 1COX1and COX2 ctivities
+-OH-PBN (aphenylN-ter-butylnitrone)  No No 1 Oxidative stress
Oneloaceticacid No No 1 NAD“NADH ratio
Resveratrol No No 1SIRTLand AMPK activiies
Simvastatin No No 1 HMG-Co reductase activty
Ursodeosychalicacid No No  Xenobiotic stres resistance
;. s
o, 1o i
vention: NOD- LR
IRT1 NAD 1 hetformin

i

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

Caloric Restriction, CR Mimetics, and Healthy Aging in Okinawa:
Controversies and Clinical Implications

Bradley J. Willcox2° and Donald Craig Willcox2.b:¢
3Department of Geriatric Medicine, John A. Burns School of Medicine, University of Hawaii,
HPM-9, 347 N. Kuakini Street, Honolulu HI. 96817

bDepartment of Research, Kuakini Medical Center, 347 N. Kuakini Street, Honolulu HI. 96817

°Okinawa International University, Department of Human Welfare, 2-6-1 Ginowan, Okinawa,
Japan 901-2701

Abstract

Purpose of Review—To examine the role of two nutritional factors implicated in the healthy
aging of the Okinawans: caloric restriction (CR); and traditional foods with potential CR-mimetic
properties.

Recent Findings—CR is a research priority for the U.S. National Institute on Aging. However,
little is known regarding health effects in humans. Some CR-related outcomes, such as cause-
specific mortality and lifespan, are not practical for human clinical trials. Therefore,
epidemiological data on older Okinawans, who experienced a CR-like diet for close to half their
lives, are of special interest. The nutritional data support mild CR (10-15%) and high consumption
of foods that may mimic the biological effects of CR, including sweet potatoes, marine-based
carotenoid-rich foods, and turmeric. Phenotypic evidence is consistent with CR (including short
stature, low body weight, lean BMI), less age-related chronic disease (including cardiovascular
diseases, cancer, and dementia) and longer lifespan (mean and maximum).

‘Summary—Both CR and traditional Okinawan functional foods with CR-mimetic properties
likely had roles in the extended healthspan and lifespan of the Okinawans. More research is
needed on health consequences of CR and foods with CR-mimetic properties to identify possible
nutritional interventions for healthy aging.
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