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E davvero notevole che dopo un'impresa apparentemente miracolosa quale e la
morfogenesi un metazoo complesso non sia in grado di svolgere il compito molto

piu semplice di mantenere cio che e gia stato formato.d George C. Williams
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INVECCHIAMENTO MONDIALE

U nited Department of

Economic and

Nations | social Affairs

World
Population

Ageing
2019

Highlights

Life expectancy at birth by region, both sexes combined (vears), 1990-2050

100 - Estimates Projections
£
B ——ememym=a=t= T o o o==zoS=D
‘ _*-T_—_—'__— =;===;:=::=:::‘:::: ________
E‘ -m._ - R I e L L L
] o -
¥
E- &
£
=i =
40 r 1 1 1 1 r 1
1550-1005 2000200 20102015 20152020 202025 2030-2035 2040-2045 2452050
Year
s AT Sub-5Saharan Africa
e CHTTNEM AMTICAE aNd Weslem Asla ssrCEME aNd S0Uthem Asla
s E35ham and Soulh-Easiem Asla LLatin America and the Canbbaan
Australla and New Zealand e 0EANNS"

Global population by broad age groups, 1990-2050 [percentage)

100

&0

&0

40

| Percartage

20

1860 2000 2010 200 2030 2040 2050

Year
mage 0-14 Bage 15-24 Nage 25-04 N age 65+



INVECCHIAMENTOENESCENEMALATTIE

LEGATE[ [ Q9 ¢ "
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INVECCHIAMENTO
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PERCHE INVECCHIAMO?
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INVECCHIAMENTO: UNA
UESTIONE DI SESSO?

® Reproduction
downspends

® Curtailed

fat reserves ® Selection for reproduction
long lifespan can extend
reduces early lifespan

® Curtailed reproduction

® Lipids

reproduction .
66 npi p— energetically . _ ® [ncreased
lipid storage support Long-lived reproduction
reproductive mutants can shorten
often have

processes lifespan

reduced
reproduction

® |ong-lived mutants often store more fat

® Selection for increased lifespan often S
increases fat storage e /0
® Increased lipase activity can extend lifespan

® Obesity can shorten lifespan
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Diabetes Infarction

Obesity Metastases
Tumors
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Blagosklonny M. V. Aging and Immortality: QuagProgrammed Senescence and Its Pharmacologic InhidtehCycle5, 2087 2102 (2006).



Irving Kahn, the oldest trader on Wall Street, is remarkably active despite being over 100 years of age — and scientists hope many more will match him.

Great expectations

Scientists are searching for a genetic blueprint that will enable humans to stay healthy and
vital well into their old age.
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LONGEVITA E RESISTENZA ALI
STRESS

How long animals live
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Maximum ages, in years, that certain animals may be expected to reach, based on reports of zoos and estimates of biologists.
(Data from S.S. Flower, “The Duration of Life in Animals,” in Proceedings of the London Zoological Society.)
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IMPARARE DAI CENTENARI

H ESiStono de | |e Vari an’[i g @& ni Genetic Analysis Reveals a Longevity-Associated Protein
. e Modulating Endothelial Function and Angiogenesis
aSSOC I ate a I O n g eVIta' Francesco Villa,* Albino Carrizzo,* Chiara C. Spinelli,* Anna Ferrario,* Alberto Malovini,
g Anna Macia,g, Antonio Da.n;ato, Alberto Aqricchjo, Gaia Spinetti, Eleng .Se.mgalli, Zexu Dang,
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ai portatori di evitare A rare genetic variant of BPIFB4

| 0i nsor gen z apredisposesto highblood pressure

T aet A via impairment of nitric oxide
signaling
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EPIGENETICA E LONGEVIT/

Table 1 | Chance of living to age 10( according’  .irth year and sex

(directly from with permissic

Year of birth )) Fer aler (%)
1931 5.1
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1961 1C b 16.. BLUE Zn S
1991 192 26.4 "
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Sebastiani, P. & Perls, T. T. The Genetics of Extreme Longevity: Lessons from the New England Centenariaroftiedy.GeneticS, 277 (2012).



GENERALIZZAZIONE
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SENESCENZA CELLULARE

TIMELINE

Hayflick, his limit, and cellular ageing

Jerry W. Shay and Woodring E. Wright

Almost 40 years ago, L eonard 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-

Ve

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




TELOMERI, TELOMERASI E
OROLOGIO BIOLOGICO
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DANNO AL DNA

A
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damage damage
Chemicals, ROS, replication errors,
UV/IR radiation spontaneous reactions
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HANche la formazione di danni
che possono essere riparati f _ -
RS Cl ano del | e 0T O v
epigenetiche nel DNA e Controlled induction of DNA double-strand breaks

in the mouse liver induces features of tissue ageing

OSS O n O I n d u rre aI te raz I O n I Ryan R. White!, Brandon Milholland!, Alain de Bruin?, Samuel Curran®', Remi-Martin Laberge?3,
Harry van Steeg?, Judith Campisi®®, Alexander Y. Maslov' & Jan Vijg'

ti pirche dell GI ny.ecc.hil.ament o.

lacking, owing to the difficulty of inducing defined DNA lesions in cells and tissues without
simultaneously damaging other biomolecules and cellular structures. Here we directly test
whether highly toxic DNA double-strand breaks (DSBs) alone can drive an ageing phenotype
using an adenovirus-based system based on tetracycline-controlled expression of the Sacl
restriction enzyme. We deliver the adenovirus to mice and compare molecular and cellular
end points in the liver with normally aged animals. Treated, 3-month-old mice display many,
but not all signs of normal liver ageing as early as 1 month after treatment, including ageing
pathologies, markers of senescence, fused mitochondria and alterations in gene expression
profiles. These results, showing that DSBs alone can cause distinct ageing phenotypes in
mouse liver, provide new insights in the role of DNA damage as a driver of tissue ageing.




MALRIPIEGAMENTO PROTEI

"Life is an

equilibrium state
between synthesis
and degradation

of proteins.”

Yoshinori Ohsumi, 2016 Nobel Prize p Nobel
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RESTRIZIONE CALORICA E
SENSORI DEI NUTRIENTI

VALTER £

The NEW ENGLAND JOURNAL of MEDICINE

‘ REVIEW ARTICLE ‘

Dan L. Longo, M.D., Editor

Effects of Intermittent Fasting on Health,
s DIETA Aging, and Discase
D E LLA Rafael de Cabo, Ph.D., and Mark P. Mattson, Ph.D.

LONGEVITA

Muscle
(myocyte)

|

[ ATP production J

l

{ 1 Mitochondrial biogenesis }

- . = - T
Acetoacetate - Autophagy
FGF21  B-HB| | /

I mTOR pathway

I

p e j 4 l
[ Liver ' Vasculature
‘ (hepatocyte) D [

Improved performance }

_\5;' Stress resistance
Dallo scienziato che ha rivoluzionato O =l SO
. . e . S i
la ricerca su staminali e invecchiamento, : e \) I
la DIETA MIMA-DIGIUNO per vivere sani ‘ \ : . @ BDNF signaling
: 3 J ¥ = - Synaptic plasticity
fino a 110 anni V aard , /B Neurogenesis
% } '/J'G\‘,,Lk ; J
Intestine {adlipocyte) 4 \_

Rolle, I. G.et al. Cell Senescence in Cardiac Repair and Failbver Stem Cell Res 15, 685 695 (2020).
Fontana, L. & Partridge, L. Promoting Health and Longevity through Diet: From Model Organisms to HGeleb&1, 106 118 (2015).



SENESCENZA CELLULARE
ED INVECCHIAMENTO
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Senotherapeutics
Trends in Cell Biology

Borghesan, M., Hoogaars, W. M. H., Varela-Eirin, M., Talma, N. & Demaria, M. A Senescence-Centric View of Aging: Implications for Longevity
and Disease. Trends Cell Biol 30, 7771 791 (2020).
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NOT GIVEN ANTI-AGEING DRUGS GIVEN ANTI-AGEING DRUGS
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Brigh eyes

Childs BG, Gluscevic M, Baker DJ, Laberge R-M, Marquess D, Dananberg J, Deursen JM van. Senescent cells: an emerging target for diseases of ageing. Nature
Publishing Group. 2017;171 18.



SENOLITICI

Quercetin Content Fisetin Content
(mg/100gm edible portion)

Elderberries

Red Onions
)
14
w
White Onions g ‘ ‘ ﬂf ﬁa
-
L Camomile Lime Blossom
. 28 uglg 39 uglg
Cranberries N a\% | s
E ‘ y
a L |
Green Hot Peppers 2 w
. \ Apple Kiwi Persimmon Peach Red Grapes Strawberries White Grapes
26.9 uglg 2 uglg 10.6 pglg 0.6 pglg 0.255 pglg 160 pg/g 0.176 pg/g
8 = .
= O~
Kale 3 \(’
( -
P -
©
4 w Cucumber Lotus Root Onion Tomato
Bluebemes > 0.1 uglg 5.8 uglg 4.8 uglg 0.1 pg/g

Red Apples < ol e}?
o =
Black Ceylon Green Red
. 109 pg/ 174 ugl 539 pg/
Romain Lettuce i hlg Halg 320 uglg

Pears

Spinach
Sundarraj, K., Raghunath, A. & Perumal, E. A review on the chemotherapeutic potential
DRJOCKERS com  of fisetin: In vitro evidences. Biomed Pharmacother 97, 9281 940 (2018).
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SPERIMENTAZIONE CLINIC/

UNITY Biotechnology Announces 12-week data
from UBXO0101 Phase 2 Clinical Study in Patients
with Painful Osteoarthritis of the Knee

August 17, 2020 07:00 ET | Source: Unity Biotechnology, Inc.

+ Guidance for UNITY's Bcl-xL inhibitor UBX1325 in retinal disease remains unchanged

« UNITY to focus senescence programs on ophthalmelogic and neurclogic diseases in near-
term

* UNITY to hold investor and analyst conference call today, Monday, August 17, 2020, at 8:00
a.m,. EDT

2N

Credit: Erin Dewalt

Send in the senolytics

Despite early failures in the clinic, the idea of anti-aging therapies that purge the body of dying cells is gaining
traction with a raft of startups now focused on senescence.

Elie Dolgin



TERAPIA ISPIRATA DA STUDI
CENTENARI

HBPIFBA4 si riscontra ad alti livel Single. systemic transfer of a human gene

) . : associated with exceptional longevity halts
plasma di SOQQGW |OngeV| ; the progression of atherosclerosis and

inflammation in ApoE knockout mice through
a CXCR4-mediated mechanism
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