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IL PARADOSSO
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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.—George C. Williams

https://www.3dembryoatlas.com




INVECCHIAMENTO MONDIALE
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INVECCHIAMENTO, SENESCENZA E MALATTIE

LEGATE ALL'ETA
Frailty in Aging
Biological, Clinical
and Social Implications 60 -
Editors 1 == Sinusitis
O.Theou 40 - =¥ Asthma
K.Rockwood . -0~ Kidney disease

-&— Arthritis

o~ Diabetes
~@=Cancer
- Heart disease

% with disease
o

Malattie legate all’eta: artrosi,
patologie cardiovascolari, malattie
neoplastiche, [2DM “mestrEiE
una prevalenza che aumenta con
'eta dell'individuo.

Senescenza: progressiva perdita
della capacita di rimpiazzare le
cellule perse in seguito a
normale ricambio o di riparare
un danno.




INVECCHIAMENTO

1. Perché invecchiamo?

1. E un processo cui vanno incontro tutti gli organismi

viventi?
2. E un processo inarrestabile o no!
ERNE o selezionato dall’evoluzione © no!

2. Come invecchiamo?



PERCHE INVECCHIAMO?

vooe W=
" ' ‘ ‘ THEORIES .
'L L L 4 ~

THEORIES OF

EDITORS

A G E I N G ‘ / - Vern L. Bengtson

Richard A. Settersten, Jr.
SIP OF MDTEA 4.01 ' :

:-'ﬂ"

L

HDT;:'-.'.

Inteecisciphinary Topics in Gerontology
Editor: T. Fulop
Vol 35

Aging

Facts and Theories

Edvtors

L. Robert
T. Fulop

EVOLUTION

GENETICS

ENVIRONMENT
CELL AGING

LONGEVITY
FREE RADICALS

KARGER



” -
-

5
L
LS A AR

SALON

MifGaiak Twag
g

3

D
&
-
)
©
-
O
-
O
N
D
D
7y
0
[
[e
&
QS
S
O




INVECCHIAMENTO: UNA
UES HONE DI SESSEE

® Reproduction
downspends

® Curtailed

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

® Curtailed reproduction

® Lipids

reproduction .
ca npi p— energetically . _ ¢ Incisased
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
increases fat storage y

® Increased lipase activity can extend lifespan

® Obesity can shorten lifespan



INVECCHIAMENTO ED
'IPERFUNZIONE

Hypertension Stroke

Diabetes Infarction

 Obesity Metastases
' Tumors
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Quasi-program

|

|
Development = Aging

Program |

¥

Blagosklonny, M. V. Aging and Immortality: Quasi-Programmed Senescence and Its Pharmacologic Inhibition. Cell Cycle 5, 2087-2102 (2006).
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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.

COMPRENDERE L'INVECCHIAMENTO STUDIANDO LA
LONGEVITA



L ONGEVITA E RESISTENZA ALLO
H R N

How long animals live

o+ " & N
4
dragonfly shrew mole rat, mouse > hare

” - c..
worker  wood- starling
ant SqU|rreI

pecker
P . e, P A

wolf Sheep reindeer

queen cicada  Pike

- |L.a durata massimaaeiiE
L -, ﬁzs ' d vita € molto variabile nel

heron ~g60se gomestic COMON-  cagle  moose -
pigeon  mouth great gull  anaconda

Yy 2 W regno animale.
- @ . 3

cattle canary  cat dog

kangaroo

4°L v e no dei fattori che meglio
-~ ‘;Sm’f. o &5 e - O correla con la durata

-——— 5 — " massima della vitzRaiEn
60— > 65 -

=m0 determinato animale e la
oo — % resistenza delle sue cellule

)110
120 73 o Ultel cidies s
140 A

giant tortoise

B mammals birds  [JJl] other vertebrates [ invertebrates

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.)

© 2010 Encyclopadia Britannica, Inc.



| ONGEVITA E RESISTENZA ALLO
H R N

- Le cellule dei figli biologici
di centenari sono piu
resistenti allo stress
rispetto a quelle dei loro
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https://www.bu.edu/sph/news/articles/2018/children-of-centenarians-feel-stronger-sense-of-life-purpose/



GENETICA E LONGEVITA

| sopravvissuti:
Insorgenza di patologia
prima degli 80 anni

(42%)
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| temporeggiatori:

0.53 0.56
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Csurvivors [delayers M escapers

| Insorgenza di patologia
dopo gli 80 anni (45%)

0.23

110+

P S

| fuggitivi:
giungono a 100 anni
senza patologie
rilevanti (13%)

0.69



IMPARARE DAI CENTENARI

. Esistono delle varianti geniche Genetic Analysis Reveals a Longevity-Associated Protein
Modulating Endothelial Function and Angiogenesis

1 1 \
aSSOC | ate a‘ |O ngevrta Francesco Villa,* Albino Carrizzo,* Chiara C. Spinelli,* Anna Ferrario,* Alberto Malovini,
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ai portatori di evitare A rare genetic variant of BPIFB4

insorgenza di malattie legate predisposes to high blood pressure

allety. via impairment of nitric oxide
signaling
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EPIGENETICA E LONGEVITA

Table 1 | Chance of living to age 10( according
(directly from with permissic

Year of birth )
1931

1961 1C 5
1991 19 2

sirth year and sex

Fer ale (%)

5.1
16..
26.4

BLUE ZNEES

LOMA LINDA
CA,USA

§ RDINIA
TALY
OKINAWA
JAPAN

IKARIA
GREECE

Sebastiani, P. & Perls, T. T. The Genetics of Extreme Longevity: Lessons from the New England Centenarian Study. Frontiers Genetics 3, 277 (2012).



GENERALIZZAZIONE

L'invecchiamento e un processo legato ad alterazione della
regolazione dell'espressione genica nell’'eta avanzata:

1.iperfunzione di vie metaboliche biosintetiche;
2.ipofunzione di vie protettive.

Sia fattori genetici che fattori epigenetici modulano questo
DIrOCESSO.



COME INVECCHIAMO?



L PROBLEMA SONO | RADICALI LIBERI?




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 ED
OROLOGIO BIOLOGICO
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SEGNI DISTINTIVI DELL'INVECCHIAMENTO

Lopez-Otin, C., Blasco, M. A., Partridge, L., Serrano, M. & Kroemer, G. The Hallmarks of Aging. Cell 153, 1194-1217 (2013).



DANNO AL DNA

A
Exogenous Endogenous
damage damage
Chemicals, ROS, replication errors,
UV/IR radiation spontaneous reactions

X 4

DNA lesions

Telomere Base Adduct Interstrand Spindle Double-strand Telomere

.- Difetti nei meccanismi di
riparazione del DNA si il = el e N B

Emmw A ismnw

v —

aS SOCiaﬂO a Si nd romi Telomerase  BER  NER/TLS  HRNER/TLS SAC  HRNHES  MMR  Telomerase
L 1
progeroidi.

- Anche la formazione di danni
che possono essere riparati
lasciano delle “cicatrici”
epigenetiche nel DNA e e T L I
possono indurre alterazion it ik oo DY)
tipiche dell'invecchiamento.

15-years-old 25-years-old

DNA damage has been implicated in ageing, but direct evidence for a causal relationship is
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 PRO [EICO

"Life is an

equilibrium state
between synthesis
and degradation

of proteins.”

Yoshinori Ohsumi, 2016 Nobel Prize p Nobel

Prize

In Physiology or Medicine Beicne
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RES | RIZIONE CALORICATE
SENSORI DEI NUTRIENTI

The NEW ENGLAND JOURNAL of MEDICINE

by
I O N G O ‘3‘ ‘ REVIEW ARTICLE ‘

Dan L. Longo, M.D., Editor

......................

Effects of Intermittent Fasting on Health,
s DIETA Aging, and Disease

D E LLA Rafael de Cabo, Ph.D., and Mark P. Mattson, Ph.D.

Muscle
(myocyte)

LONGEVITA T

[ ATP production J
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1 Mitochondrial biogenesis
TAutophagy

ce'obac state —

FGF21  B-HBJ /
[ Liver ﬁ' Vasculature
(hepatocyte) P s

I mTOR pathway

e Improved performance
4 : 8 \X Stress resistance
\\/ —\)

Brain®
(neuron) [ BDNF signaling }

Dallo scienziato che ha rivoluzionato

la ricerca su staminali e invecchiamento,
la DIETA MIMA-DIGIUNO per vivere sani

Synaptic plasticity

fino a 110 anni

Neurogenesis

/P n( 7)) J
y adipocyte )e )
Intestine (adipocyte) Vil 9

Rolle, I. G. et al. Cell Senescence in Cardiac Repair and Failure. Curr Stem Cell Res T 15, 685-695 (2020).
Fontana, L. & Partridge, L. Promoting Health and Longevity through Diet: From Model Organisms to Humans. Cell 161, 106-118 (2015).




SENESCENZA CELLULARE
D 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, 777-791 (2020).



L’INVECCHIAMENTO E UNA
CONDIZIONE IRREVERSIBILE?



L ERADICAZIONE DI CELLULE
SENESCENTI RALLENTA
LUINVECCHIAMENTO NEL TOPO

NOT GIVEN ANTI-AGEING DRUGS GIVEN ANTI-AGEING DRUGS

O Lean

&
Glossy brown fur

Thinning hair ©

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;1-18.



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
DR]OCKERS com  of fisetin: In vitro evidences. Biomed Pharmacother 97, 928-940 (2018).

RCHARGE YOUR HEALTH



SPERIMENTAZIONE CLINICA

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

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 SU
CENTENARI

- BPIFB4 si riscontra ad alti livelli nel
blasma di soggetti longevi,

- [erapia genica o
supplementazione di BPIFB4 e in
grado di ridurre lo sviluppo di
aterosclerosi, di migliorare la
funzione cardiaca in animali
diabetici e di ridurre la fragilita d
animali senescenti.

- Ad oggi il trattamento e ancora
sperimentale e non e stato testato
nelluomo

www.aging-us.com

AGING 2019, Vol. 11, No. 16

Research Paper
LAV-BPIFB4 associates with reduced frailty in humans and its transfer

prevents frailty progression in old mice

Marco Malavolta?!, Serena Dato?, Francesco Villa®, Francesco De Rango? Francesca lannone?,
Anna Ferrario®, Anna Maciag?, Elena Ciaglia®, Antonio D'amato®, Albino Carrizzo®, Andrea Basso?,
Fiorenza Orlando®, Mauro Provinciali®®, Paolo Madeddu’, Giuseppe Passarino?, Carmine
Vecchione®*, Giuseppina Rose?", Annibale A. Puca®**
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TAKE HOME MESSAGE

L'invecchiamento ¢ un effetto
collaterale della selezione naturale,

Una quota minoritaria dei fattori che
portano all'invecchiamento sono
genetici,

Dalle Blue Zones abbiamo imparato |
FoNE

Dalla biologia molecolare abbiamo
imparato che dobbiamo mangiare meno,

Dalla biologia cellulare abbiamo
imparato che dobbiamo eliminare le
cellule senescenti,

Studiando i supercentenari potremmo
SCOprire nuove armi contro
invecchiamento.

Right Outlook

» Purpose Now
« Downshift

Eat Wisely
« 80% Rule
« Plant Slant
«Wine@5

Belong
« Right Tribe
« Community
 Loved Ones First
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NVECCHIAMENTO IN
SALUTE

 La Mission di BINSA e: sostenere ricerche biomediche, incluse
quelle genetiche, finalizzate ad avanzare le conoscenze
sull'invecchiamento in stato di salute (Healthy Ageing) e sulle
malattie legate all'eta, sviluppando ed utilizzando approcci multi-
omici (Genomica, Trascrittomica, Proteomica e Metabolomica, etc.)
e di intelligenza artificiale.
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