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La Gerontologia include ricercatori nel campo della
biologia,

medicina,

infermieristica,

riabilitazione,

farmacologia,

odontoiatria,

economia e scienze politiche,
psichiatria e psicologia,
sociologia e assistenza sociale,
architettura,

salute pubblica,

antropologia

La Biogerontologia € un una sotto-area essenziale:

* studiai cambiamenti fisici, mentali e sociali nelle persone che invecchiano

* indaga l'invecchiamento cellulare, d’organo e sistemico

* elabora approcci per modulare i processi molecolari alla base dei
cambiamenti negativi legati all’invecchiamento e per contrastare le malattie
eta-dipendenti
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Il termine GERONTOLOGIA ¢ stato coniato da Elie Metchnikoff nel 1903.

James Birren (1940) inizia a organizzarla e nel 1945 viene fondata la
Societa Americana di Gerontologia.

Nel 1965 nasce il primo centro per lo studio dell’invecchiamento: Andrus
Center of Gerontology (USC) dell’Universita della California del Sud

Gli studi longitudinali di Baltimora sull'invecchiamento iniziano nel 1958,
studiano i cambiamenti fisiologici in uomini sani di mezza eta e in anziani
che vivono in comunita, testando ogni due anni numerosi parametri
fisiologici.

Da allora gli istituti di Gerontologia si sono moltiplicati anche in Europa
(Insitute of Gerontology, J6nkoping University, Svezia, 1975 -

King’s College London, UK, 1986 -

European center of Gerontology Malta, 1989 -

Danish Institute of Gerontology, Danimarca, 1989 -

Oxford University, UK, 2001 -

German Centre of Gerontology , Berlino, D, 2001 )

ma non in Italia




E in Italia?

La SIGG ha sempre considerato la Bio-Gerontologia
come necessaria, ma ospite, anche se, molti dei suoi
ricercatori ne utilizzano gli strumenti

Molto lavoro prodotto da scienziati di base (biologi,
patologi generali, biochimici, ...)

Assenza di veri centri di Biogerontologia (master, corsi,
congressi, ... )
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Figure 1. Schematic model of the types of autophagy in mammalian cells.
Internalization of complete regions of cytosol first into autophagosomes that then fuse
with lysosomes (macroautophagy), or directly by the lysosomal membrane (microautophagy)
contrast with the selective uptake on a molecule-by-molecule basis of cytosolic proteins
via chaperone-mediated autophagy.

Bergamini E, 2007

Loss of control of
autophagy functioning

E. Bergamini, PISA

Meccanismo anti-invecchiamento della
restrizione calorica attraverso 'autofagia
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FIGURE 1. Alternation of fast and feeding-time may enhance turnover rate and rejuvenate cellsin calorie-restricted rats,



80HdG (ng/mg creatinine)

Age (months)

Fig. 3 Effects of the induc-
tion of autophagy by DMP
administration and of sup-
pression by glucose on uri-
nary 80OHAG. Glucose (1 g/
kg body weight) was admin-
istered after first DMP injec-
tion. Results represent the
mean + SEM of five cases.
Two-way ANOVA statistical
analysis (nutritional statex
DMP): nutritional state main
effect, p<0.0001; DMP
main effect, p<0.0001; nu-
tritional state by DMP in-
teraction, p<0.0001

80HdG (ng/mg creatinine)

Recupero dell’autofagia da restrizione
calorica e

Incremento 8 OHAG urinaria come indice
di rinnovo mitocondriale

¥ saline

fasted+glucose

nutritional state
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24-h heart rate variability, ms

Age, years

Fig. 1 Mean heart rate variability (HRV) in caloric restriction (CR) (age,

51.5 + 10.8 years)and Westem diets (WD) (age, 52 + 8.9 years) comparedwith
previously published age-related norms. Curvesshow age-related norms for 24-h
standard deviation of normal-to-normal {N-N)intervals in ms {SDNN), 24-h SD of 5-
min-averaged N-N intervals (SDANN), 24-h average of SD of 5-min N-N intervals
(SDNNIDX), and root mean square successive difference of N-N intervals in ms
(rMSSD) (Umetani et al., 1998). Mean CR HRV values are indicated by filled
diamonds and mean WD values by filled circles. See Table 2 legend for HRV

definitions.

Fontana L, 2012
Washington University (S.Louis)

La restrizione calorica (7 aa.)
migliora il profilo del rischio
CV (HRV) e la probabilita di
morte in soggetti adulti
(effetto antiaging in vivo)
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Baseline _
1y Placebo -~ 1 A DHEA Group Placebo Groap
TNF-o. pgml
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Fontana L, 2011

Figure 3. Oral glucose tolerance test results for subjects with abnormal glucose tolerance at
baseline. The reduction in the glucose area under the curve (AUC) in the DHEA group (panel C)
was significantly greater than that for the placebo group (panel A, p=0.03). Changes in insulin area
under the curve did not differ between groups (panels B and D, p=0.52). Improvements in the
glucose area under the curve were maintained in a subset of DHEA group participants who
underwent a second year of DHEA supplementation (panel E). *p<0.05 for baseline versus DHEA.
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Figure 4,

SIRT1-KO mice show spatial learming and memory impairment

A, Success of SIRT1-KO mice (n = 5, open) to find the escape box in the Bames maze was
lower than for WT mice (n= 6, * p < 0.001, solid). B, Latency to find the escape box
significantly decreased in WT mice compared to SIRT1-KO (* p < 0.001). € Number of
total errors and D, Deviations from the first error (* p < 0.001) were both higher in SIRT1-
KO mice than WT mice. Search strategy of £, WT and F, SIRT1-KO muce (seral strategy:
vellow, spatial strategy: green and random strategy: red). Data represent means = SEM
Stanstical significance values correspond to the differences between curves analyzed all
over the acquisition phase. Asterisks show the days with statistical significance of p < 0.05
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SIRT1 e presente nei neuroni

Nei topi KO per Sirt1 dimostra che la sua
attivita e indispensabile per il normale
apprendimento, la memoria e la plasticita
sinaptica

Michan S, 2010
Longo VD
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~ La delezione dei geni che regolano
autofagia, vacuolar protein sorting, e la
aspirazione mitocondriale riducono la
opravvivenza; la delezione di geni legati
lla sintesi e al trasporto di FFA, al cell
ignaling, alla metilazione del tRNA
llungano la sopravvivenza. Conservati
elle specie: nuovi indicatori dal lievito

.~

Longo V, 2011

Deficit congenito in
GHR e IGF-1 conduce a
una minore incidenza
di diabete e insulino-
resistenza e di cancro
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d)
Young controls

Cenlenanans'
offspring

Fig. 2 Aging-associated DNA methylation profile. Venn diagram
(a) shows the number of CpG loci significantly hyper- and hypo-
methylated in centenarians, centenarians’ offspring, and offspning
of non-long-lived parents vs young controls. Distribution of
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average (AVG) 7 methylation values of CpG sites over the 709
age-hypermethylated (b) and 330 age-hypomethylated (¢) loct in
enrolled populations. Heat map of age-hypermeth viated genes (d)
and age-hypomethylated genes {e) in the enrolled populations

a h C  *p<0.001 vs Young controks
*p<0.001 vs Young controls *p< 0.05 vs Young controls **p<0.001 vs Centenarians’ offspring
**p< 0.05 vs Offspring of non long-lived parents **p<0.05 vs Centenarians’ offspring ***p<0.001 vs Offspring of non long-fived parents
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Fig. 1 Global DNA methylation (a) and Alu methylation (b) in
DNA extracted from peripheral leukocytes of young women
(n=21), female centenarians’ offspring (n=21), female offspring
of both non-long-lived parents (n=21), and female centenarians

(n=21). Distribution of average (AV'G) 3 methylation values of
CpG sites localized in non-CpG islands (¢) in enrolled popula
tions, evaluated by genome-wide array

- Perdita di metilazione del DNA durante
- Pinvecchiamento, ma nei figli di centenari il
fenomeno é rallentato

Ipermetilazione del DNA e presente nei
centenari in geni coinvolti nello sviluppo di
organi e nella regolazione della
trascrizione (cromosomi 5,7,8,13,18)

Ipometilazione del DNA ¢ presente nei
centenari in geni coinvolti nella traduzione
del segnale, nell’inflammazione e nella
difesa dai batteri (cromosomi 1, 20)

Gentilini D, 2012 |
(Franceschi C- Mari D)




Table 4
Conditions associated with the presence or absence of digalactosylated or agalacto-

sylated N-glycan structures.
\ @) )

Conditions Aé"
Human conditions

Age below 60 High Low
Age above 80 Low High
Age above 90 {centenarians) Very low Very high
Offspring of centenarians High Low
Cockaine syndrome Low High
Wemer syndrome Low High
RA and various inflammatory diseases Low High
Some epithelial cancers Low High
Pregnancy High Low
Animal models

Young mice High Low
Old mice Low High
Mice under caloric restriction High Low
Arthritis in MLR-11pr/ipr mice Low High

For simplicity, it was reported only one digalactosylated N-glycan structure, with or
without core-linked fucose {left) and one agalactosylated structure with or without
core-linked fucose and bisecting GIcNAc (right). The monosacchanide composition
of the two N-linked chains is explained in Fig. 1.
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La eccessiva crescita di glicosilazione
enzimatica (n-glycome, zucchero legato
all’asparagina) € proposto come nuovo
marcatore di invecchiamento

Regola infiammazione, risposta
immunitaria e vie metaboliche

Dall’Oglio F, 2012
(Franceschi C)

Gli enterociti hanno sistemi di riconoscimento
dei batteri e rispondono strategicamente sulla
base della carica con citochine, risposte
immunitarie, IGA secretorie, ecc
Invecchiamento compromette una risposta
“propozionata” e si sposta verso
un’inflammazione cronica

Biagi E, 2012
Franceschi C



miR21 & maggiormente espresso e in piu alta concentrazione nel
gruppo >70 anni, regola I’espressione del recettore per TGFbeta

66-95
Age (years)

Relative Expression of miR=21 (a.u)

MiR-21

. s S
Olivieri F, 2012
TGF-PR2 mRNA Franceschi C

o L - -
20-30 5. 8§ >98

Age (yrs)

Fig. 9. The expression of miR-21 and TGF-BR2 mRNA in the leukocytes of young

subjects, dd subjects and centenarians The levelsof miR-21 and TGF-BR2 mRNAin

. the leukocytes of 5 individuals aged 20-30 years, 5 individuaks aged 75-85 years

66-95 and 5 centenarians. The data were nomalized against B-actin levek and are
Aae (vears) reported as the mean value 4 SD.

Relative expression (a.u.)

&

miR-21 copy number per mL of plasma

Rg. 5. Greulating miR-21 expression In the CTR subjects (stratified by age group).
(a) The relative expression of drculating miR-21. *p < 0.05 vs. <65years. The
relative expression of miR-21 was cakulated using the ollowing equation:2 <" in
which ACt=CtmiR-21 — Ct miR-17-5p. (b) The absdute expression of circulating
miR-21. "p<0.05 w. <65years, *p <005 vs. <66-95years. The absolute
concentration of miR-21 (expressed as the “number of molecules per ml of
plasma”) was determined by diluting known input quantities of synthetic miR-21.
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Anticorpi circolanti anti Abeta piu alti nei
soggetti con MCl- che evolveranno verso AD

Storace D, 2010

Dissociated Ab, Artitrary OD

Stable aMCI aMCi-AD

Table 3
The top 10 variables with their input relevance
e - 334 In un sistema di valutazione del rischio di AD,
HOMA? 27 4 analizzato con ANN, i fattori metabolici sono i

Female 18 8 principali predittori di AD
ApoE =£3/c4 18.7
Attentional matrices 16.7

157

150 1

o Odetti P

117

116
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Mecocci P Mangialasche F, 2012

spressione genica in cellule del sangue in MCl e Bassi livelli di tocoferoli e tocotrienoli sono
D dimostra che esiste una reazione cellulare presenti sia nei soggetti con MCl che in quelli con

eriferica alla patologia

AD

Forte evidenza che esista una disfunzione Avrebbero effetto protettivo sul SNC e averli bassi
litocondriale (riduzione espressione complessi ha significato predittivo per decadimento

cognitivo

Itre: immunologiche, metaboliche,

ascrizionali, ...




A. Cocclolo er al / Free Radical Biology and Medicine 53 (2012) 1868-1876
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Fig.4. Hp f<chain oxidation fold At the top an enlarged area of 2D blot from each group, CTR, MCl, and AD, ks shown corresponding to the Hp train of spots. The Hp B-chain
spot identified as differentially oxidized in the three groups is labeled. 3D density graphs were elaborated by PDQuest from the Hp spot on the 2D blot. Atthe bottom the
histogram reports both expression levels and oxidation fold for Hp £ chain (data obtained from proteomics and redox proteomics approaches)

Cocciolo A, 2012
Mecocci P

"aptoglobina in corso di MCl o AD perde la sua funzione di proteina chaperon per
riduzione della sintesi o perché ossidata
Non riesce a inibire la formazione di fibrille Abeta
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Fig. 1: Hypothetical mechanism of IP-induced cardioprotection (see text for details). (A) Ischemsc
preconditiomng  phase: NE=Norepmephnne: UCN=Urocortins: ANP=Amal Natruretic Peptide; BNP=Bram
Natruretic Peptide; GPCR=G-protein coupled recepior. NPR. natnmretic peptide receptor. PI3K=Phosphatydil-
mositol 3 kmase: Akt=serine/threonine kinase; senne/threonine kmnase eNOS=endothelial Nitnc Oxide Synthase:
NO=Nitnc Oxide;: sGC=soluble Guanylate Cyclase: GMP=Guanosine MonoPhosphate: pGC=particulate Guanylate
Cyclase; PKG=Protemn Kinase G: PKC=Protem Kimnase C;: Cx43=Connexin 43: K ;ip=Mitochondnal potasstum ATP-
dependent channels: ROS=Reactive Oxygen Species; MPTP=Mitochondnal Permeability Transition Pore: p38=p38
mitogen-activated protem kinase. (B) Reperfusion Injury Salvage Kinase (RISK): IGF-1. mnsulin-hike growth factor:
FGF-2. fibroblast growth factor 2; GFR=Growth Factor Receptor, ERK=extracellular regulated kinase: P70S6K=p70
nibosomal S6 protemn kinase; GSK3B=glycogen synthase kinase 3beta In (A). the numbers i squares indicate the
age-related IP mmpairment sites: 1=Abete 2t al., 1996; 2=Tam et al.. 2001: 3=Fenton et al.. 2005; 4=Boengler et al .
2007 (with permssion. Abete P et al . 2010) [56].

SCHEMIC PRECONDITIONNG

et P

PREINFARCTION ANGINA

uf haseline)

LVDF 1%

Mo AnpaTu

L L.N.

30 [ LUREE] PASE »30
aM 1504

Fig. 4: The restorstacn of the sge-rolated of IP by exercise sasmng and calone sessicnos w S wolsied
nod perfused oot Beart is dhoun = paoel A Bar graphs show e recovery of Jefl ventrscular developed
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anad e effect was more evadent in hemets froes trined- and food-restracted 1y (-0 001 va. Consol)
The preservamon of the age-related reducton of the cadio-prosective effect of premfarchion segina. »
chmcal equivalest of [P, by phywical activity evalusted by Physical Actmty Scale for @e Elderdy
(PASE) scoss amd by o nocmial body-mass sdex (BMI) s shown s B Bar graphs show dan n-bospitad
momality percensage wis semdar = elderly panents wuloot sod welb prewnfarcnca seguua but i was
Sower in eldesly patsest wnd peesnfarchon angasa wuth kegh PASE score (~90) and socsal BMI (19-24)
("9 0.05 va_ all patiesss) Thus effect was more evidest in elderly patients with the haghess PASE (+90)
wod the pormad BMI (19-24) (*p=0.0) vy all paneces) (with pensassion. Abete P o1 2l 2010) [56]

Precondizionamento ischemico si
riduce con I’eta, ma il complesso
meccanismo si puo riattivare con la
restrizione calorica e con I’esercizio
fisico (e ancora con pil efficienza
con entrambi)

Abete P, 2011
Rengo F
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Il propeptide IGF1 e
implicata nella
protezione cardiaca
inducendo
I’espressione di Sirt1
(deacetilasi)

Inibendo lo stress
ossidativo legato allo
scompenso cardiaco in
eta avanzata

Vinciguerra M, 2012

Rosenthal N
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Fig. 5 Crons<pecies andyss of Nothobeanchius furteri LG 9 G0 eMand medata
Che 5 GnMEE. The red bie on the right of LG 9 represents the 95% confidence
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Fig. 2 Survivorship of cross ABand GRZ (n = 27, blue) and MZM-0403 (n = 19,
black), as estimated by Kaplan-Meyer analysis. F, progeny (n = 24) is given in
green; F, (n = 310) progeny is shown in red. The mean and maximum lifespans of
GRZ and MZM-0403 were significantly different (P < 0.001, log-rank test). The F,
progeny showed an intermediate and significantly different lifespan compared with
both parental strains (P < 0.001). The F, offspring had a longer mean and
maximum lifespan than GRZ and F, progeny, but less compared with MZM-0403,
and wassignificantly different only from GRZ (P < 0.001).

ea di ricerca su modelli genetici di controllo della longevita

Kirschner J,2012
Cellerino A




Table 2. Effect of zinc supplementation in the eidery in accordance with genatic background and zinc status

Parameter

Effect of the zinc
supple mentaton

General causes of variabilty observed

chemokines™

Immune functions'™

Jak/Stat signalling and
immunomodulation! =5

T celis subsets™

Plasma zinc

Plasma zinc/albumin

Labile intracellular zinc

MT

Nitric oxde-induced release of zinc
Granulocyte zinc

MT glutathionylation

Poly(A DP-ribosyljation capacty

Reactive axygen species production
ApoJ plasma

Genes inoived in nitrosative stress (ATF2, CSF2, FOS, ICAM1, JUN, LTA,

CCL2, SELE, VCAM1, inducible nitric oxide synthase, TNF and NFxB1)
Total intracellular carbonyl levels
MsR adtivity and protein expression
Chymotrypsin-ike peptidass activity of proteasome and 20S protsin
expression
Chaperone (heat-shock protein 72) protein levels
Chaperone (heat-shock protein 72) inducibility

T-cell receptor excision circles

Telomere jength

Early spontaneous apoptosis

Late apoptosis

Oxidative stress-induced apoptosis
dRb-induced apoptosis

Cell cyce

IL-6, IL-8 and MIP-1ax

during spontansous and

MCP-1 and RANTES

NK lyfic activity

Basal IFN-y, IL-8, IL- 1ra and IL-6 production

Basal IL-10 and TNF-ax production

Stimulated IFN-y, IL-6, TNFx, IL-1ra and IL-10 production
IL-2 and IL-6 STAT3 and STATS actvation
Activation-induced cell death

Cytokines and metabolic & exprassion rasponse to zinc
Activated T cells (CD3+CD25+)

CD4:CD8

Frequencies of CMV-spedfic cells

-

33-3

- -
- |

=

= 44
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Plasma zinc levels befors supp ton, i y status, country
(dietary habits), IL-6 —174 and MT1A +647 polymorphisms

Plasma zinc levels bafore supp fion, infl y status, country
(distary habits), IL-6 —174 and MT1A + 8647 polymorphism

IL-§ — 174 polymorphism, country (dietary habits)

IL-6 — 174 and MT1A +647 polymorphisms, country (dietary habits),

IL-6 — 174 polymorphism, country of origin {dietary habits)

IL-6 — 174 polymorphism, country (dietary habits)

and i

Plasma zinc levels before of plasma zinc
after supplementation

Plasma zinc levels before supplementation, age of donors

IL-6 — 174 polymorphism, country (dietary habits)

Country (dietary habits)

;qe. gender, country (dietary habits), plasma znc at bassline
Country (dietary habits)
P53 codon 72 polymaorphism

Gender, country (dietary habits), plasma zinc at bassline, IL-6 — 174 and
MT1A +8647 polymorphism

Gender, country (dietary habits), plasma zinc at baseline, IL-6 — 174 and
MT1A +647 polymorphism

Age of donors, basal zinc status
Age of donors, basal zinc status
Age, gender and IL-6 - 174 and MT1A + 647 polymorphism

NERERTIRETRR e |

MT, ATF2, factor 2, CSF2, oo&onys'nmnglmz ICAML, mer«:m 1,LTA, , CCL2, (C-C motf) bgand 2; SELE, E-selectin;
VCAMT, cell 1, MsR, SO0, dRib, Z-Oeay-o-mose MIP- 1, macrophage nﬂsmmauy proein 1¢ MCP-1, monocyie
chemotactic proten-1; RANTES, reguiated upon activaton nomal T-cell ; CMV, cy o = srongly T= —=not - T = stighty at
jeast in some sub-groups, T1 = great mer-indvidual varabity.

and

Animali con metallotionine iperespresse (antiossidanti) non vivono molto
piti a lungo se non in un ambiente arricchito di zinco,

Mocchegiani E, 2010
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b. Nei soggetti anziani a. Nell’animale esiste con
fragili € aumentato lo I’invecchiamento un danno del
T stress ossidativo come mitocondri con aumento dello
evidenziato dagli addotti stress ossidativo
MDA e HNE, dal rapporto
b 1 . GSSG/GSH e
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® Basal Conditions  #*H,0,0.ImM  ®H,0, 1.0 mM

Ij-

Cellule cybrid J piu protette da stress ossidativo

1.0 1

Table 4. Estimation of haplotype frequencies in the UCPs
SNPs and association with longevity in the analyzed sample.

Gene SNPs Freq® P-value®
UCP2-UCP3 15660339 rs659366 1515763

[3BTK  Rho

Flg. L mRNA leveks of the SIRT3 gene measured in 143B.TK™, Rho® and cybrid cell lines
at both basal and stress conditions. These levels are reported as the mean of Relative
Quantification values (RQ), measured in three Independent triplicate experiments
with standard emmor mean (SEM )

b e B I I o T o B o I
[y T Y T N 3 B ) T
= - n A S = [ M

D’aquila P., 2012

rs15763 rs1800849

C C
T [
C T

Passarino G.

*Estimated haplotype frequency.

"Monte-Carlo p-value from 10° replications.

Rose G 201 1 Maote: p-values of global score statistics based on 10* replications were 0,047 for
) UCP2-UCPE haplotypes, 0.0028 for MCP3 haplotypes.

doi:10.1371/joumal pone. 00296501004

Mutazioni del mtDNA possono
modificare la longevita delle cellule
Aplotipo CAC <

Aplotipo TGT >







