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LIFE EXPECTANCY

homo sapiens life expectancy at birth < 30 years

In Italy in the last 4 generations

From 43y (F) 40y (M)
To 85y (F) 81y (M)

in 2050 >85y about 6.000.000



LIFE EXPECTANCY AND PATHOLOGIES
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Pathologies seen in the elderly

Aged Individuals have:

Increased incidence of INFECTIONS:

pneumonia, influenza, meningitis, urinary tract infections
Increased incidence of AUTOIMMUNE DISEASE:

rheumatoid arthritis, lupus, hepatitis, multiple sclerosis
Increased incidence of CANCER:

prostate, breast, lung, colon/, bladder, skin, leukemia, pancreas
Increased incidence of METABOLIC CONDITIONS:

hypertension, diabetes, congestive hart failure
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Fig. 1. Summary of major changes reported for human immunosenescence,
D, dendritic cell; MHC, major histocompatibility complex; TLR, Toll-like receptors; NK, natural killer; Th, helper T cell; TCR, T-cell receptor; Treg, regulatory T cell.



The immune system in the elderly: the functions and parameters which
change during aging

Change in T-cell subpopulations
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Thymic involution

Copyright @ The McGraw-Hill Companies, Inc. Permission required far reproduction or display.
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The immune system in the elderly: the functions and parameters which

change during aging
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Changes in cytokines production in aging, an
extremely complex phenomenon:
Inflammaging

A chronic and smouldering inflammation that
characterizes aging and, when excessive, is associated
with “accelerated, unhealthy aging”




BALANCE BETWEEN INFLAMMAGING AND ANTI-INFLAMMAGING

Arch. Immunol. Ther. Exp.
DOI 10.1007/s00005-015-0377-3
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i Pro-Inflammatory cytokines: IL-1,IL-2, IL-6, [L-12,IL-15, IL-18, IL-22, IL-23, TNF -a, IFN-y
i Lnti-InMammatory cytokines: [L-1 Ra, IL-4, IL-10, HSP, Lipoxin A4, TGF-p1

The “weight” of pro and
anti-inflammatory
cytokines in aging and
longevity.

|

Pro-inflammatory
cytokines= frailty, age-
related diseases, reduced
life expectancy.

Balance between pro-and
anti-inflammatory
cytokines= adaptation to
the conditions of life,
avoidance or delayed
onset of diseases,
longevity
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Hormonal changes

Mitochondrial dysfunction Redox stress hypothesis  Senescent cells /
/ Epigenetic mechanisms
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From: Chronic Inflammation: Accelerator of Biological Aging
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CMV GENOME (COPIES/ML) IN YOUNG AND IN ELDERLY INDIVIDUALS
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http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0180841

Systemic and tissue-specific consequences of CMV latency,
micro-reactivation and full reactivation.
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OXIDATIVE STRESS

Lo stress ossidativo e lo squilibrio tra la
formazione di specie reattive dell'ossigeno
(ROS) e I'attivita dei sistemi antiossidanti che
risulta in danni alle cellule ed ai tessuti



I ROS sono un sottoprodotto di diverse vie
metaboliche. Sono essenziali per varie
funzioni biologiche (crescita, proliferazione e
differenziamento cellulare)

Attivita dei ROS e controllata dai sistemi
antiossidanti cellulari

Alterazioni del bilancio ROS/sistemi
antiossidanti portano a sviluppo di
infiammazione e si associano a humerose
patologie



Come sono connessi ROS e infiammazione?

ROS attivano l'inflammasoma




FIGURE 1| General schema descrbing the process of activation
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New mitochondrial DNA synthesis enables NLRP3
inflammasome activation

1. Sensing a foreign agent increases the levels of CMPK2 in macrophages
2. CMPK2 drives DNA synthesis by mitochondria (mtDNA)
3. mtDNA is oxidated in the presence of ROS

4. Oxydated mtDNA activates the NLRP3 inflammasome

Nature: 560,198-203 (2018)
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Figure 1 | Newly synthesized oxidized
mitochondrial DNA triggers inflammasome
activation. The inflammasome is a multiprotein
complex that has a key role in generating a defence
response and is found in immune cells such as
macrophages. How inflammasomes that contain
the protein NLRP3 are activated was not fully
understood. Zhong et al.' studied inflammasome
activation in mice and report that, when
macrophages sense a foreign molecular cue, levels
of the enzyme CMPK2 increase. CMPK2 localizes
to an organelle called a mitochondrion and drives
an increase in the levels of the nucleotide cytidine
triphosphate (CTP). This event is linked to synthesis
of mitochondrial DNA, and this freshly generated
DMA is thought to be oxidized (O denotes
oxidized DNA) by reactive oxygen species (ROS).
The authors find that oxidized DINA exits the
mitochondrion, binds to the NLRP3-containing
inflammasome and activates it. This leads to the
production of inflammatory proteins such as IL-1p.



A role for gut alterations in
inflammaging?
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Altered gut permeability and inflammaging
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A role for alterations of the microbiota
in inflammaging?
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http://www.elsevier.com/termsandconditions

Proteobacteria support inflammation via a number
of mechanisms including:

1. the activation of the NLRP3 inflammasome,
2. the down regulation of IL-10 production,
3. the impairment of Treg activity and
4. the stimulation of TH17 differentiation



Multiple possible causes, one outcome:
(unhealthy) aging is associated with a
smouldering, chronic degree of inflammation



Fig. 2. The major possible endogenous sources of inflaimmaging and anti-
inflammaging combined to lifestyle, nutrition, gut microbiota and its metabolites
impinge lifelong to our organism. The theory assumes that an excessive stimula-
tion of pro-inflammatory pathways and an ineffective anti-inflammatory response
constitute a driving force for the development of disability/frailty and age-related
diseases. On the contrary, the achieving of successful aging and longevity is deter-
mined by a lower propensity to mount inflammatory response that should be
combined to efficient anti- inflammatory network.



A role for genetics in aging?



Suppression of Aging in Mice by the Hormone
Klotho

H KUROSU, et al SCIENCE 309:1829-1833 (2005) doi: 10.1126/science.1112766

The aging-suppressor gene klotho encodes a
transmembrane protein that in mice extends life span
when overexpressed and resemble accelerated aging when
expression is disrupted


https://www.science.org/doi/10.1126/science.1112766#con1
https://doi.org/10.1126/science.1112766
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Kaplan—Meier plots of all-cause mortality by tertiles of plasma klotho (p =.0005)
In adults 65 to 80 years and in those > 80 years the lowest and middle tertiles of plasma klotho
were associated with all-cause mortality compared with the upper tertile
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J Gerontol A Biol Sci Med Sci, Volume 66A, Issue 7, July 2011, Pages 794—800, https://doi.org/10.1093/gerona/glr058



https://doi.org/10.1093/gerona/glr058

Scatterplot of plasma klotho versus age, with linear regression line (p =.001)
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Does KLOTHO have a role in healthy aging?



Longevity factor klotho enhances cognition in aged nonhuman primates

Nature Aging 3, 931-937 (2022)
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https://www.nature.com/nataging

Klotho induces platelet activation in the blood
Nature Aging volume 4, pages 341-347 (2023)
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Platelet factors attenuate inflammation and rescue
cognition in ageing

AB Schroer et al, Nature https://doi.orq/10.1038/s41586-023-06436-3 (2023)
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Significant improvement of object recognition memory, associative memory,
learning and working memory.




What can we do?

III

 “Behavioural” approaches
* Drug therapies

e Modification of the microbiota
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F. Oliviert et al. f Mechanisms of Ageing and Development 165 (2017) 162-170
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Fig. 2. Trend of circulating miR-21-5p levels: the deviation from a healthy [green) to a non-healthy (red) condition can be monitored by circulating miR-21-5p levels, The
figure presents circulating miR-21-5p levels in healthy subjects of different age and in groups of patients suffering from the most common age-related diseases (metabolic
syndrome, T2DM, CVDY, (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article,)



TABLE 1. SOME REPORTED INTERVENTIONAL STRATEGIES AIMED AT INCREASING LIFE SPAN

Factor Organism/cell origin Life span extension (yes/no)
Exercise Mus musculus No
Rattus norvegicus Yes
Heat shock Caenorhabditis elegans Yes
Drosophila melanogaster Yes
Mild repeated heat shock Human cells No
Vitamin C Human cells Yes
Tea extract D. melanogaster Yes
N-acetyl cysteine D. melanogaster Yes
N-t-butyl hydroxylamine Human cells Yes
Resveratrol Saccharomyces cereviseae Yes
Rapamycin Outbred mice Yes
Spermidine Human peripheral blood mononuclear cell Yes
Caloric restriction M. musculus Yes
Homo sapiens Not assessed

Ponnappan S et al, Antioxidants & Redox Signaling 2011
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Fig. 1. Study overview: the gut-brain and gut-muscle axes. LPS, lipopolysaccharide; SCFAs, short-chain fatty acids.
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* Drug therapies
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Varicella-zoster vaccination: effects of p38 MAPK inhibition
GRAFHICAL ABSTRACT
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Rapamicine (an mTOR inhibitor) improves immune
reponses to vaccines in elderly individuals.

Clinical trials based on mTOR inhibitors in humans and in

d OgS (Nature; 552:5s57; Dec 2017)
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TORC1 inhibition enhances immune function and rohts reserved

reduces infections in the elderly Amesican Associaton

for the Advancement

Joan B. Mannick'#", Melody Morris', Hans-Ulrich P. Hockey?, Guglielmo Roma?, Martin Beibel?, :z;i;'i‘:;'::daim

Kenneth Kulmatycki', Mollie Watkins', Tea Shavlakadze', Weihua Zhou', Dean Quinn*, Covermment Works
David J. Glass’, Lloyd B. Klickstein'*

Inhibition of the mechanistic target of rapamycin (mTOR) protein kinase extends life span and ameliorates aging-
related pathologies including declining immune function in model organisms. The objective of this phase 2a
randomized, placebo-controlled clinical trial was to determine whether low-dose mTOR inhibitor therapy enhanced
immune function and decreased infection rates in 264 elderly subjects given the study drugs for 6 weeks. A low-dose
combination of a catalytic (BEZ235) plus an allosteric (RAD001) mTOR inhibitor that selectively inhibits target of
rapamycin complex 1 (TORC1) downstream of mTOR was safe and was associated with a significant (P = 0.001)
decrease in the rate of infections reported by elderly subjects for a year after study drug initiation. In addition, we
observed an up-regulation of antiviral gene expression and an improvement in the response to influenza vaccination
in this treatment group. Thus, selective TORC1 inhibition has the potential to improve immune function and reduce
infections in the elderly.
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What can we do?

e Modification of the microbiota



How to modify the microbiota
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CALORIE PHYSICAL MICROBIOTA PROBIOTICS
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Fig. 2 Schematic representation of potentiz] pathways to extend homan healthspan by gut microbiota modulation.



Prebiotics tested for preventing or delaying the gut-related diseases

in elderly
Abbreviation Prebiotics name References
MOS Mannooligosaccharides [113, 114]
GOS Galactooligosaccharides [113, 114]
- inulin [115]
- Lactulose [115]
FOS Fructo-oligosaccharides [117. 118]
POS Pectic-oligosaccharides [117. 118]
X085 Xylooligosaccharides [119]
TOS Transgalactosylatedoligosaccharides [120]

Kumar M et al, Nutrition and Healthy Aging 2016



Fecal transplantation of the microbiota of a young fish into middle aged fish
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Conclusions

A number of reasons (improved sanitary conditions,
vaccinations, better health care, etc) explain why worldwide
population is getting older

Aging is associated with complex alterations of the immune
system and changes in the composition of the microbiota

A persistent and smouldering degree of inflammation
accompains aging and could be responsible for “unhealthy
aging”

Nutritional and pharmacological interventions, as well as

stategies targeting the microbiota are currently investigated
in the attempt to achieve “healthy aging”



Non vivere bonum est,
sed bene vivere

Seneca, Lettere a Lucilio (ep. 70, 4)



https://it.wikipedia.org/wiki/Lucio_Anneo_Seneca#Le_Epistole_a_Lucilio:_la_lettera_filosofica_come_genere_letterario

In interiore homine habitat salus

Sant’ Agostino
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FIGURE 1

Inflammaaging and its clinical impact. Over time, endogenous or exogenous chronic immune stimulation leads to an increase in the pro-
inflammatory tone characteristic of inflammaging. The metabolic consequence of this pro-inflammatory state is the biochemical imbalance that
culminates in loss of strength, loss of performance and loss of functionality. While the figure summarizes the impact of inflammation on frailty, it
is iImportant to note that frailty is also influenced by sociodemeographic risk factors.
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FIGURE 2

The effect of chronic infection by cytomegalovirus at the remodeling of the immune response with age. The CMV infection can dramatically
decrease the T cell repertoire, narrowing the range of new pathogenic bioagents that can be recognized by the immune response. Furthermore,
the presence of CMV DNA in peripheral blood monocytes was longitudinally associated with higher serum levels of IL-6, suggesting shift in
favor of the Thl immune response. Each cycle of viral reactivation generates a subset of CMV-specific COB+ T cells. It causes these terminally
differentiated lymphocytes to be overrepresented in immune systern (memory inflation). It is also possible that T cells chronically infected with

CMV have shortened telomeres, which limits the lifetime these cells are available for an immune response.




JAPAN'S SUPER-AGED SOCIETY

Japan's demographics are changing rapidly, creating a top-heavy
pyramid with more older people than younger people.

«— Male | Female —
100+ :

90-94

80-84
70-74

60-64

40-44
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20-24
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0-4 _ _ . .
6 4 2 0 2 4

+orojected data Population (millions of people)
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Fig.3|Systemic PF4 restores the ageing peripheral immune system toa
maore youthful state. a, The timeline of HDTVI1 of expression constructs to
aged (20 months) male mice. b, Luminescence-based quantification of
PF4-HiBiT in aged mice after HDTVI (r =3 (GFP)and 4 (PF4-HiBiT) mice).

¢, The timeline of saline or FF4 administration to young (3 months) and aged
male mice. d-f, Juantification of plasma levels of CCL2 (d; n =9 (young, saline},
25 (aged. saline) and 17 (aged, PF4) mice) and TNF (e; n = 11 {young, saline),

27 {aged, saline) and 19 {aged, FF4) mice) by ELISA and CyPA (f; r =9 (young, saling),
10 (aged, saline} and 10 {(zged, PF4) mice) by western blotting. g-p, CITE-s2q
analysis of splenocytes from young and aged saline-treated controls, and aged
PF4-treated mice (m = 5 pocled mice per group). g, Combined two-dimensional
visualizationof single-cell clusters. DL, dendritic cell; ME, natural killer cells;
NET, natural killer T cells; T, Teffector memory cells; T, T helper cells;

Toeg, regulatory Tcells. h, Comparison of the ratio of myeloid cells to lymphoid
cellsimthe spleen. i, The top 20 DEGs in myeloid cells from each group. j, GO
terms associated with downregulated genesin aged myeloid cells after PF4
administration relative to the control. k, Complement C3and Lon2 expression
in myeloid cells. 1, The fold change in myeloid cell populations relative to young
control mice. m, The top 20DEGsin T cells from eachgroup. m, GO terms.
associated with downregulated genes inaged Tcells after PF4 administration
relative to the control. o, foxand Nkg7expressionin T cells. p, The fold change
in &ged T cell populations relative to youngcontrol mice. Data are mean + s.e.m.,
except for the violin plots ink and o. Statistical analysis was performed using
one-way ANOVA with Tukey's post hoc test (d-f) and Fisher's exact test with
false-discovery rate correction (jand m).
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