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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) 80y (M)

in 2050 >85y about 6.000.000



JAPAN'S SUPER-AGED SOCIETY

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




YOUNG

ROBUST IMMUNE
FUNCTION

“*High vaccination
efficiency

“*High resistance to
infections

IMMUNE SENESCENCE

Aging

Immune
Dysfunction

ELDERLY

DECLINE IN IMMUNE
FUNCTION

* Lower vaccination
efficiency

*+ Decreased immune
surveillance

*+ Decreased resistance to
infections

** Increased onset of
malignancies

** Increased Inflammation

<+ Autoimmune activation
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Fig. 1. Summary of major changes reported for human immunosenescence.
DC, 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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regulatory T cells
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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
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Abstract Longevity and aging are two sides of the same  as mediators of cytokines. We believe thatif inflammaging is I ife ex e Cta n C
coin, as they both derive from the interaction between a key to understand aging, anti-inflammaging may be one of p y'
genetic and environmental factors. Aging is a complex, the secrets of 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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Thomasini RL, Pereira DS, Pereira FSM, Mateo EC, Mota TN, et al. (2017) Aged-associated cytomegalovirus and Epstein-Barr virus reactivation
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Systemic and tissue-specific consequences of CMV latency,
micro-reactivation and full reactivation.
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Reactive oxygen species (ROS)

Intermediates of cell metabolism

Abnormal accumulation of ROS = oxidative
stress

Oxidative stress = cell damage and accelerated
cell aging

ROS increase in aging
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FIGURE 1| General schema describing the process of activation activates -1 and HI-18 through caspase-1. NLRP3 Inflammasome
of inflammasome: initiating factors activate production of promotes oxidative DNA damage. Inflammation and DNA damage
reactive oxygen species (ROS) which in tumtriggers the culminates in pyroptosis releasing contents from the damaged cell
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components results in assembly of Inflammasome. This in tum mediated pathogenic process.




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 on inflammation
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Fig. 2. The major possible endogenous sources of inflammaging 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.



What can we do?

III

 “Behavioural” approaches
* Drug therapies

e Modification of the microbiota



What can we do?

III

 “Behavioural” approaches
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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, CVD). (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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Factors contributing to healthy/unhealthy aging

Sedentariness,
overeating,
sugars/proteins
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What can we do?

* Drug therapies
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P38MAPK signaling pathway
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Varicella-zoster vaccination: effects of p38 MAPK inhibition
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Rapamicine (an mTOR inhibitor) improves immune
reponses to vaccines in elderly individuals.

Clinical trials based on TOR inhibitors are currently
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INFECTIOUS DISEASE Copyright © 2018
The Authors, some

TORC1 inhibition enhances immune function and rohts reserved

reduces infections in the elderly American Assocatio

for the Advancement

Joan B. Mannick'#", Melody Morris', Hans-Ulrich P. Hockey?, Guglielmo Roma?, Martin Beibel?, :z':ii;'::;'::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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were quantified relativa to thalr raspective total protein amounts by denstometry. Amounts of p-4EBF [T37/46) were quantified relative to GAPDH. ¥ amas represent
arbitrary wnits. For each group, n = 4 10 6 rats. Data are mean + S0. Data were anatyzed with 2 one-way analysts of varance (ANOVA] followed by Dunnetts multipe
comparison tests, where maans from all groups were compared to the vehide-treated group. In (&), *F= 0.048 and *F = 0,018 for p-56K1 and p-56, respectively. In {B),
*F=0.005 for p-S6K1, **P < QU005 for p-4EER, and ***F < (.01 for p-54.
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Fig. Z. Increase In antibody titers to Influenza virus vacdne strains In mTOR
Inifilbtor treatment groups relative to the placebo growp. (A) Increase in the ratio
(4 waeks after vacdnation: baseling) In GMT for each of the thres influsnza virus
waccine strains ineldery subjects trasted with RADOO, BEZ235, RADO1 + BEZ235,
of placebo. The thres Influenza vins vaccine stralns used wana as follows: AH1R1
[ACalfomia7 2005, AMHIND (A Texas 500301 21, and B {BMassachusatis/20201 2).
Thie biue I indicates the 200 Incnezss In GMT rathas relative to placebo that was
raquired for two of the three Influenza vins vaccine strains to meet the primary
end point of the study. Asterisks Indicate that the probability that the Increasa In
GMT ratla relative to placebo exceeded 1.0 15 100%. (B) Forast plots of the data
prasented in (4] including 204 confidence Imbervals and probabiity that the GMT
ratio commipared 1o placebo 15 =1 or =122
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Fig. 4. TORC inhibition decreases infection rates inthe ebderty. (&) Fitted anmual
ratas of Infections reporied per person par year In the 0.1 mo of RADGD, 0.5 mg of
RADOO, 10 myg of BEZ235, 0.1 mg of RADOO T + 10 mgof BEZ235, or placebo groups.
*F = Qu0E, =P = 0,001 versus placebo. (B Fitted anmeal rates of resplratony tract
Infections (RTIs) reported per person per year in the placebo group and in the BEZ235
monotherapy and BEZ235 + RADOD comiination treatmenit groups. *F =001, **F =

0008 versus placebo. In both fgures, eror bars indicate 95% confidence Intervals a5
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What can we do?

e Modification of the microbiota



How to modify the microbiota

® ® O

CALORIE PHYSICAL MICROBIOTA PROBIOTICS
RESTRICTION ACTIVITY TRANSPLANTATION
@ Fai deposition @ Non-digestible carbohydrate degradation
Oxidative stress Production of short-chain fatly acids
Insulin resistance Mucosal barrier integrity
Xenobsotic toxicity Immuoe homeostasis

Chronic inflammation o bw‘mmw//'

HEALTH IMPACTS DECREASE OF DISEASE RISK

Weight loss Atherosclerosis

Reduced blood glucose level Metabolic syndrome

Improved lipid homeostasis Type 2 diabetes it ok ra bl
Decreased lipofuscin deposition Parkinson's disease

Reduced blood pressure Cancer

Fig. 2. Schematic representation of potential pathways to extend human 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”



In interiore homine habitat salus

Sant’ Agostino
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