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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  



Population pyramids for developed countries  [mln of people]

LIFE EXPECTANCY AND PATHOLOGIES

GBDLancet 2015;  386, 743-800



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

Pathologies seen in the elderly







The immune system in the elderly: the functions and parameters which 

change during aging

Fulop T et al, Clin Interv Aging, 2017



Thymic involution

Grubeck-Loebenstein B, Transfus Med Hemother. 2012  



T linfociti naive e memory nelle diverse età



The immune system in the elderly: the functions and parameters which 

change during aging

Fulop T et al, Clin Interv Aging, 2017



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”



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

BALANCE BETWEEN INFLAMMAGING  AND ANTI-INFLAMMAGING 







From: Chronic Inflammation: Accelerator of Biological Aging
J Gerontol A Biol Sci Med Sci. 2016;72(9):1218-1225. doi:10.1093/gerona/glw240
J Gerontol A Biol Sci Med Sci | © The Author 2016. Published by Oxford University Press on behalf of The Gerontological Society of America. 
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.



CMV GENOME (COPIES/ML) IN YOUNG AND IN ELDERLY INDIVIDUALS

Thomasini RL, Pereira DS, Pereira FSM, Mateo EC, Mota TN, et al. (2017) Aged-associated cytomegalovirus and Epstein-Barr virus reactivation 
and cytomegalovirus relationship with the frailty syndrome in older women. PLOS ONE 12(7): e0180841. 
https://doi.org/10.1371/journal.pone.0180841
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0180841

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.



From: Chronic Inflammation: Accelerator of Biological Aging
J Gerontol A Biol Sci Med Sci. 2016;72(9):1218-1225. doi:10.1093/gerona/glw240
J Gerontol A Biol Sci Med Sci | © The Author 2016. Published by Oxford University Press on behalf of The Gerontological Society of America. 
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.



OXIDATIVE STRESS

Lo stress ossidativo è lo squilibrio tra la 
formazione di specie reattive dell'ossigeno 

(ROS) e l’attività 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) 

Attività dei ROS è controllata dai sistemi 
antiossidanti cellulari

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



Come sono connessi ROS e infiammazione?

ROS attivano l’inflammasoma





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) 





A role for gut alterations in 
inflammaging?



Aging in the GI Tract

Young Gut

•Tight epithelial junctions, mucus

•Anti-microbial peptides, Abs, cells

•Cross-talk between microbes and 
epithelial cells and immune cells

Mucus

Aged Gut

•Fibrosis

• Increased permeability

•Translocation of microbial products 
(LPS) ?

•Systemic immune activation ?

CD4 T cell loss

Loss of tight junctions

Enterocyte apoptosis

Microbial products





Altered gut permeability and inflammaging



A role for alterations of the microbiota 

in inflammaging?



MICROBIOTA
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Figure II 

Trends in Biotechnology 2015 33, 496-503DOI: (10.1016/j.tibtech.2015.06.011) 

Copyright © 2015 Elsevier Ltd Terms and Conditions

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





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


Klotho overexpression extends life span in mice



J Gerontol A Biol Sci Med Sci, Volume 66A, Issue 7, July 2011, Pages 794–800, https://doi.org/10.1093/gerona/glr058

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 

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


J Gerontol A Biol Sci Med Sci, Volume 66A, Issue 7, July 2011, Pages 794–800, https://doi.org/10.1093/gerona/glr058

The content of this slide may be subject to copyright: please see the slide notes for details.

Scatterplot of plasma klotho versus age, with linear regression line (p = .001)

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


Does KLOTHO have a role in healthy aging?



Longevity factor klotho enhances cognition in aged nonhuman primates
Nature Aging 3, 931–937 (2022)

https://www.nature.com/nataging


Klotho induces platelet activation in the blood
Nature Aging volume 4, pages 341–347 (2023)

https://www.nature.com/nataging


Platelet factors attenuate inflammation and rescue 
cognition in ageing

AB Schroer  et al, Nature https://doi.org/10.1038/s41586-023-06436-3 (2023)

https://securemail.unimi.it/webmail/svc/wmap/attach/Platelet%20factors%20attenuate%20inflammation%20and%20rescue%20cognition%20in%20ageing%20|%20Nature.html?token=HzfezYY0KT&mbox=INBOX&uid=342434&number=6&type=text&subtype=html&pi=mail_attachment&process=html,js,link,target,binhex#auth-Adam_B_-Schroer-Aff1
https://securemail.unimi.it/
https://doi.org/10.1038/s41586-023-06436-3


Platelet factors attenuate inflammation PLATELETS FACTORS DOWN REGULATE INFLAMMATIONPLATELETS FACTORS DOWN REGULATE INFLAMMATION



S
Significant improvement of object recognition memory, associative memory,

learning and working memory.



What can we do?

• “Behavioural” approaches

• Drug therapies

• Modification of the microbiota



What can we do?
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• Modification of the microbiota





Ponnappan S et al, Antioxidants & Redox Signaling 2011 





What can we do?

• “Behavioural” approaches

• Drug therapies

• Modification of the microbiota





P38MAPK signaling pathway





Varicella-zoster vaccination: effects of p38 MAPK  inhibition



• Rapamicine (an mTOR inhibitor) improves immune 
reponses to vaccines in elderly individuals.

• Clinical trials based on mTOR inhibitors in humans and in 
dogs (Nature; 552:s57; Dec 2017)

Sci Transl Med 2014;6:268ra179











What can we do?

• “Behavioural” approaches

• Drug therapies

• Modification of the microbiota



How to modify the microbiota



Kumar M et al, Nutrition and Healthy Aging 2016



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



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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