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stato di inflammazione cronica sistemica
sterile e di basso grado associato

£ f QAYVOSOOKALI YSY U2
continua attivazione del sistema
Immunitario innato.
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Global research trends in
inflammaging from 2005 to 2024:
a bibliometric analysis
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FIGURE 1

Publications analysis. (A) Trends of Inflammaging (2005-2024). (B) Distribution of research and review articles.
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TIME

HEALTH « INFLAMMATION

Inflammation May Be
the Culprit Behind
Deadly Diseases

A new wave of research points to inflammation as a possible
thread that connects many chronic diseases

BY ALICE PARK MAY 16, 2023 7:00 AM EDT

Inflammation is a natural response of the body’s immune system, but chronic inflammation can lead

to a host of diseases. SEBASTIAN KAULITZKI/SCIENCE PHOTO LIBRARY/GETTY IMAGES
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| sette pilastri dell'invecchiamento Age-fe‘:tef’ diseases
geing

Il presupposto fondamentale della e ool
Gerontologia € che i meccanismi che fgeneration
guidano l'invecchiamento e le ¥ Y
malattie correlate all'eta si

sovrappongano. Epigenetics ‘ Metabolism
Sono stati identificatsette "pilastri”

comuni(che rappresentano i ,
meccanismi dell'invecchiamento e le

principali aree di ricerca) della |

Inflammation ‘

Proteostasis

Gerontologia: Stress

A rigenerazione delle cellule \ /
staminali

metabolismo Macg‘;ﬁ‘;‘gg”'ﬂ‘

omeostasi proteica

danno macromolecolare

adattamento allo stress

Epigenetica

inflammazione
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Modified from Franceschi C. et al., Nature Rev End 2018



Relaziondra Inflammaging, invecchiamentoe patologie eta correlate
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Modified from Francesci C. et al., Nature Rev End 2018



Relaziondra Inflammaging, invecchiamentce patologie eta correlate

( AGING )
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Modified from Santoro A. et al., Aging Res Rev 2021




Inflammaginge traiettorie di invecchiamento la suscettibilitaindividuale
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Modified from Franceschi C. et al., Nature Rev End 2018



Causes and consequences of kgnade systemic chronic inflammation.

, © 8

Cardiovascular Cancer
Chronic Gh disease |||
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inactivity
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Grande numero di

x Stimoli endogeni ed n limitato di sensori molecole

esogeni dannosi inflammatorie

Modified from Franceschi C. et al., Nature Rev End 2018



~ INDIVIDUAL IMMUNOBIOGRAPHY
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Stimoli endogeni ed
esogeni dannosi

Un esempio € la capacita
degliacidi grassi saturdi
attivare sia il TLR2 che |l
TLRA4, coinvolti nel
riconoscimento dei
patogeni e nell'attivazione
della risposta immunitariaj
innata,

e nell'innesco del rilascio
di mediatori pro
inflammatori.

Dt A
NUTRIZIONE e risposta immunitaria

Proinflammatory action Anti-inflammatory action
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Stimoli endogeni ed
esogeni dannosi

The Microbiota Era

The microbiota is now recognized
as a key regulator of immunity,
metabolism, brain function and

aging (inflammaging).

Immunity

v

Metaboliem Brain Function

P>

Dt A adAY2ft AinfAkn®girigl2 MICROBOTA £ £ O
Intestinale

Il microbiota intestinaleumano € un ecosistema composto
da trilioni di batteri che costituiscono un "nuovo organo"
complesso e muHspecie., in grado di rispondere ai segnali
provenienti dall'ospite o dall'ambiente (incluso il ritmo
circadiano) modificando la propria attivita.



s 1. INDIVIDUAL-BASED FACTORS 2. POPULATION-BASED FACTORS 3. ENVIRONMENT-BASED FACTORS

Characteristics intrinsic to the individual Characteristics related to the population External environmental exposures
and cultural context throughout life

Use of

Ethnicity Cultural habits Population genetic =~ P o L RN R N
and nutrition structure
and ancestry *:** @ s* 3 .
, . 3

Lifestyle

Methodof Breastfeeding Formulafeeding . . i ity Lifelong immunological stimuli

childbirth smoking, stress,
sleep, etc.)

(infections, vaccines, allergens, pollutants, etc.)

MICROBIOTA
FINGERPRINT

Cover image from Cell, Volume 184, Issue 9, April 29, 2021. © Cell Press.



Fattori fisiologici, sociali e patologici influenzano il microbioma degli anziani.

Individual age-related changes and the gut microbiome

Altered nutrient

intake

*= | Smell and taste
Social and societal 1 Dentition
influances on the
microbiome of
older people
* Human contact
» Extended family _
= Visitors — + Difficulty
» Aloneness swallowing
* Household pets . Dlst_urblre::j
» Accommodation: peristalsis

home or
residential care
= Life indoors

s Achlorhydria
Age-related
disease affecting
the microbiome

” « T Infections
« T Antibiotic usage
« T Polypharmacy
* | Comorhidities

1 Digestive enzymes

1 Mucosal immunity —=

1 Colonic motility

Ghosh TS et al., Nature Reviews Gastroenterology and Hepatology 2022



Il microbioma degli anziani e dei centenari

1. Core microbiota decline with age 2. Extreme longevity (>105 years): a beneficial shift 3. Diversity pattern across the lifespan

Core symbiotic families decrease in Decline in core taxa is offset by an increase in Unexpected increase in gut microbiota diversity
diversity and relative abundance longevity-adapted, potentially beneficial species in centenarians from different countries
30 - 5 -
—_~ x S
B Ruminococcaceae £ f f 1 5 Centenarians
(Fitmicutes) g £ 44 (>105 years)
irmicutes % 20 + Q
° 2 J
B Lachnospiraceae § 7 ﬁ % 9 3
(Firmicutes) 2 10 \ g _ P i g 21
[ Bacteroidaceae _§ . g 14
i F
(Bactervidetes) c D T T J T Akkermansia Bifidobacterium  Christensenellaceae @
20 40 60 80 100+ sop o family 0 : , : ! ,
Roe lyenrt) ‘ » 20-39  40-59  60-79 80-99 100+
Age (years)
= General population - Centenarians
Italy Japan
e Op
i 0y dnik

Despite differences in genetics, lifestyle and diet,
centenarians from lItaly, China and Japan
share an increased gut microbiota diversity.

A remarkable signature of longevity and a key health indicator of centenarians,
in contrast with the characteristic decrease in gut microbiota diversity
associated with most, if not all, age-related diseases.

Reduced diversity
associated with
age-related diseases

@ Key message Healthy longevity is associated with a shift from dominant core taxa ecas

toward beneficial, subdominant species and an increase in overall diversity. 12 S;J FL'":tp: ilzti;fnﬁ:,osztoggﬁff: 016:13:611-62>-



\A’ Stimoli endogeni ed
i i esogeni dannosi

Lo Stress Ossidativo

H,O, Concentration (uM)
0.1 1 10 (1(|)0) (1,0|00) Extracellular (uM)

XX OOOOEOOOODOODOOD WMM

1'0 Intracellular (uM)

ROSreactiveoxygen 0.001
svpgcies m,olecplg | 3 l Cellular responses
RSNAYJI uS RIFIttQz2aaAdSy2 ~

molecolare prodotte
dalla respirazione
aerobica

ROS a livelli fisiologici ruolo nella
segnalazione redox attraverso
modificazioni postraduzionali,
("eustressossidativo")

ROS a livelli elevati porta a danni
molecolari, definiti "stress
ossidativo".

* Proliferation
e Differentiation
* Migration  Oxidative
* Angiogenesis eustress

e Stress responses
* Adaptation (e.g. NRF2)

M

e Inflammation  ® Fibrogenesis
* Tumour growth

* Metastasis Oxidative

- distress
e Growth arrest
® Cell death

Modified from Helmut S., et al., Nature Reviews Molecular Cell Biology 2020



b Molecular level
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Stem cell exhaustion

Cellular senescence
molecular ——>
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tissuelevels ® semcl PR Al
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Human diseases

Cardiovascular

disease Cancer Pathogen  Neurodegenerative Type Il diabetes COPD NAFLD Rheumatoid
infection disease arthritis

Modified from Li B., et al., Signal Transduction and Targeted Therapy 2025
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Macrophages
Dendritic Cells

Phagocytes
Recruitment

Modified from Sebastian-Valverde M., et al., Cells 2020



n limitato di sensori

TLR mediano
I'integrazione dei
segnali iImmunitari
con lo stress cellulare
e 1 sensori ambientall

| Oxygen sensing

NONSELF SELF

@H

Cell death signals Cytnfrine sign:lhi;g
. Si #» Pro-inflammatory ¢ nes
. :zg;tl;ssis o —l + Anti-inflammatory cytokines
+ Pyroptosis + Interferons

' Neuroimmune ragulatinn.

* HIF-1a regulation * Acetylcholine
» NF-«B hydroxylation - : :?ropep:::i;

¢ Glucocorticoids

MNutrient sensing

+ Glucose metabolism | Lh!ﬂil;l:;iﬁ:ﬂl;ﬂ:ﬂ:li andpH
+ Amino acid sensing + Mechanical sensor
+ Selenium regulation + pH fluctuations
H
J ‘
Immune initiation Immune regulation
and inflammation and tolerance

[lmmune humeostast

Modified from Cheng Qian et al, Immunology and Inflammation 2026



wdz2 f 2

RSt (S aidflamimaging RALI2Zaz2z yStfQ

Immunosuppression,
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function

Mainutrition Immunoactivation,
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nutrition inflammatory disease
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Tessuto adiposo e sistema
Immunitario

Il tessuto adiposo, il fegato e
le cellule del sistema
Immunitario e del sangue
derivano da un'unica unita
funzionale nella Drosophila
(il "corpo adiposo") e solo
successivamente si sono
differenziati in organi distinti
nel mammiferi.

Mammals




Invecchiamento del tessuto adiposoleflammaging

Young Same body weight

Body fat 12-15%

O subcutaneous fat
@ visceral fat
ectopic fat deposition

[ | & ] )
Young °® o
normal weighted e °
subject L § X

{_ Preadipocytes Adipocytes

.. Vascular system

Old
Body fat 29-31%

¢ % Fat-free mass
f Waist circumference
¢ Hip circumference

oid
normal weighted
subject

~\

J

*[mmune cells

“ Fibrosis

* Senescent cells

=)

Inflammaging

Mod. da Zamboni M et.al Exp Gerontology 2021



Esperimento in vitro con adipociti 33 m Y

a aumento dilL-6

MRNA

ng/mil
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10

Adiponectin

PID 10

PID 10

PID 15

PID 15

PID 20

PID 20

L'invecchiamento
mima gli effetti della
stimolazione con LPS

sugli adipociti,
supportando
I'esistenza di
un'inflammazione
intrinseca legata
all'invecchiamento.

W ps +
< LPS-

MRNA

ug/ml

Zoico et al., Biogerontology. 2010
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Esperimento in vitro con adipociti 33 m Y

A

mRNA fold expression

GENE EXPRESSIONS
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Zoico et al, Experimental Gerontology 2019



Esperimento in vitro con adipociti3T3MY f QAYISOOKAF YSYy G2 ar |
produzione di ROS e apoptosi
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Zoico et al, Experimental Gerontology 2019



Gli adipociti senescenti presentano @secretomaproinfiammatorio (SASP) che contribuisce all'inflammazione
legata all'invecchiamento.

Macrophage
;i _9 NK Cell

% L (AR
- -\‘ ‘\‘ ‘
La senescenzaeé una risposta e

cellulare caratterizzata da un \ /, DY cD4" T Cell Immune cell
L AN recruitment

arresto stabile della crescita e
da altre alterazioni fenotipiche,
come ad esempio unsecretoma

proinflammatoria La
senescenza svolge un ruolo Senescence — Tissue
nello sviluppo normale e ¥ — remodeling
nell'omeostasi tissutale, ma & T

a— T

stata anche indicata come una
delle principali cause di

malattie legate all'eta. Paracrine

senescence

McHugh D et al J Cell Biology 2017



Esperimento in vitro con adipociti 33 MY f QAY IS OOKA | YSYyd2 &aA | aa2O0Al

Senescenza cellulare

PID10 CTR PID18 CTR PID26 CTR C % OF SENESCENT CELLS

20

. p<0.001

p<0.05

SA-R-gal-positive / total

P10CTR P18CTR P26CTR

Zoico et al, Experimental Gerontology 2019



Sarcopenia -
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Adipose tissue Reduced brown
redistribution and beige fat

I |

APSCs decline

with SASP

Senescent cells Disregulated

immune cell
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Ectopic lipid
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Dysregulation
f adiponectin
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Proinflammatory Reduced miRNA

cytokines

biogenesis

Lipsd FF,

Insufin resistance
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Inflammationt

Ou, MY., et al. Cell Death Dis 13, 300 (2022)
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Esperimento in vitro di ceoltura indiretta tra adipociti 3T3L1 emiotubi/ H/ MHY f QAY S OO
associa a atrofia demiotubi
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Zoico et al., Experimental Gerontology 2023



Esperimento in vitro di ceoltura indiretta tra adipociti 3T3L1 emiotubi/ H/ MHY f QAY B3SO
associa a aumento della produzione mhiostatina
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Experimental
Gerontology

differentiation
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Interventions benefitial Age-related conditions
to healthy aging and pathologies (multimorbidity)

Alzheimer's disease
Atherosclerosis

Cancers

Cachexia

Frailty

Glaucoma
Glomerulosclerosis
Hemostasis

Idiopathic pulmonary fibrosis
Liver cirrhosis
Neurodegenerative disorders
Osteoarthrisis

Osteoporosis

Parkinson's disease

| farmacisenolitici Sarcopenia
inducono : Type Il diabetes
selettivamente la o

morte delle Gli interventi mirati ai meccanismi fondamentali
cellule senescenti dell'invecchiamento,combinati con interventi specifici
LIS EIpefles: per la malattia, potrebbero forse ottenere un beneficio

additivo o addirittura superiore Mod. from Song S et, 2020
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Effects of quercetin on senescencand ROS productionin 3T3-L1
adipocytes.
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