ENEMY

nnnnnnnnnnnnnnnnnnnn
yia Tn MuookeAeTIknA Yyeia

12 [TaveAANVIO 2ZUVEDPIO

OQloxAnpwgvn diaxeipion Tawv ASyovwdwv
Kal Twv MuookeAenikadv NaBrnoswv

Inflamm-aging: €voc Baolkog
HNXQVIOUOG YAPOVONG

Anuntpng Kapokng

Peupatoloyoc, Matpa

BoAoc, 1/11/2020



2UYKPOUGHN CUNPEPOVIWYV
Conflict of interest

e Kappia yta avutnv tTnv mapouoioon



Mpowvon

Duaololoyikn BroAoyikn dtadikaoia

2 WHOTLKA KOLL TTVEU MOTLKA KOTATTTWON

Avénon mpoacdokipou {wng Kol aplOpou NALKLWHEVWY (>65)
(1.5 ic to 2050)

1990: 6%, 2019: 9%, 2050: 16% (est)

A€LKTNC LOTPLKAC/KOWWWVLKNC/OLKOVOULLKAC VATITUENC, AN
Kol ETMLBAPUVON CUCTNUATWY UYELOC AOYywW TTOAAOTTIAWY
acBevelwv Tou yrRpatog

EuBpavototnta
Aev yepvouv oloL to blo

Meszaros et al, Cells 2020; 9: 1614



The seven pillars of aging
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Kennedy et al, Cell. 2014 November 6; 159(4): 709-713



Thymic involution

v Thymic output
£ Adiposity in thymus
¥ Thymic epithelial cells
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¥ Immune response to
vaceination

Inflamm-aging
4 Inflammatory mediators
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Cardiovascular diseases
Atherosclerosis
Hypertension
Cardiac failure

Neurological diseases ﬁ

= 3 Articular damage

L - Alzheimer’s disease gzeopo:’oﬂ?

o - Parkinson’s disease . eoarthritis
S . Depression @ 5] Arthritis

ACCELERATED AGING

< Inflammaging

% Oxidative stress

% Telomere shortening

< DNA damaging

% Cellular senescence (SASP)
< Reduced autophagy

% Immunosenescence

Cancers Q @ Metabolic diseases

Carcinoma - Type Il diabetes
Melanoma - Metabolic syndrome

Breast cancer - Obesity

Seminars in Immunopathology, Aug 2020
https://doi.org/10.1007/s00281-020-00806-z
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Inflamm-aging: An Evolutionary Perspective on
Immunosenescence
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LUCA, ENZO OTTAVIANI, GIOVANNA DE BENEDICTIS

First published: 25 January 2006 | https://doi.org/10.1111/j.1749-6632.2000.tb06651.x | Citations: 1,847



To YnpAOoKOV avOOOAOYLKO cUoTnMOL

* Avoooynpavon (immunosenescence):

- AOLMWEELC, KAPKLVOYEVEDN, N OVTOTTOKPLON
oToUC UPOALACHOUC

* @Aeypovoynpavon (inflammaging):

- UENMEVN auToOPACTLKOTNTA, XPOVLd
ovotnuatikn low-grade pAeypovn

Thomas et al. Immunity & Ageing (2020);17:2



Mpavon: aAAayeg otnv Epdutn avooia

Neutrophils
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Figure 1. Age-related modifications in the cells from the innate immune system.

Cells 2020, 9, 1552; doi:10.3390/cells9061552



pavon: aAAayEC 0TNV EMIKTNTN Avooia
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Mnyxavicpot pAsypovoynpovonc
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Mnxoaviopoi pAeypovoynpoavong
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Evepyomnoinon tov ¢AEYHOVOCGWHOTOC
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Mnyxaviopot kat puOuion pAeypovoynpavong

Stress NF-xB signaling pathway
Oxidation- _ _
inflammation TOR signaling pathway
Cytokines RIG-1 signaling pathway
DNA damage ! Notch signaling pathway
Autophagy Sirtuins signaling pathway
Stem cell aging TGF-p signaling pathway
Ras signaling pathway
Imbalance of
inflammation
A chronic homeostasis

progressive
increase in the
proinflammatory Inflamme-aging
status

F1GURE 2: The mechanisms and regulated signaling pathways of
inflamm-aging.




Mnyxavicpot pAsypovoynpovonc

dysfunctional mitochondria

defective autophagy/mitophagy (disposal of dysfunctional
organelles),

endoplasmic reticulum stress

activation of inflammasome by cell debris and misplaced self
molecules

Defective ubiquitin/proteasome system (misfolded/oxidized proteins),
activation of DNA damage response

senescent T cells and their senescence-associated secretory
phenotype (SASP)

age-related changes in the composition of gut microbiota (dysbiosis) .

Bauer, Immunity & Ageing (2020);17:6



Avttiec pAsypovoynpovone
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Fig. 1 |. Potential causes of inflammageing.
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Nat Rev Cardiol. 2018 Sep; 15(9): 505-522



Inflammaging: catabolic state

Stimuli

* Damaged cell debris
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Fig. 3 |. Inflammageing induces a catabolic state.

Nat Rev Cardiol. 2018 Sep; 15(9): 505-522



Alzheimer’s

disease
c Parkinson's
At disease
Type I Heart
diabetes diseases
Osteoporosis Inflamm-aging Atherosclerosis
Insalin Eeoh
CeHStADGE degeneration
Acute lateral Multiple
sclerosis Increase of sclerosis
morbidity
and mortality

FiGure 1: The relationship between inflamm-aging and diseases.

Journal of Immunology Research, Vol. 2016, Article ID 8426874



Table 1 Immunosenescence features shared by the most common age-related diseases

Neurodegenerative Rheumatoid Cancer Cardiovascular Metabolic
diseases arthritis diseases diseases
Innate immunity
Inflammaging v v v v v
Expansion of M1 macrophages v v v v v
Expansion of CD14"°CD16" v v v v
monocytes
Expansion of myeloid-derived v v v
suppressor cells
Adaptive immunity
Decreased thymic function v
Contraction of T cell repertoire v
Expansion in late-differentiated v v v v v
CD28 T cells
Expansion of Tgypg 4 cells vy v
Expansion of regulatory T cells v v
(FoxP3+)
Increased CMYV serology v v v v
Increased plasma autoantibodies v v v

Seminars in Immunopathology,https://doi.org/10.1007/s00281-020-00806-z, August 2020



Doawvotunoc avoooAoyLkoU ploKOU

* Avaotpodn tou Aoyou CD4/CDS8

* AU¢non twv CD8/CD28 KuttApwV UVAKNC
. AUEnon IL-6

 EAattwon apOpol B-Aepdpkuttapwy

* loxupn Betikotnta yia CMV

[TPOYVWOTLKOC TTOPAYOVTOC YVWOLOKWY SLotapoywv
Kot Ovntotntac 58% otnv TeTpOETLA

Ventura et al. Clin Mol Allergy (2017) 15:21



Avoooynpavon kat ¢Aeypovoynpavon otn PA

&
Articular damageJ

& osteoporosis

Cardiovascular
diseases
' Cognitive
v impairment
_-'

@':3 ‘[ Inflammaging ]
“_9

Fig. 1 The senescent T cells are associated with inflammaging and age-related morbidities in RA. The late-stage differentiated (senescent) T cells
are defined by phenotypic changes including loss of CD28 expression, acquisition of inflammatory (SASP: senescence-associated secretory
phenotype) and cytotoxic functions, as well as expression the chemokine receptor CX3CR1, which could underdie their ability to infiltrate
peripheral inflammatotry sites. These cells do not proliferate, because of shortened telomeres, but remain metabolic active. These cells have been
found expanded in RA, of note during the clinical progression. They have been implicated with articular damage and osteoporosis, cardiovascular
diseases and cognitive impairment

Bauer Immunity & Ageing (2020) 17:6



Enevepyela oto KN2

Leukocyte

Leukocytes in CSF,
meninges and
chroid plexus

Bauer, Immunity & Ageing (2020);17:6




Systemic Changes with Age '
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Inflammaging and OA
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Sustaining of sterile inflammation orocess bv the DAMPs and AGEs through the activation of the SASP bv senescent cells

Clin Exp Rheumatol 2019; 37 (Suppl.120)S48-S56.



Inflammaging and SLE

Table 2. The cellular bases of inflammaging and its pathophysiological effects on patients with SLE.

Cellular Basis of Inflammaging Pathophysiological Effects
® Decrease in the expression and function of TCR and its . . :
. . Susceptible to infections
co-receptors for antigens in T cells [59]

e Decrease in circulating B cells due to reduction of new B Antibod duction |
cell migration from bone marrow and B lymphopoiesis [60] fhbody production
eShift from naive to memory B cell [60] (naive/memory B cell High affinity protective antibody

ratio |) production |
o Impaired ability of memégljifsﬁ'[ f;:[?]ll differentiation to plasma Antibody production |
e CD4(+)CD28(+) angiogenic T cell | [61-63] CD4(+)CD28(-) Endothelial cell damage T
angiogenic T cell T Cardiovascular morbidity T
e Impaired IL-6/TGF- balance [64,65] Autoimmunity T, IL-22 T
e Thl17 cell T Inflammation T

TCR: T cell receptor; TGF: transforming growth factor; Th: helper T cell.

Int. J. Mol. Sci. 2019, 20, 3878



Mpovon kot SARS-CoV-2
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Inflammaging:
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The journal of nutrition, health & aging 24;685-691(Sep 2020)



https://link.springer.com/journal/12603

Tponol napepfaong

Aoknon
Meploplopog mpooAnPnc Bepuidbwv
MeooyeLakn dilatta

Dappoka: pecBepatpoAn, LETPOPUiVN, PATILUUGLVN



Tponol napepfaocnc

Modification of lifestyle
= Physical activity
* (alonc Restriction
=  Maintaining optimal nutrition

Pharmacological interventions
* (aloric restriction mimics
= Reversal of thymic

atrophy (IL7 therapy)
= Statins

« Pl3Kimnase imhibitors
* p38 MAPK inhibition

d

Reducing
Immunesenescence

Inflaimmaging

Reduced nsk of
infections
chronic diseases
autoimmunity

{

Improved health
and well being

|

Reduced mortality

Biogerontology (2018) 19:481-496




Calorie restriction (CR)

Meploplopog Atmwdoug Lotou
Emaywyn avtodayiag
EAQTTWVEL TO OEELOWTLKO OTPEC

Auéavel tn PloyEveon Twv ptoxovopilwy
Kot SLopBwvel TNV Ekppacn yovidiwv
mou emnpeadovtal amo tn ynpovon

KatooteAAel Ta pAeypovwdn povormnatia
] \)

Emidpa BTk 0TNV EVTEPLKN
Sdlarmepatotnta

Cells 2020, 9, 82; doi:10.3390/cells9010082

~an Y -‘\l),| »y,
\\.\\w ,l".
\\N M o, C /-I,
& 2,
S 2
z £ 2 Z
~ -3 % :
3 CALORIE B -

7 RESTRICTION 7



CR mimetics

PeoBepatpoAn: Apa otnv Asttoupyia Twv prtoxovdpiwy, Tnv avtodayia,
TIPOOTATEVEL ATTO TO OEELOWTLKO OTPEC, EAATTWVEL TIG PAEYLLOVWOELG
KUTTOPOKLVEC,

Metdoppivn: PuBpuilel tnv avtodayia kot tn Asttoupyla Twv
uitoxovopilwv, avaoteAAeL Tov SASP, eAattwvel TNV EkPpacn TwvV
TIPOOKOAANTLKWV poplwv, entayel tn dtapopormnoinon twv CD8+ kKuttaApwVY
HVANG

2tepudivn: avtodayia, feAtiwon ptoxovdplaknc Asttoupyilac, eAatTtwon
dAeypovwdwyv Kuttapoklvwy, avénon IL-10, mpootacia Tou eviepLKOU
dpayuou

Panoapuoivn: xpnOLLLOTOLEITOL 0OV OVOCOKATOOTAATLKO O€
LETOHOOXEUMEVOUG. AvaoTtoAn NF-kB, avénon apubpou kal moLotTnTog
CD8+ KuTTtApWV HUVAUNG

Cells 2020, 9, 82; doi:10.3390/cells9010082



0"
Correct regulation of the

Awatpodn

‘} ][}
!

Pro-inflammatory

immune system markers
f Anti-inflammatory &Pro-inﬂammatory
markers markers
« IL-10 —_— + -6
- TGFB *+ IL-1ra
— *+ TNF-a

Ageing Research Reviews 54 (2019) 100935

Fig. 2. A good diet may be assoclated with a
lower frailty risk and lower frailty scores over
time; this relationship may be related to the
impact of diet on inflammation. n-3 poly-
unsaturated fatty acids (PUFAs) and vitamin D
are examples of nutrients involved in the in-
flammatory state. Serum n-3 PUFA levels are
Inversely assoclated with pro-inflammatory
markers and positively associated with ant-
inflammatory markers in the frail elderly po-
pulation, while vitamin D has been assoclated
with an increase In anti-inflammatory cyto-
kines and a decrease in pro-inflammatory
markers. Moreover, it is well established that
this vitamin is fundamental for the correct
regulation of both the innate and the adaptive
immune system. In general, a higher dietary
Inflammatory Index (DII) is associated with
increased levels of inflammatory serum mar-
kers and a higher incidence of frailty.



H enidpaon tn¢ acknonc

Aged (immunosenescent) > 65 years

Innate Immune System Adaptive Immune System

Neutrophils/monocytes/macrophages CDA4/CD8 T-cell ratloi
diminished pathogen recognition Naive T cells
defective activation Memory/effector T cells
decreased phagocytosis cent/exhausted T cells T
abnormal chemotaxis decreased proliferation
NK cells lose effector functions
CD56bright ¢ expression of multiple inhibitory receptors
CD56dim cells metabolic derangements

Decreased cytotoxicity

Sedentary lifestyle

Inflamm-aging
chronically elevated pro-inflammatory mediators
interleukin-6 (IL-6) T
tumor necrosis factor alpha (TNF-a)
interleukin-1 beta (IL-18)

1}

NK cell migration/cytotoxidity T

CD14+/CD16+ monocytes l .
M1 conversion to M2 macrophages

TLR signaling 4
Senescent/exhausted T cellsy

Naive T cells*

TNF-q, IL-6, CRP| IL-1ra, IL-4, IL-7, IL-8, IL-15

Physical active lifestyle

E33 313

Nutrients 2020;12:622




Elvai ovtwce n dAsypovoynpavon Kakn?

Ol atwvoBLoL exouv Kol autol avénpeva emnimeda
DAEYLL. KUTTAPOKWVWY, EAATTWHEVN AVTLOEELOWTLKN
QUUVA KOL UTLEPTINKTIKOTNTO

EAQTTWON ouxvotntac Kopkivou Kot Bavatou armo
AoLpwéelc og >90 eTwv

CETILTUXNC» ynpavon
Opolootaotia pre- and anti-inflammatory process

MBavov va mpokeLtal yia e€eAkTIKN dtadkaoia



DAeypovwdnc Looppornia = pakpolwia

The good: successful/optimized aging and longevity

Immuno-adaptation\remodelling | 4= Inflamm-aging |4 | Anti-Inflamm-aging

Deterioration”:v A v

The bad: pathological aging\diseases

E"D Ve & N S— Ve
Pro-inflammatory Anti-inflammatory
IL-1 IL-10
IL-6 TGF-f§

TNF-«t Y IL-37

Front. Immunol. 8:1960.doi: 10.3389/fmmu.2017.01960, Jan 2018



OTHER BODY SYSTEMS

IN AN AGING BODY: 7 ‘.. X
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2UUTTEP OO LOLTLKAL. .

H ynpavon eival pia cUVOETn TTOAUTTOPAYOVTLKN
Sdladikaoia

H ¢Aeypovoynpavon eivat Pactlkoc HNXOVIOUOC
ynpeavong
MoAAamAn atttoAoyia-pnxaviopoi-pubuion

MBavov va TtpoKeLTaL yia €€EALKTLKN--
NMPOCOPLOOCTLKN SLtadlkaoia

Ot atwvofBiot mbavov va KpUPoUV TO HUGCTLKO
(yoviOLaKkol, HLopLaKOL, ETILYEVETLKOL TTAPAYOVTEC)

TpOTIOL AVTLUETWTILONG: aoknon, oilatta, ¢papuoka
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