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Hallmarks of
Cardiovascular
Aging
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Hallmarks of
T cell aging

-

Thymic involution

* TEC dysfunction

* Thymocyte reduction

* Reduced thymic output

* Glycolysis
* ROS signaling

Loss of proteostasis
 Diminished autophagy
* Reduced FOXO1 levels

Nai remory imt

* Increased memory pool
* Memory inflation
* Reduced naive pool

Repertoire reduction

* Reduced TCR diversity
* Tgey attrition

* Increase in ‘publicity’

of plasticity

Genetic alterations

* DNA damage
* Telomere attrition
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Immunodeficiency

* Infections

« Cancer

* Autoimmunity

* Poor vaccination response

7

T cell senescence

* Impaired proliferation
* Inhibitory receptors

* Senescence markers

Reduced
lifespan

Inflammaging
* Chronic inflammation
* Age-related multimorbidity

Mittelbrunn + Kroemer.

2021 Nat Immunol



Meta-Hallmarks of The paradox of the ever-fitter cancer cell
Aging and Cancer In the ever-unfitter aging organism

Tumor suppressive effects Pro-carcinogenic effects
" Genome Stability Metabolic Fitness i
Micronuclei degradation .
. : Organellar quality control
Centriolar satellite turnover
g Warburg effect
Mitophagy
Proliferative Arrest Proliferation >
& G : ()]
PR & XD Trophic support to cancer cells S
%%%:o:é’ Onsogene-indiced senescence %ﬁ%?g Resistance to environmental stress .g-
Inflammation Resistance to Therapy -8
Ectopic DNA elimination G 1 Therapy-induced death 2
@ Inflammasome degradation mtDNA degradation
p62/SQSTM-1 degradation 1 IFN response
Immunosurveillance Immunosubversion
(natural, therapy-induced)
v : T ATP secretion SHOLICH MHC-| degradation
’, 1 Treg recruitment @ === .’ L IFN response
: o T CD8 stemness " \ | CTL infiltration )

Lopez-Otin... Kroemer
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Different ways of ‘self-consumption’

APOPTOSIS AUTOPHAGY NECROPTOSIS
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Health
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Death

" Cell death
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Autophagy
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protective
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Autophagy

Atg1/ Beclin 1 Atg conjugation Digestion
Ulk1 Vps 34 system Recycling

protein lipid

kinase kinase LC3-PE ATP

N Ve N

Cytoplasmic
structure ) @ + d 2 @
+organe|les

Auto- Auto-
PhagO' phago LySO' |yso-

phore some some some



Autophagy
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Autophagy




Starvation
Caloric restriction
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CALORIC
[ Hydroxycitrate Spermidine, C464 Resveratrol ] RIEIIS"\'I,'IIE!ﬁgg)N
TETA, IGF1Ri EGCG, salicylate Nicotinamide (CRMs)
ATP citrate lyase inhibition Hypusination
SAT1 activation \b yof elF5A \b
Glucose transport . . .
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Screen for autophagy inducers or
« caloric restriction mimetics » (CRMs)

Filter
Compound CRMs as
collections \?aclggg?e => antiaging drugs

Lead optimization
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Caloric restriction mimetics (CRMs)

Conditions References

Aging of yeast,nematodes, flies, mice & humans Resveratrol (nematodes) Eisenberg et al. 2009 NCB
Spermidine (all species) Eisenberg et al. 2016 Nat Med

Obesity/diabetes in mice 4,4’ DMC (yeast+flies) Pietrocola et al. 2018 Cell Rep

Madeo et al. 2018 Science
Carmona et al. 2019 Nat Commun
Motifio et al. 2022 PNAS

Hofet et al. 2022 Nat Aging
Montégut et al. 2023 Aging Cell

Rao et al. 2014 Nat Comm

Lissa et al. 2014 PNAS

Pietrocola et al. 2016 Cancer Cell
Buqué et al. 2020 Nat Commun
Li et al. unpublished

Resveratrol, spermidine, aspirin
Triethylentetramine (TETA)

Oncoprevention of

Kras-induced lung cancer (NSCLC)
ApcMin-induced colon cancer (CRC)
Luminal B breast cancer (LumB)
Carcinogen-induced liver cancer (HCC)

Hydroxycitrate (NSCLC)
Aspirin, resveratrol
Nicotinamide

Improvement of chemoimmuno- Aspirin, 3,4 DMC Pietrocola et al. 2016 Cancer Cell
therapy with ICD inducers + PD1 blockade Hydroxycitrate/SB204990 Wang et al. 2020 J ImmunoTher Cancer
Spermidine/C646, thiostreptone Wu et al. 2020 Cell Death & Disease
Picropodophillin/linsitinib (IGF1R inh.) Buqué et al. 2020 Nat Commun
Isobavachalcone (AKT inhibitor) Wou et al. 2021 J ImmunoTher Cancer
Montégut et al. unpublished
Cystic fibrosis in mice and patients carrying the CFTR-Del506 mutation Epigallocatechin gallate (EGCG) Stefano et al. 2014 Autophagy
(phase I1) plus cysteamine Tosco et al. 2016 CDD
Izzo et al. 2017 Cell Cycle
Thymosin-a Romani et al. 2017 Nat Med
Galluzzi et al.2017 Nat Rev Drug Discov
Cardioprotecion (C) Aspirin (C, H) Eisenberg et al. 2016 Nat Med
Hepatoprotection (H) 3,4’ DMC (C, H) Abdellatif et al. 2020 Sci Transl Me

Pneumoprotection (P) Nicotinamide (C, H) Abdellatif et al. 2021 Circulation
IGFR1 inhibition (C) Motifio et al. 2022 PNAS
Montégut et al. 2023 Aging Cell




Caloric restriction mimetics (CRMs)

Conditions

Aging of yeast,nematodes, flies, mice & humans

Effects depend on
autophagy induction

Obesity/diabetes in mice

Oncoprevention of

Kras-induced lung cancer (NSCLC)
ApcMin-induced colon cancer (CRC)
Luminal B breast cancer (LumB)
Carcinogen-induced liver cancer (HCC)

Effects depend on
autophagy induction

Improvement of chemoimmuno-
therapy with ICD inducers + PD1 blockade

Effects depend on
autophagy induction
in cancer cells

Cystic fibrosis in mice and patients carrying the CFTR-Del506 mutation

(phase I1)

Effects depend on
autophagy induction

Cardioprotecion (C)
Hepatoprotection (H)
Pneumoprotection (P)

Effects depend on
autophagy induction

Resveratrol (nematodes)
Spermidine (all species)
4,4’ DMC (yeast+flies)
ACBP/DBI KO (yeast)

Resveratrol, spermidine, aspirin
Triethylentetramine (TETA)
ACBP/DBI KO or neutralization (mice)

Hydroxycitrate (NSCLC)
Aspirin, resveratrol
Nicotinamide

ACBP/DBI neutralization

I

Hydroxycitrate/SB204990
Spermidine/C646, thiostreptone
Picropodophillin/linsitinib (IGF1R inh.)
Isobavachalcone (AKT inhibitor)
ACBP/DBI neutralization

Epigallocatechin gallate (EGCG)
plus cysteamine

Thymosin-a

Aspirin (C, H)

3,4’ DMC (C, H)

Nicotinamide (C, H)

IGFR1 inhibition (C)

ACBP/DBI neutralization (C, H, P)

References

Eisenberg et al. 2009 NCB
Eisenberg et al. 2016 Nat Med
Pietrocola et al. 2018 Cell Rep
Madeo et al. 2018 Science
Carmona et al. 2019 Nat Commun
Motifio et al. 2022 PNAS

Hofet et al. 2022 Nat Aging
Montégut et al. 2023 Aging Cell

Rao et al. 2014 Nat Comm

Lissa et al. 2014 PNAS

Pietrocola et al. 2016 Cancer Cell
Buqué et al. 2020 Nat Commun
Li et al. unpublished

Pietrocola et al. 2016 Cancer Cell
Wang et al. 2020 J ImmunoTher Cancer
Wou et al. 2020 Cell Death & Disease
Buqué et al. 2020 Nat Commun

Wou et al. 2021 J ImmunoTher Cancer
Montégut et al. unpublished

Stefano et al. 2014 Autophagy

Tosco et al. 2016 CDD

Izzo et al. 2017 Cell Cycle

Romani et al. 2017 Nat Med

Galluzzi et al.2017 Nat Rev Drug Discov

Eisenberg et al. 2016 Nat Med
Abdellatif et al. 2020 Sci Transl Me
Abdellatif et al. 2021 Circulation
Motifio et al. 2022 PNAS
Montégut et al. 2023 Aging Cell



ACBP/DBI: the first peptide hormone

A

H. sapiens ACBD7 MA LQA pffiora

AEDV

H. sapiens DBI —MSQAEIEKAAEEV

M. musculusDBl - MS Q AEEDKAAEEYV
M. musculus ACBD7 MS LQADEDQAAQDYV
M. musculusDBIL5S - MsQVEFEMACASL
S. cerevisiae ACB1 - MV S QL[EEEKAKAY

Sequence conservation

B Conserved in all sequences
Conserved in 4/6 or 5/6 sequences
Conserved in M. musculus and H. sapiens DBI

H. sapiens ACBD7 L.T E D.T s A.l S K
H. sapiens DBI TIKEDIMKAIINK

M. musculusDBl TS KE SAMKTMVEK
M. musculus ACBD7 LIS KEDAMC AN I S K
M. musculus DBILS M[S{K M DIM RIMI AK
S. cerevisiae ACB1 K|SIQEDAIE KEMI AL
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Conserved
secretion pathway

Divergent
ACBP/DBI receptors

-

N
Intracellular ACBP/DBI Saccharomyces CBA Ste3

cerevisiae ~ GPCR receptor

®—.
% ? —» MAPK cascade
=i o
Attt ACBA SDF-2 Histidine kinase .
dependent e & & C —» CcAMP accumulation
unconventional @ — PKA activation
irater
Mammalian cells GABA% receptor .
Subunity2 —= Positive
A (& GABRG2 allosteric
ACBP/DBI modulation
o ~ ODN-GPCR ?
i —— CNS-specific putative receptor
e ]
TSPO
TTN, ODN : 2
Extracellular ACBP/DBI Mitochondrial receptor
Fungi &
Amoebozoa
Animals
. J




Protista

Fungi

Plantae

Animalia

Non-mammalian species

. Neospora caninum
'1 Dictyostelium discoideum

Saccharomyces cerevisiae

Cj(} Pichia pastoris

]
Cryptococcus neoformans
Arabidopsis thaliana
Caenorhabditis elegans
Drosophila melanogaster

Bombyx mori

CYXX YL

DBI ortholog

Consequences of knockout

Enhances fitness and pathogenicity in mice

Inhibits terminal differentiation and sporulation

Extends lifespan (autophagy-dependent)
Inhibits sporulation

Inhibits sporulation

Inhibits yeast-to-hypha transition

Protects from darkness-induced senescence

Increases autophagy
Decreases pharyngeal pumping
Extends the longevity of females exposed to males

Decreases food intake in larvae and adulis
Shortens lifespan in adults

Decreases triglyceride storage and pheromone production



ACBP/DBI is involved in the (patho)genesis of
foie gras

0.0905 0.2541 0.0389 0.0905

3= [ Ad libitum
I . .
é ﬁ 5 Overfed (foie gras)
- 9 - >
Pekin Muscovy s
Anas platyrhynchos Cairina moschata T
@ Global model
X R, a 17 Diet p = 0.0001
: b Strain p=0.7730
= a 0 Interaction p=0.7730
Hinny Mule I I I i
Pekin (M) x Muscovy (F)  Pekin (F) x Muscovy (M) & S 3 @
Q# & *Z""QQ W



Beneficial effects of ACBP/DBI neutralization in mice

Neuroprotection
+ Middle cerebral artery
occlusion

Reduced infarction volume

Cardioprotection
« Infarction
« Chronic doxorubicin challenge

Preserved function, { p16/CDKNZA

Hepatoprotection

» Acetaminophen
Bile duct ligation
Carbon tetrachloride
Concanavalin A
High-fat diet
Ischemia-reperfusion
Methionine-choline deficient diet

Reduced micro- and macrosteatosis
Reduced inflammation and fibrosis

Anti-aging effects ?
Increased mRNA levels in the liver
of aged mice

Liver transcriptome of DBF° mice
resembles that of long-lived strains

Pneumoprotection
« Bleomycin

Reduced fibrosis and inflammation
markers

-

Anti-obesity effects
« High-fat diet
« Hyperphagy of normal diet
(Lep*)
« Rosiglitazone
« Refeeding after fasting

Reduced food intake & weight gain
Avoidance of metabolic syndrome
Reduced inflammation markers




Elevated ACBP/DBI mRNA and protein levels in

Covid-19
T Plasma from patients with severe
Covid-19

f Heart from patients with fatal
outcome

Cardiovascular disease
TAtriaI appendage from patients
with atrial fibrillation

Hepatic injury
T Liver with simple steatosis or NASH

1 Correlation with serum AST in
obese patients

Kidney injury
Plasma from patients with kidney
disease

T Deficient creatinine clearance and
glomerular filtration

Cancer
Cholangiocarcinoma

T Colon adenocarcinoma, NSCLC,
glioma or glioblastoma, quiescent
bladder cancer stem cells

T Plasma from patients with HCC or
malignant ovarian tumors

Osteoarthritis
t Cartilage from patients with OA

T Plasma from patients in need of
joint replacement

human disease

t| variations in DB/mRNA

N,Variaticms in ACBP/DBI protein

Aging

t Plasma levels augment with chronological age

f Plasma levels augment with biological age (imminent cardiovascular disease occurence)

Neurodegenerative disorders
Prefrontal and parietal cortex from
patients with Alzheimer's disease
(AD)

T CSF from patients with AD or
Parkinson disease

1 Plasma from patients with AD and
delirium

L

Diabetes
1 Vitreous fluid in diabetic retinopathy

T Skin from patients with type-1
diabetes

Immune dysfunction

4 Plasma from patients who fail to
control HIV infection, with positive
correlation with IL-1B

T Plasma from immunocompromised
individuals

1 Plasma of children who develop
cytokine release syndrom after
CAR-T cell therapy of ALL

t Correlation with serum TNFa after
digestive surgery with inflammation

Obesity
T Correlation with BMI in plasma

"Excessive caloric intake and/or
obesity (adipose tissue, liver,
plasma)

Weight loss

Sustained reduction in food
consumption or bariatric surgery
(plasma, adipose tissue)

1, Anorexia nervosa (AN)

Plasma from patients with AN




ACBP is a targetable autophagy checkpoint
involved in aging and cardiovascular disease

Lifespan extension in yeast

\' (Aas‘;g’) Iifesp; c;xtensmn
/Prevention of cardiac senescenca-
l Cardiac funct ion

Senescence biomarker p16
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