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> Staphylococcus aureus iIs responsible for a wide range of
o Infections in human and animals
S. aureus-induced diseases represent serious problems, especially during chronic infections

Mild skin infections Life-threatening infections Dairy_cattle:

Human Chronic mastitis

Waves of S. aureus resistance
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Nature Reviews | Microbiology

e Urgent Need Unraveling Immunity to Strengthen
the Host's Defense Against
Recurrent S. aureus Infection

1940 1960 1980 2000
SFM 2022 Chambers and DeLeo Nat Rev Microbiol 2010
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> The compelling reasons to study non-immune cells in host-pathogen dynamics

Site-Specific Defense:
Non-immune cells with an extended lifespan are located in tissues prone to
Infections

Chronic Infections:
Tissue-residents non-immune cells, contribute to infection persistence by
Internalizing pathogens

Cellular Crosstalk:
Immune cells & non-immune cells communication shapes a coordinated
defense response

Osteomyelitis, often caused by S. aureus infections

How Osteoblasts Defend Against S. aureus Invasion?
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http://www.antimicrobe.org/e12.asp

> INFLAMMASOMES activation as a defense mechanism
against infection and injury

Persistent inflammation
activates protein complexes,
inflammasomes, that are
composed of a sensor (NLR),
an adaptor (ASC), and a
zymogen procaspase-1

Inflammasomes activate
Caspase-1, which proteolytically
matures pro-IL-1B8 and pro-IL-18

INRAZ

N. Berkova
SFM 2022

Extracellular ——@D

: 0 _o
e e @\ Toxms AIP o g RIS
- IQ ' Crystals (\ ; TLR
l Endosome UT3SS / 0 \ W\\
(o~

-

FTT0748

4SS sz7 \ Q /
\ ’1
e T355 ,
l T455  papps DAMES NF-k8
\ LPS
MPD
Flagellin
DNA
FTT0584
_—

Francisella spp.

Mycobacterium spp.

=4
K

QM

Sh:gella Spp.

Legionella spp.

— Atg proteins
— S

caspase
acti

Caspase 1 <
Active)
/ l ,

Cell death -1
(Pyroptosis) /
Cytosol

/

Autophagy

Extracellular 4
18 (B
hoe 7

Nature Reviews | Microbiology




> Generation of CASP1-- MG-63 cells using
the CRISPR-Cas9 gene editing system

a b

Human Chromosome 11 map depicting the position of Caspase-1

*DNA target, GRCh38.p12 (GCF_000001405.38) Chr 11 (NC_000011.10):105,024,544 -
105,036,108
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Lack of the 45-kDa band
corresponding to pro-caspase-1in
CASP17-MG-63 cells
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WT MG-63 cells and CASP1--MG-63 clone express NLRP3 and form ASC specks.

WT MG-63+S. aureus CASP1-MG-63 +S. aureus
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Lack of IL-1B production in CASP1-/-MG-63 in contrast to WT MG-63 cells (ELISA)

IL-1B8 pg/ml

Only WT MG-63 cells produce IL-1B following exposure to S. aureus



> S. aureus clearance by osteoblast-like MG-63 cells depends on caspase-1

WT MG-63 +SA113 WT MG-63 +SA113
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Phenol-soluble modulins peptides (PSMs) define the virulence
potential of S. aureus

PSMal-PSMa4 PSMB
o-toxin 44 amino acids
20-25 amino acids
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> Trained Immunity: shaping host-pathogen interactions through
a new paradigm

Traditionally, the immune Innate immunity exhibits adaptive traits,
system has been divided into termed innate immune memory or trained
innate and adaptive Immunity, leading to an enhanced response
components after subsequent unrelated challenges

The molecular basis of trained
Immunity involves metabolic
and epigenetic changes
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Adaptive Immunity

Inductors:
B-glucan,
MDP, L. lactis
Stimulus:
5. aureus

b)
RESPONSE

e _ Time Epigenetic Metabolic
Dranoff, Nat Rev Cancer, 2004 Training Resting time Rustlmula’ilnn modifications reprogramming
Read out: Read out:
Cytokines production, Cytokines production
H3 acetylation H3Z acetylation

Adapted from Netea at al. Science, 2016

Exploring Trained Immunity Potential in Non-Immune Cells against S. aureus Infection

INRAS MG-63, osteoblast-like cells
N. Berkova A549, lung epithelial cells
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ELISA

> Development of the innate iImmune memory depends on

reactive oxygen species
Pre-treatment of cells with the ROS inhibitor NAC, prior to B-glucan treatment

reduces IL-6/IL-8 production reduces H3K27 acetylation
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> Cells exposed to L. lactis increase IL-6/IL-8 production upon S. aureus
stimulation, correlating with H3K27 acetylation

Pre-exposure of cells to _L. Iact?s inc_reases IL-6 /IL-8 production Pre-exposure of cells to L. lactis increases H3K27
upon a stimulation with S. aureus acetylation upon a stimulation with S. aureus
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The increase in IL-6/IL-8 production correlates with the rise in H3K27 acetylation in cells pre-treated with L. lactis

Lactococcus lactis may be a potential inducer of trained immunity Chaumond et al. Eront. Immunol. 2023
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> Model of the Immune, metabolic and epigenetic dysregulated
signatures induced by long-term S. aureus infection
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> CONCLUSION

+» Besides structural functions, non-immune cells contribute to the defense
response against S. aureus through inflammasomes activation

** The active caspase-1 restricts intracellular replication of S. aureus in non-
professional phagocytes

* Non-immune cells develop trained immunity that is at least partially
dependent on ROS

L. lactis may be a potential inducer of trained immunity, suggesting the

possibility of using this bacterium as a preventive measure against
stanhvlococcal infections
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