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> Persistent S. aureus infection i1s an economic/animal 1
welfare problem and a serious public health burden

Life-threatening infections

Food security
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Mastitis:
inflammation (often associated with
infection) of the udder

/ \ One Health
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S. aureus, most prevalent
chronic mastitis pathogen

Emergence of
antibiotic resistant
bacteria
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Urgent Need Host's defense against
recurrent S. aureus infection
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Chronic infections requires intracellular asymptomatic carriage of S. aureus
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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

NRA How non-immune cells defend against S. aureus Invasion?

N. Berkova
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MAC-T

HelLa

> Similarities in the response of non-immune cells of various origins
during S. aureus infection

Cytopathic effect:

Enlargement of the cells exposed to S. aureus

72h

. 0 - +S. aureus MW2
12 % 30 ORPEA S 8

MAC-T, bovine mammary epithelial cells

Area

Area

{arbitrary unit}

{arbitrary unit}

50000

mowom
5 5 2
2 82 =2
8 8 B8

10000

50000

R w1
2 5 3
2 5 B
g 8 B

10000

o

Uninfected  S. aureus MW2

control

72h post infection

Uninfected  S. aureus MW2

control

72h post infection

Expression of IL-6 and IL-8 in human MG-63 and
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PS, bovine mammary epithelial cells isolated from the secretory parenchyma
HelLa, human epithelial cells from a cervical carcinoma

MG-63, human osteoblast-like cells
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> Long-term S. aureus infection of human and bovine non-immune cells

Transmission electron microscopy analysis of S. aureus-infected cells

MG-63 + S. aureus

6 hours 12 days Human MG-63 cells+tmCherrySA113
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> Development of a model for long-term S. aureus infection >

Infection Infected eukaryotic Enriched eukaryotic
'. cells cells bearing S. aureus
mCherry y
S. aureus ' 6 days
‘ — FAcs\
Human osteoblasts MG-63 Antlblotlc treatment

Bovine mammry epithelial PS cells
5% of MG-63 and 1% of PC cells

MG-63+ bearing internalized S. aureus
mMCherrySA113 MG-63
MG-63+SA113 (R1) MG-63+SA113 (R2) MG-63+(R2)
B SA113
=2 Cells bearing 1=
> S. aureus =
O o (@] >
& o
GC) . é %'DE_
o i
mCherry fluorescence mCherry fluorescence

INRAZ 150lating only S. aureus-bearing cells from mixed populations helps avoid bystander effects
SNFSGQZZT of uninfected cells and enables the identification of signals specific to intracellular infection
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Gene-Set Enrichment Analysis using Reactome Database Nicolas et al
| 70 Reactome enriched pathways: 61 upregulated and 9 downregulated pathways Front. Cell. Infect. Microbiol, 2022




Immune system and signal transduction genes are among the top

highly induced DEGs
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> INFLAMMASOMES activation as a defense mechanism o
against infection and injury

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

Inflammasomes, which assemble In
response to danger signals or pathogens,
are composed of a sensor (NLR), an
adaptor (ASC), and procaspase-1

Inflammasomes activate Caspase-1, which
proteolytically matures pro-IL-1B and pro-IL-18
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Nature Reviews | Microbiology
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WT MG-63 +SA113

CASP1/-MG-63 +SA113
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Internalization of S. aureus (2h) was
not impaired in CASP1/MG-63 cells

Higher number of intracellular S. aureus cells was observed in CASP1~- MG-63
cells compared to WT MG-63 cells

Caspase-1 is required for the killing of internalized S. aureus

Lima Leite et al. Cell. Microbiol., 2020



> Transcriptional reprogramming of genes associated to the cell
cycle progression, DNA damage and repair

S. aureus induces a G2/M phase delay

Control culture of jci Synchronous cells

. 0,
uninfected 324% 5 aureus MW2 24h
synchronous cells 24h

120
120
1

G2/M
50£6%

80
1
80

1

S

Cell count
40
1
Cell count
40
|

I 0
Lo d e laaay
°

200 400 600 800
DNA content

o
‘l' 0 200 400 600 800
DNA content

Reactome GSEA highlighted 7 enriched pathways that belong to cell cycle progression

S. aureus induces DNA damage
Control 20h Etoposide S. aureus

=== Control
S. aureus MOI 1:25

==S. aureus MOI 1:50
Etoposide

Cell

» YH2AX is a marker for DNA damage in the absence of apoptosis

INRAZ
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> S. aureus infection triggers transcriptional reprogramming of 10

genes involved in metabolism
| UWAotD | Geaneme | Gemdumoimion | K| e | AMpwhe |

pla2g2a
hsd11b1
saa2
PO0O167 cybba
sod2
hcar2
akrib15s
elovl7
ch25h
P43490 nampt
QsH217 slcbals

ﬁﬁﬁgﬁlﬁﬁﬁl

Q99541 plin2
elovl2
hilpda

F
2 §

Idhaleb
pem2l1
enol
Idha
P04075 aldoa

2| &
Hiﬁﬁl

P08237 pfkm
043175 phgdh

Upregulated genes
phospholipase A2 group llA
hydroxysteroid (11-beta) dehydrogenase 1
serum amyloid A 2
cytochrome b5 type A
superoxide dismutase 2. mitochondrial
hydroxycarboxylic acid receptor 2
aldo-keto reductase family 1
ELOVL fatty acid elongase 7
cholesterol 25-hydroxylase
nicotinamide phosphoribosyltransferase
solute carrier family 6 member 15
Perilipin2
ELOVL fatty acid elongase 2
hypoxia inducible lipid droplet-associated

glycolysis genes

Upregulated genes
lactate dehydrogenase A-like 6B
phosphoglucomutase 2-like 1
Enolase. phosphopyruvate hydratase
lactate dehydrogenase A
aldolase. fructose-bisphosphate A

Downregulated genes
Phosphofructokinase
phosphoglycerate dehydrogenase

75.85
53.22
48.93
2461
14.24
13.22
10.51
7.70
6.26
5.51
4,56
4.46
3.56
3.16

6.52
4.37
1.79
1.67
1.66

0.69
0.61

6.25
2.73
5.61
4.62
3.83
3.72
3.39
2.94
2.65
2.46
2.19
2.16
1.83
1.66

2.71
213
0.84
0.74
0.73

-0.54
-0.72

3.52E-03
3.69E-04
1.58E-04
7.45E-05
3.17E-23
5.34E-07
1.21E-02
1.68E-06
3.36E-03
6.99E-56
3.76E-09
2.42E-23
2.06E-19
5.29E-13

2.74E-02
9.55E-19
1.22E-02
5.45E-02
8.12E-03

2.29E-02
4.48E-02

Lipid metabolism
Hormone metabolism

Metabolic reprogramming
Regulates lipolysis

Synthesis of fatty acids

Converts cholesterol to oxysterol

Lipid droplet binding protein
Synthesis of fatty acids

Conversion of pyruvate into lactic acid
Interconversion of glucose

The second group of the top highly regulated genes and enriched

N. Berkova

SFM 2022 pathways belongs to the metabolism category

Nicolas et al.,
Front. Cell. Infect. Microbiol, 2022



> Epigenetic modifications H

Epigenetics is the study of heritable changes in gene expression caused by
mechanisms other than changes in the primary DNA sequence.

Gene expression relies on the interaction between transcription
factors and 'epifactors' that control DNA accessibility

Epigenetic L
modifications LD
DNA
methylation,
Histone
modifications
INRAZ Nucleosome
N. Berkova pOSItIOnIng
SFM 2022
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> Transcriptional reprogramming of genes involved in epigenetic regulation

Helene Bierne,

Epifactor database 117 DEGs encoding epifactors Micalis, INRAE
720 epifactors: 92 downregulated
writers, erasers, readers, 25 upregulated

chromatin-remodeling enzymes,
scaffold proteins, cofactors \

An important number of epifactor genes were downregulated by infection:
7% of all of the downregulated DEGs

\

GO-BP (Gene Ontology of Biological Processes) enrichment
analysis of the DAVID software

30 genes encoded epifactors with a negative effect on transcription

Chromatin-repressive Histone deacetylases,
complexes: components of the DNA
BAHD1, NurD, Polycomb methylation and

INRAZ PRC1, mSin3A and CoRES demethylation pathways

N. Berkova
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A

> Acetylation of Histone 3 at lysine 27 in S. aureus-infected cells

Confocal microscopy B

Flow cytometry
MG-63 MG-63+S. aureus

16
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H3K27ac

= Isotype control

MG-63
= MG-63+S. aureus
INRAZ — MG-63 +TSA
N. Berkova

SFM 2022

Chaumond et al., Front Immunol, 2023
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> Transcriptional, Epigenetic and Metabolic Signatures

Metabolism

Specific categories and pathways

Epigenetic modifications, Chromatin organization, Senescence pathways,
Neuronal system, Integration of energy metabolism, Metabolism of lipids

Cell cycle, DNA repair, DNA damage, DNA replication, Genes expression,
Glycolysis, Metabolism of amino acids and derivatives

Innate and adoptative immune systems, Cytokines signaling, Cell death, Cell
motility, Signal transduction, Extracellular matrix organization, Post-
INRAZ translational protein modification, Cell surface interactions

N. Berkova
SFM 2022
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> Model of the Immune, metabolic and epigenetic 15
dysregulated signatures during S. aureus infection

Immune
cell

TLR-6

Metabolites

Immuno

modulatio

——
—

Cytokines
and
chemokines

INRAZ
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Nicolas et al.,
Front. Cell. Infect. Microbiol, 2022



> Impact of S aureus supernatants on the serum metabolome

S. aureus reprograms the host's metabolism, thereby
HYPOTHESIS ' determining its susceptibility to persistent infection

S. aureus
< '\ ,,/"\\
D 070 §
~ ==ms) Bioinformatic analysis
G
Supernatant | 78 =
j j j 1, Mass spectrometry analysis

==ms) Bioinformatic analysis

) Blood collection

Microbiota analysis

=y CoONfirmation
Markers
Metabolic pathways

INRAZ

N. Berkova
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Blood collection
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Besides structural functions, non-immune cells contribute to the defense response during
Infection

Transcriptome architecture of non-immune cells bearing internalized S. aureus reveals
strong inflammatory responses and signatures of metabolic and epigenetic dysregulation

Non-immune cells induce an immune response against S. aureus through inflammasomes
activation and processing of IL-1B that restrict intracellular replication of S. aureus

The deregulation of epigenetic and DNA repair pathways suggests that S. aureus infection
has a long-term impact on the genome and epigenome of host cells, which may exert
patho-physiological dysfunctions

Our results provide an atlas of deregulated host genes and biological pathways and identify
potential candidates for prophylactic and therapeutic approaches during chronic S. aureus
infection

N. Berkova
SFM 2022



NuMeCan
INR . INg Institute
Ae}' Sag”

g@% Luron .
UMR1253, STLO, &7 Blat S

Oﬁ. \;S\z\ .
Rennes HER
Peron S., NIH, Bethesda, —
Chamound E., Maryland, USA ”?ﬁ\\\\
Nicolas A., Michael Otto \\Eff
Ossemond J., e
Daniel N., Belo Horizonte
Le Gouar Y., MG university, Brazil
Deplanche M., Elma Lima Leite
Jan G., @ i Inserm _ Fillipe L. R. do
Julien Jardin, UNIVERSITE Df%ueh Carmo,
Guedon E, o RENNES 1 Vasco Azevedo
Le Loir Y Université de Rennes 1, IGDR,

COLLABORATIONS

UMR 6290, Rennes, France

Gautron A, Gilot D

Intramural Research Program of the National Institute of

Allergy and Infectious Diseases (NIAID), U.S. A, NIH

‘NsTiTuT (DFG)SFB766

e @ UFMG W2l

N. Berkova
SFM 2022

c A P E s UNIVERSIDADE FEDERAL

QUALIMENT

DE MINAS GERAIS

THANK YOU FOR 19
YOUR ATTENTION

INRAZ

Universite” Paris-Saclay,
INRAE, AgroParisTech,
Micalis Institute, Jouy-
en-Josas, France
Bierne H

EBERHARD KARLS

UNIVERSITAT @ i g
TUBINGEN
University of Centre International de
Tubingen, Germany, Recherche en Infectiologie,
Minh-Thu Nguyen, INSERM U1111, CNRS
Fritz Goetz UMR5308, Université Lyon 1,

Frederic Laurent F.,, Lina G,
Vandenesch F

ANR-20-CE35-0001
ANR-20-PAMR-0011)

Deutsche Forschungsgemeinschaft

(gdar,

Institut de Génétique
& Développement de Rennes  Metaprogram INRAE GISA

LONGhealth—-MPP10573


http://www.dhhs.gov/
https://www.univ-rennes1.fr/
https://www.ghu-paris.fr/fr/inserm
https://fr.wikipedia.org/wiki/Centre_national_de_la_recherche_scientifique

