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Le gras, ca compte : le lait entier favorise lI'effet anti-
Y inflammatoire de Propionibacterium freudenreichii
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> Emmental cheese : cooked and pressed cheese

Raw milk (1000 L)

. Thermisation (90°C, 5 min)
Streptococcus thermophilus
& Cooling down to 37°C

Lactobacillus helveticus Addition of rennet

Addition of Lactic Acid Bacteria

Propionibacterium freudenreichii Addition of Propionic Acid Bacteria

Clotting (coagulation)

Cutting of the curd

Cooking 55°C, 1h

Moulding, pressing, cooling down takes 24h

Salting
Cold room
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» 250,000 tons Emmental/year in France
» 101° - 10 P. freudenreichii/day/person
» Also present in probiotic food supplements
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Gefilis) 7
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Valio, Finland

mei

L. rhamnosus Lc705, Standa, France

Propionibacterium freudenreichii Propionibacterium freudenreichii Meiji, Japan

ssp. shermanii JS, ssp. shermanii Propionibacterium freudenreichii
Bifidobactetrium animalis subsp. Propiofidus ssp. shermanii ET-3

lactis Bb-12°.

» We eat more starter bacteria than probiotics!
Letters to Nature 2014, L.A. Davis et al. : Diet rapidly and reproducibly alters the human gut microbiome!!
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> Propionibacterium freudenreichii:
Who'’s that bug?

INRAZ
Propionibacteria immunomodulation @ ST LO

Fat matters

LINSTITUT
Ggl"O




> Emmental and other cheeses with holes: a long story

== . Propionate
. Flavour:
. Acetate
Fruity
Co,
Sour
_ ...Esters
Picante

Lactic fermentation Propionic fermentation

[ Cold room |l _ Warm rpom]

Log UFC / g cheese

=» The Fitz equation (1878)

3 Lactate > 2 propionate + 1 acetate + 1CO,
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> Propionibacteria, in a few words

Phyla Actinobacteria
Order Actinomycetales
Sub-order

Gram +

pleiomorphic
anaerobic to microaérophilic
non motiles et non sporulated
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~ Acidipropionibacterium === —

Propionibacterineae == Propionibactetriaceae w=f==p Propionibacterium e

9 Cutibacterium _)

A. jensenii

A. thoenii

A. acidipropionici,
A. microaerophilum,
A. damnosum

A. olivae

P. freudenreichii
P. acidifaciens

P. Cyclohexanicum
P. australianse

) Pseudopropionibacterium = —E’ propionicum

C. avidum
C. granlosum
C. humerusii

C. acnes acnes

C. GCNES sy —  C. acCneS defendens
C. acnes elongatum
Family Genus Species Sub-species
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> Propionibacterium freudenreichii:
An inducer of anti-inflammatory cytokines
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> Cytokine stimulation on human PBMCs (mononucleated leucocytes

from donors)

IL-10 (pg/ml)

Benoit Foligné

The best anti-inflammatory strains

The less anti-inflammatory strains
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> Propionibacterium freudenreichii:
A way to fight inflammatory bowel diseases?
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> Inflammation of the gut : a growing concern

Fiber depletion Food additives Sedentarity Antibiotics Vitamin deficiency High-fat and high-sugar diet]
r — \} 2
DYSBIOSIS  Gut microbiota
/ . e scpa @ decrease in gut microbiota and SCFA
N o ,5 .+ | eincrease in virulence factors and
Pathogens  § — pathogenic bacteria
’*"*’ & - ) e increase in Firmicutes / Bacteroidetes
/ ti
b4 A ratio
| ! /
[ ALTERED IEB )
gg e alteration of T) proteins
S e increase in intestinal
permeability
o cytotoxic effects
v \. J J
[ immunecels | INFLAMMATION by immune cells and IEC —
K FY . .. . Chronic diseases
< \\ﬂ v, o decrease in anti-inflammatory cytokines (IL-10) and . 4 "
. )4 increase in pro-inflammatory cytokines (IL-8) * .euro egeneratives
B « inhibition of AMPK that increase ROS production disorders
N and activate NLRP3 inflammasome Cancers
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> Examples of digestive inflammatory diseases

- GIT Chronic inflammation

Ulcerative
Colitis

Oral mucositis

GI Mucositis

5-Fluoracil (5-FU)

- Head, neck and colon cancer. =
(Chang et al., 2012; Falvey et al., 2015)
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> Propionibacterium freudenreichii-fermented milk: anti-
colitis effects demonstrated in vivo

- GIT Chronic inflammation

_, Ulcerative
e N Colitis
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>

Weight change (%)

105

100

95

> Propionibacteria: prevention of TNBS-induced colitis in mice

o
2,4,6-Tr’}ﬁ|2troBenzene Sulfoni€ acid (TNBS)  Acute colitis

_ .
Macroscopic |,
score (Wallace) u
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718

*xk

Intragastric
BALB/c mice ragastri
female administration ,
O~ Control &-weeks old & 'L & ¢ ¢ TNBS

=@~ Vehide + TNBS

~@— sia8 + TNBS

e

N o [-¢] -3 [ 2 1][ 0 ] +1 [+2][+3]¢Dav5
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g ., (Wallace score) (Ameho score) D 12- E 1
*x *
z° & z®
% a * g 8 g%
S ke £ s> 6
o =2 2
] = 64 c
3 @ o
: E B . -
= c .
z 2 s °8
o 1 o 2 2 Hedek
0 _ - . 0 Y : - 0 e 3
Vehicle SI48  Vehicle SI48 Control  Vehicle sus Control  Vehicle sl48
e e +TNBS  +TNBS +TNBS  +TNBS
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> Propionibacterium freudenreichii-fermented milk: anti-
mucositis effects demonstrated in vivo

Oral mucositis
Gl Mucositis

5-Fluoracil (5-FU) ,.WJ

- Head, neck and colon cancer. & )
(Chang et al., 2012; Falvey et al., 2015)
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> Propionibacteria mitigate cancer chemotherapy-induced mucositis in mice

UNIVERSIDADE FEDERAL
DE MINAS GERAIS

Ad libitum — BALB/c . |
CB 129 WT 6th — 8th week ™%
(Culture media) a2
3 ; ° WO ‘000\
o 0 ’
S i Y B &
‘ = CB 129 WT pre-treatment ‘ " & ‘
‘ Day 1 Day 11 ‘ Day 14
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Histopathological scores
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> Propionibacteria mitigate cancer chemotherapy-

Ad libitum

—>

BALB/c

CB 129 WT 6th — 8th week =~ %'
(Culture media)
2 G O a0
‘ B CB 129 WT pre-treatment | L &
| Day 1 Day 11
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Propio + 5FU

induced mucositis in mice
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> Propionibacterium freudenreichii-containing cheese: anti-
colitis effects demonstrated in vivo

- GIT Chronic inflammation

Ulcerative
Colitis
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> First, try a single-strain experimental cheese

[ Af 8 T
} { Macroscopic |, Z
[ score (Wallace) I

Acute colitis o 1 2 3 4 5 78

NO2

2,4,6-Tr’iﬁ|2troBenzene Sulfoni€ acid (TNBS)

17

Microfiltr. Milk
- v
Intragastric Powder 100 g/L
BALB/c mice . E . \
farmale administration , Cream+150 g/l
- TNBS
Friweeks old ¢ * ¢ & ¢ & Sterilisation

® (L)) e, 0 "’f*

30°C, 72 h
(n=10) V ~en a
Necro psy Pre-cheese
CTL+ TMNBS Read-outs Clotting, stirring, cooking,

moulding, pressing,
wrapping, ripening

— Body weight
é Inflammatory scoring:
. Blood SAA & IL-6

PBS
Milk + TNBS e @

Milk + Ld + TNBS

Benoit Foligné

macroscopic evaluation (colon)
MTX + TNB5 @ histological analysis (colon)
P+ Ld + TNBS @ m—  transcriptional signature {colon)

bacterial community profiling (fecal)
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> Cheese prevents TNBS-induced colitis in mice

=3

+TNBS

g 110- (;:*{ x* =0 Healthy
Bl Dead Z 105+ % _p-——-g == CIL
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@ b} 5 90
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2 80
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C ] ] | | m 5 I I I I
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Survival Body weight
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> Cheese prevents TNBS-induced colitis in mice
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> Cheese prevents TNBS- mduced colitis

e t]
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2,4,6- TrmztroBenzene Sulfonic aci
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> Cheese prevents TNBS-induced colitis in mice

Blood inflammation markers
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> Cheese prevents TNBS-induced colitis in mice

Colonic inflammatory markers
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> Then make a real Emmental cheese

Raw milk (1000 L)

. Thermisation (90°C, 5 min)
Streptococcus thermophilus
& Cooling down to 37°C

Lactobacillus helveticus Addition of rennet

Addition of Lactic Acid Bacteria

Propionibacterium freudenreichii Addition of Propionic Acid Bacteria

Clotting (coagulation)

Cutting of the curd
Cooking 55°C, 1h

Moulding, pressing, cooling down takes 24h

Salting
Cold room
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> Emmental: prevention of DSS-induced

Emmental cheese with
P. freudenreichii

S. thermophilus

L. delbrueckii

Intragastric gavage

C57BL6
8th week age

1%t Day

5th Day

3% (w/v) DSS solution
(3650 25 kDa)

12th Day

Gavage 500 L
(400 mg cheese in
500 uL PBS pH 7.4)

Beginning
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Euthanasia

Cheese matrix + DSS

PBS + DSS
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> What is the respective role of the different constituents of milk?

> Lipids ?
> Proteins ?

> Skim milk permeate, skim milk, Whole milk
> Fermented by Pf 129 until 9 logs reached

> Aqueous phase ?
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> Products given by gavage before colitis induction in mice

i

INFLAMMATION

Treatment
T T T T I I I 1
Euthanasia
7 DSS administration 14
I
DSS 2.5% (w/v) |
>
( &
%
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> Gut barrier permeability [

1. Paracshier 2 Tranwadslr '@d‘ Fathogens @ Food aengen

*k*

% of **™TC-DTPA dose in blood
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> Gene expression
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> Gene expression
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> Propionibacteria immunomodulatory probiotics
> Fermented dairy products, good probiotic delivery vehicle

> Dairy fat plays a role

> Thank you for your attention!
Any kind question?
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