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NATURAL
eHOUSE.

MOPPY.

The product even continue to
work until the next time you
clean due to the beneficial
organisms.

Ultimate =
Multi Probiotic g
7
1

Restore Ultimate
Intestinad Florn Balnne

12 strain blend for the ultimate
health of the full length of the

Daily use of Jourdan’s probiotic _ )
small and large intestine.

aftershave lotion will leave your face
feeling comfortable and moisturized

Siléntnight

Purotex, Allergy UK approved probiotics, keeps the
mattress naturally hygienic and dust/mite free.



Pro-/Pre-biotics are Making an Impact in Research
and in the Global Marketplace !

= A vast body of science of 7000+ publications.

= Hundreds of probiotic foods and dietary supplements

= High global market for prebiotic cereals, probiotic drinks,
yoghurts, pills represent a €22bn+ (2012).

= Market estimates have that global market expanding about 30% to
be worth €35bn in 2017

= Regulators, scientists and marketers do not always see eye-to-eye.

= EU Regulation Nutrition & Health Claims (NHCR) 1924/2006:
banned all pre- and probiotic claims & even the use of the terms ‘prebiotic’
and ‘probiotic’- heavily challenged the industry.
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Scientific papers «bifido*» and «function*»
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ELIE METCHNIKOFF

L]
CREDIT: Mondadori Portfolio | Getty Images O l | t I I n e

= The Probiotic concept
= The GI Microbiota “organ”, where most of the action takes place!
= Probiotic bacteria, selection and challenges?

= Qutlook for the probiotic-microbiota-human health
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The Origin of the Probiotic Concept

llie Metchnikov (1845-1916)

An Ukrainian Biologist

1908 Nobel Price Medecine: | 3

discovered phagocytes and other ‘The = =
: 'Prolongation
immune system components g e

R )ptimistic Studies

.\

SRpikoff

_ _ _ Elie Met
Observation on longevity of Bulgarian paysants: ;
« The ingestion of high amounts of lactic acid bacteria in
fermented milks increase life expectancy by protecting the

organism against several diseases ... »
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Probiotic definition pro - bios = for life

Bifidobacterium longum

E'H C. Lacroix - LFB

Microorganisms that enhance health

Lactic acid bacteria could inhibit the growth
of detrimental bacteria through acidification
(Metchnikoff).

Definition der FAO/WHO 2001:

Living microorganisms, which, when
administered in adequate amounts,
confer a health benefit on the host

Include strains of: Bifidobacterium sp.
Lactobacillus sp.
Saccharomyces sp.
Enterococcus sp.



First probiotic are “lactic acid bacteria”

—
= Historical focus on lactobacilli and ' nio®’ 1 E‘ gy
bifidobacteria T e
e S w
Metchnikoff (1907): Lactobacilli linked to longevity ~

Tissier (1905): Bifidobacteria present in high number
in infants

No significant pathogens among LAB

Other currently used probiotics:

Escherichia coli (Nissle 1917)
Enterococci: E. faecium SF68

Yeasts: Saccharomyces boulardii
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Common Questions on the Benefits of Probiotics

= \What can beneficial microorganisms really accomplish?
= Can these products benefit human (or animal) health?

= When it comes to probiotics, what is real and what is fiction?
= What is the best product for ....?

= What scientific research to support the rational development of
probiotic functional foods with approved health claims?

: Clinical Guide to
http://www.mdpassport.com/Resource PROBIOTIC SUPPLEMENTS

Centres/nutrition/pdfs/Canadian%20Pr
obiotic%20Chart%202014.pdf Indications, Dosage Forms, and Clinical Evidence to Date A

Author: Dragana Skokovic-Sunjic BScPhm RPh NCMP
CCFP FCFP NCMP,
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http://www.mdpassport.com/ResourceCentres/nutrition/pdfs/Canadian%20Probiotic%20Chart%202014.pdf

Our Microbiota

» The human body offers several
niches for microbial life

= Colonizing bacteria have
coevolved into a mutualistic
relationship with their host

Microbiota;

Microbial life forms within a
given habitat or host

E'H C. Lacroix - LFB
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The human Gl tract as a niche for bacterial life

a b
= The human GIT offers
a multitude Of niCheS | pH gradient Microbial biomass
for bacterlal |Ife Sagmj’ Oral cavity, 1057 cells/ml Stomach .15_5 1073 cells/ml
Esoh Duodenum 5-7 10* cells/ml
sophagus
= Each niche is colonized Jejunum 7-9 10 cell/ml
by different bacterial . N e
species adapted to the Liver cromach N
specific environment Duodenum . Pancreas
:Q—Colon
Ileosgi:\;l | , j . Colon 5.7 10" cells/ml
= The most densely Cecun —_ 18 ] Jejunam
colonized niche isthe e | pectun

large intestine with up
to 10 cells/ml

Adapted from: Walter, J and Ley R E, Ann. Rev. Microbiol. 2011
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Gut microbiota - forgotten organ - second genome

 Human intestine contains ca. 1 kg bacteria
- Very high density (104 bacteria) ~ own cells

- Metagenome (over 3 M genes) ~100x own
genome, encoding ca. 20’000 proteins

 Highly diverse ecosystem - mostly strict
anaerobic species of which many are not yet
identified or yet cultivated

 Each individual harbours at least 160
Actinobacteria Bacteroidetes abundant bacterial species, with high
Verrucomicrobia individual Ity

Quin et al. 2010 Nature 464:59 | . d d ili d
Saulnier et al 2011 Gastroenterol 141:1782 Normal consortium a apte » F€SI lent an

Dorrestein et al 2014 Immun 40:824 functionally stable
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Gut microbiota — Impact host physiology & health

—— Esophagus

- Acetate: energy source, precursor

- Propionate: gluconeogenesis
cholesterol synthesis, anti-inflam.

- Butyrate: energy for colonocytes,
cellular proliferation, anti-inflam.

m C. Lacroix - LFB

Development of digestive system
physiology

Immune system training & regulation

Colonization resistance to pathogens

Digestive capacity: Anaerobic metabolism
degrades indigestible compounds:
- SCFA - ++ host health, extra energy

- H,S, ammonia, phenols = -- host health

- degradation of xenobiotics

Interactive host-microbiota metabolome,
signaling, & immune-inflammatory axes

(> 500’000 compounds) physiology connect
the gut, liver, muscle, and brain.



Structure of the intestinal microbiota

Great phylogenetic diversity (b) Feces: phyla (d) Feces:functions

Individuality of microbiota
composition

Impacted by age, diet, disease

loledas =1 'h.'—'-'.l.",?-"“ ",'-*'Il*'l'

e - -
e N e B

Little functional variation -
LI-.J lLJ I-I_HILIL 'II '.II

-
e

: : BN Firmicutes B Central carbohydrate metabolism
Common funC“OnaI reqUIrementS B Actinobacteria I Cofactor and vitamin biosynthesis
. . . B Bacteroidetes Oligosaccharide and polyol transport system
Niche SpElelC functions Proteobacteria BN Purine metabolism
B Fusobacteria Bl ATP synthesis
Resilience Of the miCI‘ObiOta BN Tenericutes [ Phosphate and amino acid transport system
[ Spirochaetes B Aminoacyl tRNA
B Cyanobacteria B Pyrimidine metabolism
[0 Verrucomicrobia 0 Ribosome
. M7 B Aromatic amino acid metabolism

m C. Lacroix - LFB Lozupone, C. et. al., Nature, 2012



Fermentative Activity in the Human Colon

To salvage energy from non-digested dietary residues (carbohydrates) and
endogenous secretions (e.g. enzymes and mucus) through fermentation

Reduction in bacterial activity

Decreasing SCFA production
pH6.1-6.4

Proximal colon
1010-10" cells g
High substrate concentration
Active bacterial growth
Carbohydrate fermentation
High SCFA production
pH5.4-59

E'H C. Lacroix - LFB

Transverse colon
10"1-10"2 cells g

Depletion of substrates

Distal colon

Small intestine >10"? cells g
10*-107 cells 9_1 Low substrate availability
Slow bacterial growth
Protein fermentation

Low SCFA production

pH 6.1 - 6.9

Payne et al 2012 Trends Biotechnol 30:17
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Fermentative Activity in the Human Colon

To salvage energy from non-digested dietary residues (carbohydrates) and
endogenous secretions (e.g. enzymes and mucus) through fermentation

Crossfeeding:

metabolites from fibrolytic
and glycolytic bacteria are
continuously used by other
groups of microbes

E'H C. Lacroix - LFB
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Ecological interactions in the human colon

e D - o D
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metabo | ites ——Esophagus
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Bacterial

\ metabolites
Human gut
microbiota |

= Microbial perturbations & dysbiosis reported for many diseases and disorders

= A plastic metagenome

Chassard & Lacroix 2014 Curr Opin Clin Nutr Metab Care 16:453
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The Importance of the Gut Microbiota

The impact of microbes has been underestimated
Potential to improve human health through gut biota

b . \ =

Affected by diet, ageing, exogenous microbes

The Gut &

pik = Correlated with > 20 chronic diseases, inflammatory
The Inner Tub&¥oef L : : ) .
= o disorders, obesity, metabolic syndrome, diabetes,...etc.

= |nvolve with the programming of host metabolism!

How to influence the gut microbiota?

E muel , Infection 5=

oty P arkmsunsrmcl e = Ingest food which influences microbial

s 2 Nzheimer's "1 .. .
S n[lp[]mema 5=*Eﬁi]; *'“‘fsuecggum : composition (maybe prebiotics)
EM!hlllmésm |a E ES - g
lllnersnﬁsgrgelﬁs : fn I
dlﬁlclhg:

g
Liver

Colitis Ubesduﬂl
Ard *he*osclern
Entur!cla!
Imtahle

= Drugs, e.g. infection and antibiotics

Stumat:h

Bmhns

= Ingest bacteria (probiotics)

Need for strong scientific evidence!
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Control of
Inflammatory

Suppression of Control of
endogenous Irritable Bowel

Pﬂﬂ"ﬂﬁlﬂ:ﬁ Syndrome Bowel Diseases Alll;wiata
Proposed L — |
I
- somes | St
Health Benefits arns in infants
. . Colonisation f Etﬂangttwned—
from Probiotics resistance T :p:rﬁEZity

\d
Suppression of \ /
a:;lgenma
. o o pathogens. : OWEer sarum
Strain s_pecmc eg.ravelr S sl
properties! ki

Mechanisms?? E..,,m
deconjugation

Supply of SCFA
and vitamins Mﬂtﬂbﬂﬁﬂ effects —7 and =
(eg folate) to the
colonic epll:r'rehum \A

Saarela et al., 2002 Int J Lactose

Food Microbiol 78:99-117 Lower IEVEI of hydrolysis

toxigenic/mutagenic
Rauch & Lynch 2012 Cur Op reactions in the gut

Biotechnol 23:192 Reduction in risk / \‘
factors for colon Improved lactose
. cancer tolerance
E ' H C. Lacroix - LFB




Four pilar selection for probiotic microbes

Safety

e Human origin
 Strain typing
 Virulence factors
 Antibiotic resistance
» Genetic stability

e Growth impact

e Easy and cheap cultivation

Functionality

\ / e (Human origin)

« Survival in the GIT
» Adhesion to epithelial cells

* Immuno-stimulatory with
appropriate cytokines

 Inhibit Gl pathogens
» Desirable metabolic activities

« Anti-mutagenic and anti-
carcinogenic properties

 High viability in process

 Stability in products
* Robust physiology
* No off-flavours

Technology

Efficacy and effectiveness in vivo (animal and human)

21




Probiotic Mechanism & Validation

Molecular
responses
of host in vitro

Probiotic strain Molecular / ¢
selection based responses
- —_—
on molecular of probiotic \ Animal model
properties in situ responses
" in vivo
\
\\ ¢
A
- - - H m
Microbiology of strict uman M
responses
anaerobes & Systems el <>| human health
biology (meta-)omics (biomarkers) PRl

Current Opinion in Biotechnology

E'H C. Lacroix - LFB Marco et al 2006 Curr Opinion Biotechnol 17:1 ~ Payne et al 2012 Trends Biotechnol 30:17



Technology, a Major Bottleneck of Probiotics

To date selection of probiotics has been largely limited by their technological
suitability: growth, stability - high viability in products.

Strains with exceptional functional health properties are often not considered
for application.

Currently used strains only represent a tiny proportion of the potential in
the GIT.

As a result the only a limited number of strains are “viable options” as
commercial probiotics.




Selection of stress tolerant probiotics

e.g. heat, oxygen, product application The spore solution:

Not all bifidobacteria behave the same Bacillus coagulans

Bakery, chocolate, candies,
100
90 Heat tolerance of different coffee, tea, ...
80 bifidobacteria species s7-¢ x 5 min)
E L T
> 70 A i.[ I
2 60 - L
3 60
o 50 -
=
E 40 m'm
& 30 aln
2 20 =
10 aln -
0
L gqur>amn = E 0 EEE d by
I I I LY
PSS G Ec SSSF2SSS3EETEEWEEE
5 ERRE S AREREFS Hh4 £ ) 13 BN £ 5
o o o g "9 g8sg  E@ &5 S
w 283 o £ =
93 S d a
g o

tt

Simpson et al. 2005 JAM 99:493

E'H C. Lacroix - LFB 24




)'r.a’ Staying Alive !
Y

v" Critical for product effectiveness: general accepted
limit of 10°- 107 viable cells/ml or g during shelf-life

Current challenges for probiotic technology:

= EXisting probiotic strains

Increased robustness leading to greater product

efficacy and diversification, e.g. by physiology
programming

= New probiotic strains

Get technologically unsuitable strains with high
functionality in products

= Set up accurate methods to measure viability

= Develop valid biomarkers of activity

m C. Lacroix - LFB 25



Claims for microbial strains are (currently)
only possible in the pathway of pharmaceuticals

Functional microbial strain

Yy v NS o\ &
p U
1
h\::' /;;' —1}\| ;'j} Xt
Y\ i 1V X

Food pathway Drug pathway

(probiotics) : (pharmabiotics)
Yo S
O
-efsam
European Food Safety Authority EUROPEAN MEDICINES AGENCY

SCIENGE MEDIGINES HEALTH

e Limited to QPS species
» Health claims at most (none so far)

No QPS limitation
Disease claims (need to prove)
Developing field, regulation required

ETH



THE REGULATORY ENVIROMMENT

Regulatory environment varies greatly across the globe

EU: Except for aiding lactose

P *‘ﬁ' digestion, there are, as yet, no ,
ﬂi‘h £ approved health claims for longest
3 probiotic organisms. Since late established |
- 2012, the term “probiotic” is no market for
The Amencas are S S bioti
not as sirict as the ckag
Agia Pacific is the and permits
EU. Canada, for t\,__ H,.\,_{ region with the health
example, has a list claims for a
of micro-organisms large
approved as nusmber of
“probiotics™ and et
some general
claims like i
“provides the micro- circumventing \
organisms that EU restricions \‘.‘?.' 11h
confribute to a Chie permits h"m :
\__ healthy gut flora” imd:.ni:;t "mm'i.h-
help to R -F".'u"!
stimulate the : y
ol Australasia: Fairly p
such claims are permissive. Health
limited to claims assessments
probiotic dairy are made on a case-
ot by-case basis.
& Etromoniior ilemational  HEALTH AND WELLNESS: THE FUTURE OF PROBIOTICS (PART TWO)- CHRONIC DISEASE PASSPORT 3E
AND SCIENCE VERSUS REGULATION




How Is Health Claim Scientific Data Assessed?

EU Regulation Nutrition & Health Claims (NHCR) 1924/2006

4

~ efsam

European Food Safety Authority

PASSCLAIM: Process for the Assessment of Scientific Support for Health

Claims on Foods:

1. The bioactive substance (constituents) must be clearly characterized.

2. The claimed health benefits must represent a benefit for human health.

3. A cause-effect relationship must be proven.

4. Need support from Well Designed, RCT Clinical Studies in a normal, healthy

population

Bioactive Substance
/ Food

m C. Lacroix - LFB
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Outlook: Probiotics for Food

= Mechanisms and causality of gut microbiome-dysbiosis-disease

= Biodiversity of gut microbiota is key to health: e.g. barrier effect to
pathogens, IBD, NEC, diabetes, etc.

= The concept of single strain probiotics may be oversimplistic.

= Probiotic functionality is key but very difficult to scientifically prove in
healthy populations.

= Mechanisms and validation of probiotic efficacy in double-blind placebo-
control randomized trials: data in high demand!

m C. Lacroix - LFB



Microbial Therapy in Medecine

= A fully open field with huge potential!

= New paradigm for how we treat disease: e.g. antibiotics for infections

=  Systemic targets are multiple : infections (CDI), obesity-metabolic syndrome,
inflammatory / allergic diseases, depression.

= Anaerobic culture and technology is key for the generation of second
generation probiotics :

= Akkermansia muciniphila, dominant commensal of the mucus layer, control
obesity & associated metabolic diseases?

= Faecalibacterium prautznii, butyrate-producer, treatment of IBD.

= Third generation probiotics as new medical therapeutics likely to rely on
trophic interactions for network reconstruction.

m C. Lacroix - LFB



. —




	Slide Number 1
	Example of probiotics products
	Misleading and false?
	Pro-/Pre-biotics are Making an Impact in Research � and in the Global Marketplace !
	Scientific papers «bifido*» and «function*»
	Outline
	Slide Number 7
	Probiotic definition
	Slide Number 9
	Common Questions on the Benefits of Probiotics�
	Slide Number 11
	The human GI tract as a niche for bacterial life
	Gut microbiota - forgotten organ - second genome
	Slide Number 14
	Structure of the intestinal microbiota�
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Probiotic Mechanism & Validation
	Slide Number 23
	Slide Number 24
	Staying Alive ! 
	Claims for microbial strains are (currently)�only possible in the pathway of pharmaceuticals
	Slide Number 27
	How is Health Claim Scientific Data Assessed?
	Outlook: Probiotics for Food
	Microbial Therapy in Medecine
	Slide Number 31

