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What is the microbiota?

- Ecological communities of commensal, symbiotic and pathogenic
microorganisms found in and on all multicellular organisms studied to
date from plants to animals >

-> Microbiota includes Bacteria
Archaea, Protists, Fungi,
Viruses

> Crucial for immunologic, hormonal and metabolic homeostasis of their
host

= The term microbiome describes either the collective genomes of the
microorganisms that reside in an environmental niche or the
microorganisms themselves
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Human microbiome

= = all microorganisms on/in the human body, their genes, and
surrounding environmental conditions

= Human being = ecosystems that are comprised of distinct ecologic
niches or habitats, each housing a discrete collection of coevolved
bacteria, archaea, viruses, and lower and higher eukaryotes that
interact extensively with each other and with the human host

- Changes in typical immune interactions, biomolecular activities, or
pathogen exclusion are associated with such diseases as inflammatory
bowel disease, autism, and cancer




Microbiome by the numbers
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= Collectively encodes more genes, by several orders of magnitude, than
the human genome
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Definitions

= Microbiota or microbial community is a collection of microorganisms in a
habitat.

= Microbiome refers to “the entire habitat, including the microorganisms
(bacteria, archaea, lower and higher eukaryotes and viruses), their
genome (i.e., genes), and surrounding environmental conditions”

> The term microbiome is often used in conjunction with a specific
body site—such as the gut, skin, or respiratory microbiome—or as
an all-encompassing term to refer to all microbiomes on or in the
human body, that is, the human microbiome

- Metagenome refers to all genomes or genes encoded by a microbiota

= Metabolomics is the scientific study of small molecules (metabolites)
that are created from chemicals that originate inside the body
(endogenously) or outside the body (exogenously)




Différentes approches permettant I'étude du microbiote
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Methods to study microbiota

= Culture-based method
» Relatively correct for aerobic bacteria
» Intestinal bacteria; mainly anaerobic
»  80% of bacteria are cultivable

) “Ii :
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- Molecular techniques, independant of the culture
» Bacterial DNA mainly: sequencing the 16S ribosomal RNA genes
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Avalilable strategies

= Targeted approach
> Most used and most accessible

16S rRNA gene

Vi w2 Vi va Vs Ve W7 V8 V9
s—___ 1 1l H Il B B B B B

r| Canstant region . Hypervariable region

» Available technologies: sequencing only 1 or 2 adjacent
hypervariable regions of the 16S rRNA gene (lllumina MiSeq or
lllumina HiSeq)

- Global metagenomics

= shotgun
» Access to all the dominant genes present in the sample
> Access to microbiome functions
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Differences between the 2 more common strategies

lum C ily
Domain Phyl ass Order Family Genus Species Pl Fa
(2 (32 (79 (123) (203) (259) (57) Dcmaln (Zg)um %a‘s)s C()4r%er (10?)'y G(ggg)s S;()g;z)

@» Lﬁ'% PCR - Shotgun —
fﬁ sequencing sequencing
g METAGENETIC METAGENOMIC

Partial information
Only Taxonomy

Bacteria or Fungi Complete information
7 Accessibility to all of the genes: 16S,
resistance (resistome)
Taxonomy + Function
Accessibility to DNA/RNA:
Bacteria, Fungi, Virus...and
Eucaryotes

Sequencing effort +++
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Conducting a Microbiome Study

Develop a question

Choose study subjects and controls

Animal studies
Human sudies

1

Conduct the study

Sample
Store samples
Extract DNA
PCR and sequencing

1

16S rRNA gene analysis

Filter and normalize
OTU analysis

1

Diversity analysis
Visualization
Classification and clustering
Modeling

1

Annotate and deposit data

10
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Analytical flow to study microbiota (targeted strategy)

'@Wj? e * Sample De-multiplexing
Sy * Quality Control
raccomemcascacasan. P .
2o aCaROasORA * Sequence clustering into
Extract DNA and amplify socaccronseac OTUs (Operational
e wich barcoded Assign reads to Taxonomic Units)
communities . .
l * Pick representative
sequences
* Assign Taxonomy
A » phylogenetic tree
16S:
Greengenes l
| = OTU table
e - ANALYSIS
e Using = 16S sequences
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Choice and collection of specimens

- Depending on microbiotas to analyze

= Example: Gut microbiota
»  Stools, intestinal tissue biopsy....

- Same way for collection, storage and process of all the specimens used
In a particular study

= Warning of batch effect
» Ideally: simultaneous process for all the specimens
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DNA extraction

Genomic DNA Isolation

= Different protocols

Sample Cell Lysis Protein DNA
I R | Precipitation Reh dratlon
) Q|agen L Preparation emova p Y
DNA Purification
b Sample ) Binding Wash DNA Elution
reparation

¥-E-§-7

- |nternational Human Microbiome Standards
» Consortium
» Standard operating procedures
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Amplification of DNA and generation of DNA librairies

= Choose hypervariable regions: mainly V4-V5
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Various functional elements included in primers

2 c ~ DNA region of interest
’| P— Jt
; 2 i
. l s £

v
Forward Primer 1I2WILY 9519y

——> Binding sites for lllumina sequencing primers

v
Index sequencing primer

» P5 adapter P7 adapter <
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Processing and Analysis of 16S rRNA SequenceData

A Molecular tagging

Tagging with long forward primer

3y -

16S rRNA gene

Tagging with long reverse primer

v

5'

Single tagged 16S rRNA gene template 3

Amplification of tagged templates

extension product * tagged R primer X &'

5' ‘-l - 3'
40 A Double tagged template s
o
VS
s
y =
Tagged 16S rRNA gene
amplicons
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B Tagmentation and amplification of end +
internal fragments

— ~ —
a—
Y —
Left end + Internal Right end + Internal
fragments fragments

(~400-1500 bp after size selection)

C Sequencing and assembly

Read pairs from MiSeq nano
A 3 A I
_— g ‘—‘_ —_ — o
Full length libra Leftend + Right end +
:;ds 14 Internal reads internal reads
v v -

Computation of unique end + end tag clusters and
removal of putative recombinant clusters

Binning of end + internal reads into end + end
clusters

v

- — —
e —
re S - 3
Reconstruction of 16S rRNA gene templates via
bin assembly
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Assignment of Reads to Operational Taxonomic Units

= OTU = cluster of nucleotide sequences highly similar

- OTU = species
> >97% of nucleotide identity

- Taxonomy assignment
> Mapping to a reference 16S rRNA sequence database

O RDP Ribosomal Database
0O Greengenes (1,049,116)
a ARB-Silva

= Estimation of diversity
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What is biodiversity?

- Biodiversity is basically the variety within and among life forms on a site,
ecosystem, or landscape. Biodiversity is defined and measured as an
attribute that has two components — richness and evenness

- Richness = The number of groups of genetically or functionally related
individuals

» richness is expressed as the number of species and is usually called
species richness

- Evenness = Proportions of species or functional groups present on a
site
> The more equal species are in proportion to each other the greater
the evenness of the site

» A site with low evenness indicates that a few species dominate the
site

. ) )y



Mesure de la diversité du microbiote

- Richesse : nombre d'OTU par échantillon

»  Estimation de la richesse : courbes de
raréfaction, Chao-1

-> Biodiversité : nombre d’'OTU et leur
abondance relative

» Estimation de la biodiversité :
Shannon, Simpson

samplel

— a-diversiteé : diversité intrinséque a
chaque échantillon

sampled

- B-diversité = comparaison des
échantillons entre-eux

» Indice de Bray-Curtis (dissimilarité)
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Biodiversity can be measured and monitored at several

spatial scales

- Alpha Diversity = richness and evenness of individuals within a habitat
unit
» = Variation of microbes in a single sample

= Beta Diversity = expression of diversity between “habitats”
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Species richness "How many microbes?"

= How many different species could be detected in a microbial
ecosystem?

= Species richness is the number of different species in a sample.

- Practically, we count the number of distinguishable taxa:
— DADAZ2 (QIIME-2) amplicon sequence variant (ASV) count
— QIIME-1 sequence clusters, OTUs count
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http://www.metagenomics.wiki/tools/16s/dada2
http://www.metagenomics.wiki/tools/16s/qiime/alpha-beta-diversity

Species diversity "How are the microbes balanced to

each other?"

- Do we have species evenness (equal abundance) or do some
species dominate others?

= Species diversity tells us how evenly the microbes are distributed in a
sample

= Shannon diversity index combines richness and diversity.
> number of species and the inequality between species abundances

— QIIME-1 alpha diversity

= Shannon evenness index (Shannon's equitability index) = a pure
diversity index, independent of species richness
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Beta diversity

= = Variation of microbial communities between samples

- How different is the microbial composition in one environment
compared to another?

- Beta diversity shows the different between microbial communities from
different environments

> Main focus is on the difference in taxonomic abundance profiles
from different samples

- Different parameters
» Bray-Curtis dissimilarity: differences in microbial abundances
» Jaccard distance: presence or absence of species
» Unifrac: phylogenetic tree
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Results presentation

B-diversity Taxonomic composition
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To summarize

Gut. mic.robiota Extract DNA
‘@ mm) YO MD¢
(W D¢ Mg
16S rRNA gene Metagenome
i . T e Mg M4 MDY

Amplification: 16S rRNA Amplification: Functional gene Whole genome sequencing
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Archaeal, Viral and Eukaryotic diversity

- Archaea
> ldem bacteria
= Microbial Eukaryotes
» Lack of standard method & reference database

» Use of the internal transcribed spacer (ITS) region of te 16S rRNA
gene for taxonomic resolution

> 18S rRNA gene in addition of the ITS
- Viruses
> NO gene or genomic region is homologous across all viruses

» To isolate virus-like particles using fractionation and to sequence
those using metagenomics
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Microbiota specificities

Oral cavity

Oesophagus

H. pytori (=)
stomach

H. pylori (+
stomach

&> Actinobacteria
& Firmicutes
& Proteobacteria

< Cyanobacteria
_9 Fusobacteria

Cho & Blaser Nature Rev Genetics 2012
Jernberg et al. Microbiology 2010
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Acquisition d'un microbiote intestinal stable a I'age adulte

Human lifespan
b
kel
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L
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Age Stable adult  Chronic Inflammation/
1-2 years microbiota perturbation ageing
| (poor diet) immunosenescence
I
| -
Changes in gut
g microbiota over time
o |
1=
0
E
o3
1.y
Iz
)
=
(@]
Human lifespan

Greenhalgh et al. Environment Microbiol 2016

Peterson et al. Clin Exp Immunol 201
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Influence of early-life events on gut microbiome

Matemal Diet
Gestational Diabetes

Environmental Exposures? Solid Foods
Gestational Age
NICU Exposure ‘

Breast Milk
Vs. Formula

Rl

-7 7
Lo ° Microbial Abundance

Pregnancy Infancy Childhood Adolesenoe

N\
N
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Influence of microbiota acquisition in early life on infant

development

’ f o
“‘Normal” Missing or
Microbiota “Dysbiotic”
Microbiota
Altered Immune e Autoimmune
Development or Atopy?
Altered Metabolism ~ =*==*= » Obesity?
Normal Altered Enteric Nervous ...... > Autism?
Development System Development
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Phyla

> Stability of gut microbiota in adults

= 3 main phylas

®Bacteroidetes
OBacteroides fragilis

®Firmicutes
OStaphylococcus
OClostridium
OlLactobacillus

®Actinobacteria
OBifidobacterium

®Proteobacteria (<10%)

OEscherichia coli

OKlebsiella pneumoniae

31

Chrysiogenetes
Thermotogae
Nitrospira

Cyanobacteria

Lentisphaerae

Chlorobi

Dictyoglomi

Caldiserica
(ops)

Fibrobacteres

Synergistetes

Gemmatimonadetes

Planctomycetes
Chlgmydiae

Verrucomicrobia
== Bacteroidetes

Spirochaetes /

Dehalococcaides

Chloroflexis,
Chlorofiexi Herpetisphon
Acidobacteria
Uncultivated phyla Deferribacteres

-OP1, OP3, OP8, OPS,0P11

-BRC1 Elusimicrobia (Termite
-0D1 Group 1)

-ABY1 SR1

-TMé6 Fusobacteria

ImM7

-WS2, WS3, Ws5, Ws6 Deinococcus-Thermus

Proteobacteria

Armatimonadetes (OP10)
Aquificae
Addaminococcus
N, Eubacterium

L Osdillbacter




Facteurs modifiant le microbiote intestinal

Geriatric

Host factors
. External factors

Adolescent

Toddler
Infant

Neonate

Prenatal ‘ 99€ at ..

Overall health status

) Generic
Age-specific factors
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= Naissance par césarienne
- Allaitement

- Régime

- Pris d’'atb, IPP...

Greenhalgh et al. Environment Microbiol 2016
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Facteurs modulant la composition du microbiote intestinal

- Génotype de I'héte :
> cas des jumeaux mono et dizygotes : 82 vs 68 % d’homologie
= Alimentation :
» Influence de I'allaitement
> Reégime enrichi en protéines animales
> Fibres dégradees — vitamines et butyrate
- Localisation géographique :
» Etude chez des enfants de 6 semaines : existence d’un gradient géo
» Liée aux habitudes alimentaires ?
- Rythme circadien
> Fluctuations importantes chez un individu sain
»  Obésité, cancer
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Traitements influencant la composition du microbiote

Intestinal

Antibiotic treatment

>

e 4 Ant|b|0t|ques o n=6 n=6 n=4 n=4  n=3 n=6 n=6
100 —o - T
2 90 \I\\ %
2 80 \ T |
5 1 N
€
® 60
50 1
40 ! ! | 1 | 1 ! |
0 1 2 3 4 w30 we 60
Time (days)

de la Cochetiére et al., J Clin Microbiol. 2005

- Prébiotiques : «substrate that is selectively utilized by host

microorganisms conferring a health benefit’ ntemational Scientific Association for
Probiotics and Prebiotics (ISAPP)

- Probiotiques : microorganismes vivants qui, consommes en quantités
adéquates, sont bénéfiques pour la santé de I'homme.
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Maladies inflammatoires chroniques de l'intestin (MICI)

Génétique

« Variants du géne
NOD2
- ATG16LI

Environnement

- Tabac

- Appendicectomie
» Contraceptifs oraux
- Régime

» Allaitement maternel
N Infections...

J

- Dérégulation microbes/hote

Microbiote

« Réduction de la diversité
de la microflore luminale
+ Bactéries pathogenes (AIEC, etc.) |
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Modification du microbiote intestinal avant le

déclenchement d’'une MICI

Eubiose

A
Eubiose intestinale : individu sain
" S Pathogenes spécifiques
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5 O s s -
8 genetique fonctionnel
S S
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3
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Temps
B p
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g g_ Régime faible en fibres riche en viande )
3 '3 Western Régime Mlcropartlt;ules
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£ } v
L4
B Microbiote intestinal
w - .ge ’ ~ - . .
w3 Susceptibilité Systéme immunitaire
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M Dysbiose

C Rupture aigué de I’équilibre intestinal

v N e
o S Pathogenes spécifiques
= s ) -
3 ’3 Antibiothérapie pour une Infection intestinale
g < infection extra-intestinale aigué
= b \
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De |la dysbiose a la maladie métabolique

0
Répétition 40 unités

9 Ceeur du polysaccharide

©0
Changement de Frtllgments e ERTARNEE
régime bactériens LPS Acides gras
Alimentation trop grasse

Stress

Dysbiose intestinale Translocation bactérienne
Récupération énergétique accrue

Inflammation systémique

/ )y
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Axe intestin-cerveau : role du microbiote intestinal dans

les maladies neuropsychiatriques

= Schizophrénie ou troubles bipolaires

» équilibre entre les différentes cytokines pro-inflammatoires ou anti-
inflammatoires perturbé par le LPS et autres marqueurs de
translocation bactérienne

-> Autisme :

> Développement d’anxiété et d'automutilation chez des souris avec
microbiote modifié a une période précise de leur croissance

- Maladie d’Alzheimer : inflammation cérébrale due a des perturbations
du microbiote intestinal

- La gravité des symptdles parkinsoniens correlée a la concentration
d'une espece particuliere d'Enterobactericeae
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Infections a Clostridioides difficile

- Formes cliniques

> 95% de colite pseudo-membraneuse

+ Diarrhée liquide profuse (>7 selles / jour)

* Fiévre (75%), hyperleucocytose

« Déshydratation extracellulaire, entéropathie exsudative

» Endoscopie : Iésions aphtoides jaunatres éparses ou confluentes sur colon + rectum

> 10-25% de diarrhées post-ATB (jusqu’a 8 semaines)
* Modérées, signes généraux absents
* Endoscopie : muqueuse normale ou érosive
* Amélioration clinique en 2-3 jours apres arrét des antibiotiques (25%)

> 10% de diarrhées nosocomiales
» 3% de porteurs asymptomatiques

- Complications

> Mégacdlon toxique, perforation, choc septique : < 5%
> Colectomies : 1%
> Récidives dans les 20 mois : 25%
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Engrenage des ICD

Colonisation
asymptomatique
par C. difficile

Antibiotiques

&
\ <
E &
\
Dysbiose intestinale
A ’
N
k 'QQO
Clostridium difficile ¢

A
(o

© Absence de
toxinogéne récidive
Infection a C. difficile %

6 j )@
Absence de

récidive

20 %

Récidive 6
50 % Récidives
multiples
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Cycle infectieux de Clostridioides difficile

Dysbiose intestinale
Souches toxinogenes
Réceptivité de I’hote (immunité)

[ Estomac \

Elimination des cellules

végétatives
OO0 e@
f+ Soins médicaux \ \_ eoo 3
QY Duodenum \

Germination, croissance et
dissémination

Dl
= 2 @ )
f Colon \ 3

Colonisation, production de
toxines, biofilms, sporulation
COaCD

fol —

w Communauté

‘ ’
\n Annimaux J

)

.0,,‘“;\" sily

!
=Xy

Adapté de Smits et al. Nat. Rev. Dis. Primers. 2016
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Dysbiose et metabolisme des acides biliaires

Acides biliaires primaires (1)
(conjugaison taurine, glycine)

!

Métabolisation par les
bactéries du microbiote
jéjunal et colique

Cholestérol

Acides biliaires secondaires

()

Acides biliaires Effet sur la germination Effet sur les formes
de C. difficile végétatives de C. difficile

Cholate (CA) et conjugués | Germinant | Neutre
|
Chenodésoxycholate (CDCA) Inhibiteur +/- Inhibiteur
Déoxycholate ( DCA) Germinant +/- Inhibiteur
I

Lithocholate (LCA) Inhibiteur
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Dysbiose et metabolisme des acides biliaires

| Normal gut microbiota |

—— 0
4 Diversity \{///) ()= o
— e R N

%ol%

Secondary bile acids—synthesizing microbes

Primary bilc acids Sccondary bile acids

Dormant 1 Germinating C. % aiifis
C. difficile wmmmy difficile spore mm—p  C. difficile

spore (vegetative growth)

No toxin production

Deovycholase

Kho, Z., Front. Microbiol., 14 August 2018
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| Broad spectrum antibiotic perturbation of gut microbiota

ey O

Secondary bile acids—synthesizing microbes

* Diversity

Primary bile acids

1

Secondary bile acids

Dormant C. Germinating C. difficile
difficile spore C. difficile (vegetative growth)
spore

l

4 Toxin production

‘ Inflammation of gut epithelium

Role de Clostridium scindens

Famille des Lachnospiraceae
Producteur de butyrate

Posséde une 7a-déhydroxylase...
Protection partielle ICD de la souris
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Evolution dans le temps de la greffe fécale

FMT appliquée
dans la décolonisation
des BHRe (série de cas)

[6,7]

Efficacité de la FMT dans
les formes graves de colite
(série de cas) [12]

Efficacité de la FMT en
1* cas rapporté de FMT Efficacité dans les formes 1" intention dans
dans les colites récurrentes les infections a CD 027
pseudomembraneuses [2] (essai randomisé) [5] (série de cas) [10]

// 1 1 | 1

77 ' | |
1958 2011 2012 2013 2014 2015 2016
Revue de 317 cas Efficacité de gélules Efficacité du
dans les infections de microbiote congelé microbiote congelé
a Clostridium difficile (série de cas) [22] (essai randomisé)
récurrentes [4] R [23]
Utilisation de
microbiote congelé
(série de cas) [20]

Recommandations francaises,
américaines et anglaises
de régulation des pratiques [21 ]
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Autres indications potentielles

- MICI

= Ttt adjuvant des chimiothérapies par ICI
> ...

= Problématique du « bon donneur »
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La transplantation fécale en pratique

Congélation possible

Qualification du don
(critéres ANSM) Dilution et mixage Filtration

Voie naso-gastrique
« Facilité

Mise en seringues
prétes a administrer

Voie duodénale

« Plateau technique
» Anesthésie

Gélules congelées

+ précédé
d’un lavement colique
Estomac

Gélules lyophilisées ?

Voie rectale

« Lavement
- Coloscopie

« Anesthésie/plateau
technique

Figure 2. Une transplantation en pratique. ANSM : Agence nationale de sécurité du médicament.
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Conclusion

- Méthodes d’'étude du microbiote de plus en plus developpées
- Descriptions de nombreuses implications en pathologie humaine

- Nécessité de mener des études pour prouver chez 'homme ces
implications
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