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Il microbiota
(Bacteria, Archea, Eukarya e Virus) |

Storicamente | microbi sono stati associati con una
connotazione negativa,

1020 batteri nel nostro pianeta;

L’'uomo vive in simbiosi con il microbiota, con cui €
co-evoluto;

Patogeni

Simbiosi - mutualistici @ ~

Commensali




Human Microbiota

Umam' Meta-organismi

ll numero di cellule microbiche e 10 volte
maggiore rispetto alle cellule umane, e
formano un entita metabolicamente ed
immunologicamente integrata ;

biomassa >1 Kg;

ll 50% della biomassa fecale € composta da
cellule batteriche;
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Lee YKL, Science 2010



from reservoir

BIOREATTORE

Gut microbiota

Specie microbiche presenti nel

> 10“cellule batteriche;

» 1000 specie batteriche
differenti.

» 90% cellule batteriche:
» 99% geni batterici

(>3x1C mentre nelluomo
sono 23000);

T cuture tratto gastromtestlnale, con una

Lot densita ed diversita crescente

Oesophagus

104-10% CFU/ml

Streptococcus Stomach

Prevotella <104 CFU/ml

Veilonella Streptococcus

Lactobacillus
Duodenum Staphylococcus
103-104 CFU/mI |EEE Helicobacter pylori

Similar as stomach
+ Veilonella
+ yeasts

Jejunum
103%-10° CFU/ml
Similar as duodenum

olon
10"%-10"" CFU/ml
Bacteroides

lleum

7108
Bfﬁdolga_cterium é?ﬁdl,%agtim
| Clos{ndfum Bacteroides
Ruminococcus Veilonella
Peptosfrgptococcus Clostridium
Eubacterium Enterobacteriacea

Faecalibacterium
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L’epitelio intestinale & N Vil
interfaccia tra microbiota e
tessuti dell’ospite. i
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Plasma cell AR%, Stem cells
" . Paneth cells ,
Lamina propria Peyer’s patch

©Mary E. Morgan

La composizione del microbiota e il risultato di un
equilibrio tra I'abilita di sfruttare i nutrienti e la resistenza
alle forze che tendono ad eliminarlo dall’'intestino s



Caratterizzazione del Gut Microbiota

[ Tecniche colturali J [ Amplificazione DNA ]

< <

e 16S rRNA real time
PCR;

 Non affidabile;
e Batteri con
e |Informazioni coltivabili;
limitate;
e Analisi (semi)
quantitativa;




Caratterizzazione del Gut Microbiota

N
Approccio metagenomico
(Sanger, 16S rRNA pyroseq, lllumina,
Nanopore) )
v \
[ Analisi dei dati

J

* |dentificazione e Metagenome;

genere e specie;

* Raggruppament
o filogenetico;

Composizione
e funzione
genica;

La quantita di informazione genetica
gia disponibile & impressionante e
cresce a ritmo vertiginoso.

Numerosissimi sono i genomi in corso
di sequenziamento che saranno
completati in pochi anni.

La Metagenomica (detta anche
genomica ambientale, ecogenomica o
genomica delle comunita) € lo studio
dei genomi recuperati da ambienti
piuttosto che da singoli organismi
coltivati: comunita intestinali,
comunita marine, biofilm

Meta-analisi: sintesi statistica di
risultati  provenienti da analisi
separate

Genomica analisi completa del
materiale genetico di un organismo

~



Metodologie (OMICHE) utilizzate nello studio e
caratterizzazione del microbioma

since
1990

ﬁ Who they are? %[ rRNA 16S ] =) 16S Metagenomics

What can they do? ﬁ[ Whole DNA | =) | Shotgun Metagenomics Since

2006

mRNA Metatranscriptomics
@ Proteins ] =) Metaproteomics SIince
Metabolites Metametabolomics

WE NEED THEM ALL!... BUT NOT ONLY THEM!
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The first 1000 cultured species of the human gastrointestinal

microbiota
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Fig. 1. Graphical

1900 1920 1940 1960 1980 2000
Time, years

representation of the cumulative number of

cultured species from Bacteria, Archaea and Eukarya from the human
gastrointestinal tract as a function of time. The arrows indicate the

turning points of

the gastrointestinal microbiota research: (1) Isolation

of the first gastrointestinal bacterial spedes, (2) Introduction of strictly
anaerobic techniques, and (3) Introduction of molecular technigues in
the field of the gastrointestinal microbiota research.
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The first 1000 cultured species of the human gastrointestinal
microbiota

Mirjana Rajili¢-Stojanovi¢'? & Willem M. de Vos>*

"Departmi
“Laborato|
Veterinary

Fungi-Basidiomycota (15)fFungi-Ascomycota (49)
Stramenopiles (1)

9 \ Amoebozoa (
\\ Ciliophora (1)N

Apicomplexa 8 N '
Metamonada (

2
Euryarchaeota (6)

£

renarchaeota (§) Actinobacteria (164

Microsporidia ( ) elainabacteria
Yfnergistetes (2
R ( T™7

Fomicata (2) Chlorgff%i

DeinococeusdThermu,

Spiroch#tes (3 \

Fusobacteria (13)

100%

Firmicutes (450)

Gemmatimonadetes
irmicutes/Halanaerobiales (1)

Proteobacteria (214)

Lentisphaerae (1)

Planctomycetes (1)

Bacteroidetes (99

Fig. 2. Phylogenetic tree of the human gastrointestinal microbiota. The numbers in parentheses indicate the number of cultured species given
per phylum. The pie charts illustrate distribution between the number of species with full genome sequence genome (full sectors), the number of
species with partial genome sequence (semi-full sectors) and number of species without any genome seguence (empty sectors) given for
Archaea, Eukarya and per phylum for Bacteria. The color code of pies corresponds to the color code of the phylogenetic tree.




La maggior parte delle specie batteriche presenti
nell’intestino non possono essere coltivate nei
comuni terreni di coltura

 Actinomyces

« Arthrobacter

* Bifidobacterium

» Micrococcus

» Corynebacterium
* Nocardia

* Mycobacterium

* Streptomyces

2 phylum principali:

» Firmicutes (Gram-positivi);

» Bacteroidetes (Gram-negativi)

Akkermansia muciniphyla

Verrecomicrabia

Cyanobaciena
mi—___
Desulfothicwibric ;
T TANS
Euryarchaeota =~ ; * Escherichia coli

» Salmonella typhi

* Vibrio cholerae

* Helicobacter pylori
» Kordiimonas

» Parvularcula
 Fulvimarina

» Bartonella

* Brucella

. o .
(emmapmisobactaris *Dellaproiectacierna

Epsilaprolenbacteris
Alphapriechaciena

proteobacteria

Betaprolechaciena

11




Sequenziamento con metodo Sanger di 22 metagenomi di
individui di Danesi, Francese, Italiani e Spagnoli.
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Profili funzionali e filogenetici del gut microbioma umano

Arumugam M. et al & MetaHIT consortium (2011) Enterotypes of the human gut microbiome. Nature 473, 17480
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Bacteroides uniformis ' rmo L e B B

Alistipes putredinis ' L — N
Parabacleroides merdee —— N T e
Dorea longicatena o smmw o T °
Ruminococcus bromii L2-63 e — e I I s t
Bacteroides caccae [ —— N N | ® eq u e n Z I a-m e n 0
Clpstridium sp. S52-1 P orows I I
Bacteroides thetalotaomicron VPI-5482 —_—
Eubacterium hallii . ar L s M B |
Ruminococcus torques L2-14 [T S—— N T— o
Unknownsp.SSﬂrl 110 FUHEE ST e} metagenomlco con
Ruminococcus sp. SR1 5 L s I N |
Faecalibacterium prausnitzii SL3 3 " i o I W |
P R ————r—
Collinsella aerofaciens ! W EmEmn 0 — T °
Dorea formicigenerans ! o — [T 1+—— t d I I I °
Bacteroides vulgatus ATCC 8482 o om e—{ T m e O O u m I n a-’
Roseburia intestinalis M50 1 —_— T
Bacteroides sp. 2_1_7 P 0 T ——
Eubacterium siraeum 70 3 v one e —m T }—— o
Parabacteroides distasonis ATCC 8503 e mn —— T }——
Bacteroides sp. 9_1_42FAA — T o I 2 4 euro p el
Bacteroides ovatus ' [ I — ’
Bacteroides sp. 4_3_4T7FAA o m— T }—
Bacteroides sp. 2_2_4 'y }
Eubacterium rectale M104 1 o amn—LT}—1
Bacteriodes xylanisolvens XB1A I
Coprococcus comes SL7 1 ' Ve —T1—
Bacteroides sp. D1 ' —_—_ T
Bacteroides sp. D4 [RR I
Eubacterium ventriosum N e I S—
Bacteroides dorei [ — e,
Ruminococcus obeum A2-162 —TL{1T
Subdoligranufum variabile ' v —LT—
Bacteroides capillosus —T{L 1
Streptococcus thermophilus LMD-9 — T
Clostridium leptum " ' — T 1 " 1
Holdemania filiformis ' { }
Bacteroides stercoris [ N I
Coprococcus eutactus S e S T—
Clostridium sp. M2 1 | T J}—— 1 m 11
Bacteroides eggerthii e S E— ]
Butyrivibrio crossotus — T
Bacteroides finegoldii — 1T =
Parabacteroides johnsonii ! I — (1 e m
Clostridium sp. L2-50 —_—
Clostridium nexile T 1 e T '
Bacteroides pectinophilus w o —] T} T T
Anaerotruncus colihominis v T }——im=
Ruminococcus gnavus — T 17— w1 o= nana
Bacteroides intestinalis —] T 11 mm
Bacteroides fragilis 3_1_12 e Y
Clostridium asparagiforme —LT 3
Enterococcus faecalis TX0104 T}
Clostridium scindens v T wo
Blautia hansenii —{T1+— ' o
R
Relative abundance (log, ) Qin J. Et al. (2010) A human gut microbial gene
Figure 3 | Relative abundance of 57 frequent microbial genomes among catalogue established by metagenomic sequencing.

individuals of the cohort. See Fig. 2¢ for definition of box and whisker plot. Nature 464, 59-65
See Methods for computation.
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33 metagenomes
(Sanger)

b

85 metagenomes
(llumina)

Subdoligranulire

[ “Peptostreptococcaceae

 Ciascun Enterotipo € identificabile
dalla predominanza di uno di tre
generi : Bacteroides, Prevotella e
Ruminococcus.

 Gli Enterotipi sono caratterizzati
dalla presenza di gruppi di specie
che contribuiscono a definire una
determinata comunita microbica;

Enterotipo 1
5 Fermentazione di carboidrati e

proteine; elevato potenziale
saccarolitico;

Enterotipo 2

Degradazione glicoproteine della
mucina,;

A\ Obese 54 metagenome
<% 18D (16S pyroseq.
d Bacteroides Prevotella Ruminococcus
=
05* QS— 0.06
(] —
§ 0.3 0.2 :
3 —
£ - 0.1 0.02
0.1 E g T
é [ e ———— 0.014 é E =
T T T T T T
1 2 3 1 2 3 1 2 3
Enterotype Enterotype Enterotype
e oy
Alkaliphilus Geébecter Akkermansia VemouaH b Akkermansia
__Helicobacter .
Catenibactekitim. \ d & K Sp hmg DO;\ Gordonibacter
Yo W A *RiifinGcoobacsas Leuconostoc bacterium ., /
N “ Bacteroides . -4 y
Parabacteroides - ; Ruminococcus
aphylococcls Rumino

cy’i«"/}“"/\:\‘ / \:7:;-\_ Clostridiales Eg gertheﬂa’ Prevotella -~ Peptostrepto
/;"//Laciopaéi‘ﬁus 'y b/o
\ ) Desulfovibrio |, |\ Holdemania
Methanobrevibacter §. Slackia e
Rhodospirillum o .
Escherichia/Shigella

o Main contributors
O Genera co-occurring with main contributors

coccaceae

Staphylococcus

Marvinbryantia \gﬁaﬁs fer

Symbiobacterium

\ Positive correlation (>0.4)
\ Negative correlation (<—0.4)

Enterotipo 3

Piu frequente, comprende batteri
capaci di degradare la mucina
(Akkermansia muciniphila);

Arumugam M. et al & MetaHIT consortium (2011) Entérdtypes
of the human gut microbiome. Nature 473, 174-180




COG0351

DA.AD.1
ES.AD.2

IT.AD.4

52
COG0422

/\ Obese

< 1BD

b Biotin biosynthesis

8-Amino-7-oxono
nanoate synthase

Adenosylmethionine-8-amino
-7-oxononanoate aminotransferase

Dethiobiotin synthetase

Biotin synthetase

Biotin (vitamin B7)

€ Thiamine biosynthesis

COGO0422 | Thiamine biosynthesis protein
Hydroxymethylpyrimidine
kinase

COGO5 Phosphomethylpyrimidine
kinase

COG0352 | Thiamine-phosphate

pyrophosphorylase

COGO0611 | Thiamine-monophosphate

kinase
Thiamin diphosphate (vitamin B1 precursor)

d Haem biosynthesis

Fet*

I[ron transport system :I :I:

HemE HemG
COG0407 COG0716 * Protohaem
> > P>
COG0408 COG0276
HemF HemH
COG0007

. Sirohaem

C0G1648CysG

Differenze funzionali tra
enterotipi

Le differenze funzionali e filogenetiche
tra gli enterotipi riflettono combinazioni

diverse tra catene trofiche microbicheon

conseguente impatto e sinergia con

I'ospite.

Arumugam M. et al & MetaHIT consortium (2011) Enterotypes
of the human gut microbiome. Nature 473, 174-180 15



LETTER

15 MAY 2014 | VOL 509 | NATURE | 357

doi:10.1038/naturel3178

Dynamics and associations of microbial community
types across the human body

Tao Ding' & Patrick D. Schloss

B Community type A

100+ B Community type B
o Community type C
p-4 80 B Community type D
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ARTICLE

doi:10.1038/nature11234

Structure, function and diversity of the
healthy human microbiome

The Human Microbiome Project Consortium*

a Phyla

b Metabolic pathways
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o 242 adulti (4788 campioni);

« | taxa microbici variano;

» | pathways metabolici rimangono stabili;
* Ridondanza funzionale;

Firmicutes
Actinobacteria
Bacteroidetes
Proteobacteria
Fusobacteria
Tenericutes
Spirochaetes
Cyancbacteria
Verrucomicrobia
™7

Central carbohydrate metabolism

Cofactor and vitamin biosynthesis
Oligosaccharide and polyol transport system
Purine metabolism

ATP synthesis

"

[0 Phosphate and amino acid transport system
bk s il BB Aminoacyl tRNA
I Pyrimidine metabolism
% [ | ;
- ..u-;' | ﬂ'ffﬂ o 8 Ribosome
[ AL, ~.F| B Aromatic amino acid metabolism

Anterior nares RC Buccal mucosa Supragingival plaque Tongue dorsum

Figure 2 | Carriage of microbial taxa varies while metabolic pathways
remain stable within a healthy population. a, b, Vertical bars represent
microbiome samples by body habitat in the seven locations with both shotgun
and 168 data; bars indicate relative abundances colored by microbial phyla
from binned OTUs (a) and metabolic modules (b). Legend indicates most
abundant phyla/pathways by average within one or more body habitats; RC,

Stool Posterior fornix

retroauricular crease. A plurality of most communities’ memberships consists
of a single dominant phylum (and often genus; see Supplementary Fig. 2), but
this is universal neither to all body habitats nor to all individuals. Conversely,

most metabolic pathways are evenly distributed and prevalent across both
individuals and body habitats.

The HMP consortium. Structure, function and divgref the healthy human microbiome. Nature 486 €J2011)



Come si forma il microbiota
Alla nascita il corpo umano é¢ sterile

Microbiota vaginale (madre)

Microbiota fecale l Microbiota della
(madre) -, cute
| (genitori/parenti/babysi
A % sequences Y tter)
a 25 50 75 100
— ¥ Maconium / \
[~ I Ng ° .
e = g Dieta Ambiente
_— - W Day 92
Eom | Day 98
E ® Day 100
E ] | Day 118
[ = _— meamm Day 371
_— Em s Day 413
[, [ s Day 441 ° ° °
e CORE microbiota nativo
o ——— (4-36 mesi di vita)

“ Bacleroidetes = Euryarchasota m Fungi
Actinobacteria ® Vomucomicrobia 18



Parto naturale/cesareo
Ricovero in ospedale/casa
Latte materno/artificiale
Antibiotico terapia si/no
Animali in casa
Citta/campagna

Igiene poca/troppa?

Numerosita familiare

La composizione del Gut Microbiota é cruciale per
’Educazione Immunologica del neonato

Bifidobacteria as % total microbiota

Some solids Gr:n-rs milk introduced,
fully weaned at 14 months

S S |

-4 e el

--------------------------

Ad es.: La mancata esposizione dei
bambini a specie del genere
Bifidobacterium o alla loro eliminazione
(ad es. antibioticoterapia) possono
determinare uno squilibrio nella
maturazione del sistema immunitario
(deviazione immunologica).

19
Tannock, Semin Immunol 2007






Sommario

» Ciascun individuo ha un microbiota
«unico»:

Eta, area geografica, dieta, etnia, etc.; r.f' v J "r x_‘
i \ ]

‘v Bacteria {
» Numerosi eventi possono alterare in “s... Metagenome oot
modo significativo il microbiota 707
intestinale di un individuo: 1

Cambiamenti nella dieta, infezioni, antibiotico
terapia, etc.;

5
[ \

- | Environment
\

\. '!
\. .
2 . — il
Inflammation Xeno-metabolome

» Quando, per diverse ragioni, il individiaal phienoiype
microbiota non viene ripristinato puo
determinarsi una «disbiosi», le cui
conseguenze possono essere molteplic

> Il microbiota intestinale e «resiliente»:
Core microbiota/microbioma;

Putignani L. et al (2014) Pediatric Research 76(1) 21



Principali funzioni del microbiota
intestinale

» Metaboliche

Fermentazione di alimenti non-digeribili e
del muco endogeno; recupero di
energia sotto forma di acidi grassi a
catena corta, produzione di vitamina K,
assorbimento di ioni;

» Trofiche

Controllo della proliferazione e
differenziamento dell’epitelio e sviluppo
dei microvilli;

» Immunologico
Sviluppo e omeostasi del sistema
immunitario;

> Protettivo

Protezione dai patogeni (effetto barriera);

Proximal colon
High concentration
of substrates
Saccharolysis
Acid pH (5-6)

Distal colon
Low substrate availability
Protealysis
Meutral pH
Slow bacterial growth

Rapid bacterial growth

Guarner F. and Malagelada JR (2003) Lancet 361
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Principali funzioni del microbiota
intestinale

» Digestione dei carboidrati
complessi.

» Produzione di vitamine e acidi
grassi;

Human large intestine

« Bacteroidetes
Bacteroides thetaiotaomicron (S)
Bacteroides ovatus (X,S)
Bacteroides cellulosilyticus (C)
Bacteroides sp. nov. (X)

« Firmicutes
Roseburia intestinalis (X.S)
Roseburia inulinivorans (1,S)
Ruminococcus bromii (S)
Ruminococcus sp. nov. (C,X)
Eubacterium rectale (S)

» Actinobacteria
Bifidobacterium adolescentis (S)

Rumen

« Bacteroidetes
Prevotella ruminicola (X.9)
Prevotella bryantii (X,S)

« Firmicutes
Butyrivibrio fibrisolvens (X,S)

Ruminococcus albus (C,X)

« Fibrobacter
Fibrobacter succinogenes (C)
Fibrobacter intestinalis (C)

Ruminococcus flavefaciens (C,X)

Eubacterium cellulosolvens (C,X)

Large
intestine

[1 10% energia

\- Oesophagus

Stomach

Small
intestine

Rectum

Acidi grassi a catena

corta, butirrato,

acetato e propionato;



Host-Gut Microbiota Metabolic Interactions

Jeremy K. Nicholson et al. '
Science 336, 1262 (2012); s
DOI: 10.1126/science.1223813 '

AVAAAS

Table 1. Gut bacteria and the metabolites they contribute.

Table 1. Gut bacteria and the metabolites they contribute.

Metabolites Related bacteria

i

S o 2

b T y

*“The Gut Microbiota

Potential biological functions References

Clostridial clusters IV and XIWa of
Firmicutes, including species
of Eubacterium, Roseburia,

Short-chain fatty acids: acetate, propionate,
butyrate, ischutyrate, 2-methylpropionate,
valerate, isovalerate, hexanoate

Faecalibacterium, and Coprococcus

Bile acids: cholate, hyocholate, deoxycholate,
chenodeoxycholate, a-muricholate,
B-muricholate, m-muricholate, taurocholate,
glycocholate, taurochenoxycholate,
glycochenodeoxycholate, taurocholate,
tauro-o-muricholate, tauro-f-muricholate,
lithocholate, ursodeoxycholate, hyodeoxycholate,

Lactobacillus, Bifidobacteria,
Enterobacter, Bacteroides,
Clostridium

Ehnhne metabolites: methylamine, dimethylamine,
tnmethylannne mmeihylannne-ﬁ-nmde

Faecalibacterium prausnitzii,
Bifidobacterium

sperrmdme, spermme Clostridium saccharolyticum and antitumoral effects. Potential tumor markers.

Lipids: conjugated fatty acids, LPS, peptidoglycan, Bifidebacterium, Roseburia, Impact intestinal permeability, activate intestine- (42, 68)
acylglycerols, sphingomyelin, cholesterol, Lactobacillus, Klebsiella, brain-liver neural axis to regulate glucose
hosphatidylcholines, phosphoethanolami Enterobacter, Citrobacter, homeostasis; LPS induces chronic systemic
triglycerides Clostridium inflammation; conjugated fatty acids improve
hyperinsulinemia, enhance the immune system
and alter lipoprotein profiles. Cholesterol
is the basis for sterol and bile acid production.
Others: D-lactate, formate, methanel, ethanol, succinate, Bacteroides, Pseudobutyrivibrio, Direct or indirect synthesis or utilization of (43, 60, 69)

lysme glumse urea, a-ketmsovalerate n:reanne Ruminococcus, Faecalibacterium,
end ids, 2-arachidk Aglycerol Subdoli lum, Bifidobacterium,
(Z-AG) Nnaracmdonoylethanolannde LPS, etc. Atopobium, Firmicutes, Lactobacillus

compounds or modulation of linked
pathways including endocannabinoid system.

Decreased colonic pH, inhibit the growth of
pathogens; stimulate water and sodium absorption;
participate in cholesterol synthesis; provide energy
to the colonic epithelial cells, implicated in human
obesity, insulin resistance and type 2 diabetes,
colorectal cancer.

Absorb dietary fats and lipid-soluble vitamins,
facilitate lipid absorption, maintain intestinal
barrier function, signal systemic endocrine
functions to regulate triglycerides, cholesterol,
glucose and energy homeostasis.

(13, 24, 57)

(30, 31, 33)

Modulate lipid metabolism and glucose homeostasis.
lmnlva:l in nnnalmhnhc fatty liver :ﬁsease dietary

(29, 58)

24




Host-Gut Microbiota Metabolic Interactions
Jeremy K. Nicholson et al.

Science 336, 1262 (2012);

DOI: 10.1126/science. 1223813

AVAAAS

Table 1. Gut bacteria and the metabolites they contribute.

Table 1. Gut bacteria and the metabolites they contribute.

Metabolites Related bacteria

Phenolic, benzoyl, and phenyl derivatives: benzoic acid,  Clostridium difficile, F. prausnitzii,
hippuric acid, 2-hydroxyhippuric acid,

2-hydroxybenzoic add, 3-hydroxyhippuric acid,
3-hydroxybenzoic acid, 4-hydroxybenzoic acid,
3-hydroxyphenylpropionate, 4-hydroxyphenylpropionate,
3-hydroxycinnamate, 4-methylohenal, tyrosine,
phenylalanine, 4-cresol, 4-cresyl sulfate, 4-cresyl
glucuronide, 4-hydroxyphenylacetate,
3,4-dihydroxyphenylacetate, phenylacetylglycine,
phenylacetylglutamine, phenylacetylglycine,
pheny{acemte phenylpmpmnate

lactobacillus

Indole derivatives: N- acetyltrypmphan mduleacetate
indoleacetylglycine (IAG), indole, indoxyl sulfate,
indole-3-propionate, melatonin, melatonin

Clostridium sporogenes, E. coli

6-sulfate, serotonin, 5-hydroxyindole

Vitamins: vitamin K, vitamin B12, biotin, folate,
thiamine, riboflavin, pyridoxine

Bifidobacterium

'-s‘wﬁh

Bifidobacterium, Subdoligranulum,

8%
I .

QoY

*“The ‘Gut Microbiota

References

(59, 60)

Potential biological functions

Detoxification of xenobiotics; indicate gut micobial
composition and activity; utilize polyphenols.
Urinary hippuric acid may be a biomarker of
hypertension and obesity in humans. Urinary
4-hydroxyphenylacetate, 4-cresol, and phenylacetate
are elevated in colorectal cancer. Urinary 4-cresyl
sulfate is elevated in children with severe autism.

Protect against stress-induced lesions in the (61-63)
Gl tract; modulate expression of proinflammatory
genes, increase expression of anti-inflammatory
genes, strengthen epithelial cell barrier
properties. Implicated in GI pathologies,
brain-gut axis, and a few neurological conditions.

Provide complementary endogenous sources of
vitamins, strengthen immune function, exert

epigenetic effects to regulate cell proliferation.

(64, 65)

is the basis for sterol and bile acid production.
Direct or indirect synthesis or utilization of

compounds or modulation of linked

pathways including endocannabinoid system.

Others: D-lactate, formate, methanel, ethanol, succinate, Bacteroides, Pseudobutyrivibrio,
lysme glumse urea, n-ketmsovalerate n:reahne Ruminococcus, Faecalibacterium,

ids, 2-arachid Aglycerol

(Z-AG) Niracmdonoylethanolannde LPS, etc.

Subdoligranulum, Bifidobacterium,
Atopobium, Firmicutes, Lactobacillus

(43, 60, 69)
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Host-Gut Microbiota Metabolic Interactions
Jeremy K. Nicholson et al. '
Science 336, 1262 (2012); o

Al DOI: 10.1126/science. 1223813 AN fﬁ?G el robiota

-

Table 1. Gut bacteria and the metabolites they contribute.

Table 1. Gut bacteria and the metabolites they contribute.

Metabolites Related bacteria Potential biological functions References
Polyamines: putrescine, cadaverine, Campylobacter jejuni, Exert gammm: effects on the host, arm-mﬂammatnr",r (66, 67)
i lll ‘ - i lll £ ( I‘J j T T ﬂ' i SHITN T III! HirinanLe =8z I = HlEHEI A

Lipids: conjugated fatty acids, LPS, peptidoglycan, Bifidobacterium, Roseburia, Impact intestinal permeability, activate intestine- (42, 68)

acylglycerols, sphingomyelin, cholesterol, Lactobacillus, Klebsiella, brain-liver neural axis to requlate glucose
phosphatidylcholines, phosphoethanolamines, Enterobacter, Citrobacter, homeostasis; LPS induces chronic systemic
triglycerides Clostridium inflammation; conjugated fatty acids improve

hyperinsulinemia, enhance the immune system
and alter hpnprntem prnﬁl.es. Chnlesternl

Others: D-lactate, formate, methanol, ethanol, succinate, Bacteroides, Pseudobutyrivibrio, Direct or indirect synthesis or utilization of (43, 60, 69)
lysine, glucose, urea, a-ketoisovalerate, creatine, Ruminococcus, Faecalibacterium, compounds or modulation of linked

creatinine, endocannabinoids, 2-arachidonoylglycerol Subdoligranulum, Bifidobacterium,  pathways including endocannabinoid system.
(2-AG), N-arachidonoylethanolamide, LPS, etc. Atopobium, Firmicutes, Lactobacillus

properties. Implicated in Gl pathologies,
brain-gut axis, and a few neurological conditions.

Vitamins: vitamin K, vitamin B12, bictin, folate, Bifidobacterium Provide complementary endogenous sources of (64, 65)
thiamine, riboflavin, pyridoxine vitamins, strengthen immune function, exert
epigenetic effects to regulate cell proliferation.
Polyamines: putrescine, cadaverine, Campylobacter jejuni, Exert genotoxic effects on the host, anti-inflammatory (66, 67)
spermidine, spermine Clostridium saccharolyticum and antitumoral effects. Potential tumor markers.
Lipids: conjugated fatty acids, LPS, peptidoglycan, Bifidebacterium, Roseburia, Impact intestinal permeability, activate intestine- (42, 68)
acylglycerols, sphingomyelin, cholesterol, Lactobacillus, Klebsiella, brain-liver neural axis to regulate glucose
hosphatidylcholines, phosphoethanolami Enterobacter, Citrobacter, homeostasis; LPS induces chronic systemic
triglycerides Clostridium inflammation; conjugated fatty acids improve

hyperinsulinemia, enhance the immune system
and alter lipoprotein profiles. Cholesterol
is the basis for sterol and bile acid production.

Others: D-lactate, formate, methanel, ethanol, succinate, Bacteroides, Pseudobutyrivibrio, Direct or indirect synthesis or utilization of (43, 60, 69)
lysme glumse urea, a-ketmsovalerate :reanne Ruminococcus, Faecalibacterium, compounds or modulation of linked
ends ids, 2-arachid Aglycerol Subdoli lum, Bifidobacterium, { including endoc binoid system.
(Z-AG) Nwara:mdonoylethanolannde LPS, etc Atopobium, Firmicutes, Lactobacillus
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Microbiota e metabolismo

A Lumen(Microbiota-Nutrientinteractions) |

Hsc\N*
He N~
H,C
Neurotransmitters -
oH o s HL— \
Em'ﬁ\ ) scras s Je Branched chain amino
OH OH | n J 1
acids
Phenolic compounds g 1 N W T : : {1 Short chainfatty acids
A amines o~ Phospholipid metabolism
- P B Vi products

amino acids 5’4\{\/\1"'*-

o;“\/h!t - Triglycerides / fatty acids

o
R/—>_°\—SA<—R: ylamicran Microbiota-produced
o i 5 T \ vitamins
~ e, L, ile Aci - ' | Co-metabolite excretion

(hippurate, PAG, indoxy| |
sulfate, etc.)

Lymphatic
Vessels

Fino ad 1/3 delle piccole molecole presenti nel sgune possono derivare dal gut
microbiota.

Effetto positivo: attivita anti-inflammatoria, anti-ossidante, antidolorifica, vitamine,
sorgenti di energia;

Effetti tossici: cito-, geno-, immuno- tossine. Ad es LPS inducefiammazione che
poi puo portare ad obesita e insulino-resistenza; 21




Gut microbiota ed obesita

Gordon J. et al. nel 2005
dimostrano che in topi
obesi, deficienti nella
produzione di leptina (ob-
ob), il gut microbiota
contiene il 50% in meno di
Bacteroidetes and il 50% In
piu di Firmicutes rispetto ai
topi convenzionali.

28



GUT MICROBIOTA e REGOLAZIONE
ACCUMULO ENERGIA

Topi wild type (WT) mostrano un
aumento del 42% del grasso
corporeo totale ed un aumento del
47% del grasso gonadico rispetto a

topi germ-free (GF);

Colonizzazione di topi GF con |l
microbiota proveniente da topi WT

si traduce in un aumento del 60% del
grasso corporeo totale, e si associa a

un aumentata resistenza all'insulina;

Body fat (%)

fat

bod
)

increase in
(CONNV-D vs G

o

¢ He 4= -

15

10

]

ek

Epididymal fat weight (g)
=
=

Fiaf genotype

29
From: Backhed et al. PNAS, 2004



Il ruolo del gut microbiota nell’obesita

A
. Microbiota  Recipient mice
Obese twin transplant B
{
B | - .

Low-fat, high-fiber diet

~ Ineffective
g e microbiota /—\r/K
C\ (/ trangmission /

o —

High-fat,low-fiber diet

(—\_(> Ineffelgmrteil " ‘/.’ _ﬂ‘\(-,k
micronio
C\—\ 1ransm1551on C e ¥ M_)
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IL CORE GUT MICROBIOMA negli OBESI

L’obesita € associata ad una ridotta
diversita nella composizione batterica,
cambiamenti a livello di phylum, ed un
alterata composizione di geni batterici
e pathways metabolici

acontrol Bacterial phyum  ODESE

100%

80%

@
O
c
@
BACTEROIDETES/ © 60%
=
FIRMICUTES: =
indi i adi ita 2
dice di adiposita 2 4o
©
(074
20%
bAA
OO/D 0 0 o O 0 0
Akkermansia muciniphila § ﬁ 3 é é o) § é cod8doodoo 8
FEF2FEkF=2EE=CEZSEEZCE R 2
Enterobacter cloacae B2 . coboobeebfooedege@pid
B Firmicutes M Bacteroidetes Actinobacteria
v Proteobacteria M Other
Zhao L. Nat rev Microb. 11 (2013) Turnbaugh — Nature!
2YaYaYs




ruolo del gut microbiota nell’obesita

Low-fat, high-polysaccharide High-fat, high-sugar
(CHO) diet (Western) diet
[

@=® Bacteroidetes

’ Firmicutes

a0 Molicutes

Cambiamenti nell’ecologia microbica nell'intestino

* Riduzione dei Bacteroidetes ed aumento proporiota Firmicutes

* Crollo drammatico della diversita complessiva

« Aumento di una singola classe di Firmicuteslailicutes (Erysipelotrichia)
Alterazione del potenziale metabolico

 Arricchimento del sistema delle fosfotransferasi

* Arricchimento dei geni codificanti le beta-frutidasi

Consequenze

* Aumentata capacita di importare carboidrati tigieila dieta Occidentale
« Aumentata capacita di metabolizzare gli zuccheparati

32
From: Tilg et al., Gastroenterology, 2009



Principali funzioni del microbiota
intestinale

Intesti inal lumen

L Pﬂy\ﬂﬂp ‘U\? ﬂjh\g“ ¥ Ml

QJNO o QT\H
Inte

ntestinal immune system

» Maturazione del sistema
Immunitario intestinale:

» Regolazione della mobilita
Intestinale;
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Ruolo del PSA diB. fragilis
(capsula) nel corretto sviluppo del

o d e, sistema immunitario dei
o\ ;“%l;;o/ Prs mammiferi
HO S D@C\%Oo
- La risposta anti-inflammatoria mediata da PSA (abbasa
la TH17) é essenziale per promuovere la colonizzane
_ o ) S da parte della flora commensale
PSA diB. fragilis e composta da diverse centinaia di unita é,:amm Bacteroides fragilis
ripetuto di tetrasaccaride. PSA nativo ha un PM did130 kDa A T R

Eﬂ s ;\MB m S Slala s s Slaflag ﬂﬂm\uJﬁ

Intestmal immune system

%‘ i‘ Induction of IL-10-producing
Zwitterionic polysaccharide AAA /ﬂﬁ\& CD4*Foxp3' T regs in a TLR2-

Estace ﬁ O & dependent manner;

JH

Tylcell Ty cell

rCD86 CD28 ' = fj © | @
- © A

| T-cell balance in germ-free mice ‘ ‘ T-cell balance in conventionally colonized mice |

Mazmanian SK and Kasper DL (2006) Nat Rev Immun®) 849 — 858. 34



Principali funzioni del microbiota
intestinale

» Barriera contro la
proliferazione del patogeni;

Gut lumen

g & —\'«

Ephthetial -

|
r ||
M g

1L, } e | !
Cryplopatch Isclated lymphaid folicie

Lymphatics

Mesenteric lymph node

Nature Reviews | Immunology
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Fattori coinvolti nell’equilibrio dinamico del microbiota intestinale

DIETA
ANTIBIOTICI

PREBIOTICI
INFIAMMAZIONE
PATOGEN!I

(—~

Altri
batteri;

Fagi;

Eucarioti;

Virus;

A .

Slow transit ==

.

Olojo|o|o|e|o,
O|0|0|0[0|0|0

Distal colon tissue

Koropatkin N

Variabilita genetica dei
batteri (inter ed intra-
specie);

Competizione/mutualismo

Adapted from
M, et al (2012) Nat Rev Microb. 30 3335



Microbiota, organo che interagisce
con altri organi

OMEOSTASI MALATTIA

Circulatory

Immune , \ ’
Q A ::.:& ="
; o-u_ 'y ‘.: ; .
AMP AMP Digestive
LPS ;
PSA ;‘:V’A tich indole
\ pepiaes SCFA
P(ssg,':,q quorum signals
quorum signals "\ formyl peptides
"N §

bile-acid
ivati PGN
derivatives SoFA
3 e Neuroendocrine
epinephrine AN /A

‘».. T e_ £ o
other systemsftissues .
(excretory, musculoskeletal, behavior

integumentary, adipose, efc.)

McFall-Ngai M et al. PNAS 2013;110:3229-3236
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Microbiota, organo che interagisce
con altri organi

OMEOSTASI MALATTIA

Circulatory
Q Immune ,

% \ =
[+ - : 7 =7
AMP AMP Digestive
UESA TMA . indole
\ tripeptides SCFA
P(S;gFA quorum signals
quorum signals formyl peptides
y \

bile-acid
derivatives

other systems/tissues
(excretory, musculoskeletal,

. behavior
integumentary, adipose, efc.)

McFall-Ngai M et al. PNAS 2013;110:3229-3236 38



Il genere Bacteroides e il piu abbondante ma
anche il piu variabile tra 1 vari campioni.

b ] 8 0w | : : .
coos 5.7 « Singolo phylum dominante (Bacteroidetes)
3 3 40% .
8 o g5 e spesso anche genere (Bacteroides);
S 40%|-. & £20% L
3 | == : . .
5T i Z I * Il genere Bacteroides e dominante nelle
©c L 30%H] L R R
5 2 ‘ R R ERERE: feci;
5&/: ES 385 ¢E S5
o— 20%[ # E%_E?ggS%‘“ . .
= - §3fsgc3 | B.thetaiotaomicror46% prevalenza;
a5 i
% . o . . .
° —@ ’ - « B. fragilis > 0,1% nel 16% dei campioni
0.0%-| 1 | !!!i— %\;T{-T?%T \ \LT \ \jﬁ rpdert >1% nel 3%):
d\ea \a\\ 5 8 O @ «\\5@@ oG '&\eae}% !
R R ore st
A " o §°°e°°“ ST SR « Coinvolto attraverso la capsula
o 3\ : d\ i%c‘ N
¢ Q\o
Q?}

nell'immuno-omeostasi;

» Degradazione dei polisaccaridi dell’'ospite e

della dieta;

Arumugam M. et al & MetaHIT consortium (2011) Enterotypes of the human gut microbiome. Nature 473, 17480
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Test di permeabilita intestinale
Adult (8-10 weeks) Adolescent (3 weeks)

S
':-FE AT A o p=0.07
& . Hq h h l_I
Bl 7n 0.75+
. . i £ £ l
Microbiota Modulate Behavioral and 2 2
- = g . - w - 5= w
Physiological Abnormalities Associated £ 8 £ 0501
- - = © 4 - =3
with Neurodevelopmental Disorders 23, E
c g 7 c
Elaine Y. Hsiao,’2* Sara W. McBride,” Sophia Hsien,” Gil Sharon," Embriette R. Hyde,? Tyler McCue, Julian A. Codelli,? % :! L 0.25+
Janet Chow," Sarah E. Reisman,? Joseph F. Petrosino,® Paul H. Patterson,’-** and Sarkis K. Mazmanian'-*:* — 2+ £
‘Division of Biology and Biclogical Engineering, California Institute of Technology, Pasadena, CA 91125, USA Q Q
2Division of Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA 91125, USA |: 1 I:
SAlkek Center for Metagenomics and Microbiome Research, Baylor College of Medicine, Houston, TX 77030, USA L. [T
0- 0.00- T

“These authors contributed equally to this work
*Correspondence: ehsiao@caltech.edu (E.Y.H.), php@caltech.edu (P.H.P.), sarkis@caltech.edu (S.K.M.) DSS S P S P

http://dx.doi.org/10.1016/j.cell.2013.11.024

* Il modello di autismo viene indotto nei topi mediate la Maternal Immune Activation
(MIA), ottenuta attraverso il trattamento delle madri con poly (I:C), che mima un’infezione
virale. La prole delle madri MIA mostra i sintomi ed i segni heuropatologici classicamente

associati con 'autismo:

e Topi con ASD (Autism Specrum Disorders) mostrano dotta integrita intestinale, abnorme
produzione di citochine ed alterato microbiota intstinale, che coinvolge Clostridia e

Bacteroides;

. I ' | ‘ I '
I -fl—""'rfn_ ~ N \ 1 5 'II | | T 1._.1 .

w
[
5 Clogindia
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Saggio di permeabilita intestinale;
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Microbiota Modulate Behavioral and
Physiological Abnormalities Associated
with Neurodevelopmental Disorders
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« |l trattamento durante lo svezzamento corB. fragilis della prole delle madri MIA migliora
I'integrita della barriera intestinale e corregge lealterazioni nella composizione del
microbiota e produzione di citochine;

« Tali cambiamenti si verificano in assenza di una psistente e misurabile colonizzazione da
parte di B. fragilis;
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probiotic treatment of mice with autism features

alters the composition
of the gut microbiota

improves epithelial

barrier integrity E

reduces leakage of
particular Gl metabolites

¥
%
-~
L

restores serum metabolites _

ameliorates specific autism-related behavioral abnormalities

Circulatory

o

Q \!:mune ,

Digestive

TMA
tripeptides

quorum signals
formyl peptides

bile-acid
derivatives

PGN

E,

other systems/tissues
(excretory, musculoskeletal,
integumentary, adipose, etc.)
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Microbiota, organo che interagisce
con altri organi

OMEOSTASI MALATTIA

Circulatory

A b 5
AMP Digestive
TMA indole
\ tripeptides SCFA
quorum signals
~ ' formyl peptides
A ‘_
I i ¥
bile-acid .
e PGN
derivatives SCFA
: oy Neuroendocrine
' i epinephrine A /A K3 i

Bl | "’

b 308 ik <
other systems/tissues :
(excretory, musculoskeletal, behavior

integumentary, adipose, elc.)
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Modulazione della risposta pro-
inflammatoria da parte del microbiota

Luminal PAMPs*

v LPS (Gram -)

v" UPEC/Profilin

v Flagellin

v’ Peptidoglican/lipopeptide
v’ Bacterial lipopeptide

v ds RNA

v’ Fibronectina (many
bacteria)

v’ Lipothecoic acid (Gram +)
v’ Lipooligosaccharide

Endosomial PAMPs
v" ss RNA

Specific PRRs**

TLR-4

TLR-11

TLR-5

TLR-1 e TLR-2
TLR-2 e TLR-6
TLR-3

@53 1 integrin
TLR-2

PAF

Specific PRRs

TLR-6 e TLR-7
TLR-9

Intestinal lumen

Expression of IRAK]
decreased by LPS | —|IRAKI
from microbiota

vV CpG DNA

From: Balfour and Sartor, Gastroenterology 2008, modified

* PAMPS: Pathogen Associated Molecular Patterns; *PRRs: Pathogen Recognition Receptors;

ROS induced by
microbiota inhibit
ubiquitin ligases

— e

MNF-xB

¢t L

MF-B transcribes.

L‘:“;}:f;;“‘“ﬂ-“""L F—
[

=
= ®

& 550 pes I—@—%»

N/ NN/ NTN

4

Figure 1| Modulation of intestinal epithelial cell pro-inflammatory respon:

Intestinal
epithelial cell

IkB ubiquitylated and

targeted to the proteasome

for degradation

J

PPARy induced in

LPS diverts MF-xB
from nucleus

response to microbiota

PPARy upregulates
colonic -defensi

ir
to sustain gut barrier

VT

Pathway impaired
in patients with
Crohns disease

ses by the microbiota.



Interazioni ospite-microbiota

b Altered gut environment
Antibiatics, diet, hygiene,
pollutants, virus?

4 i ] =
R oo o
[ o T e e | e e T v o B Gut

. dr e Healthy gut environment
a Immunological equilibrium ‘ hyg

Symbionts Commensals Fathobionts

e T =YY S, lumen| Physiological microbiota Decrease In ‘peace-keeping bacteria
/:!'\ Peace-keeping and Increase In pathobionts
y h I bacterium ia‘thob'mnt
| Regulation ] '.I“ lnﬂmaﬂnn Mucus iJ 4 Q 003 0% ¢ -
Healthy [ | L AL (L !
epithelial

b Immunoclogical dysequilibrium Pathogens barrier| |

Damaged ep
barrier, increased 0ﬁ%
: bacterial adherence ‘
and penetration
: Pathological inflammation
|gA+ @ THW cel
T.lcel plasma el Togcel Altered host immune system
E .-';. b Inflammation Lamina — Genetics I\
Regulation / ! : Tation
'—"ﬁ— —_ propria = Severe monogenic Immune

immunodeficiency gene variants
IL-10R mutations, NODZ, ATGIEL],

T H 1 7 viD IL-23R, IRGM
Enviman

Stress, diet, infections, vaccine?

Mature Reviews | Immunology

Figure 4 | Schematic representation of host-microbiota interactions in the healthy and
inflamed gut. a | In healthy hosts, an efficient immune barrier contains the microbiota in the gut



Microbiota intestinale

Alterazioni del
Microbiota
Intestinale (disbiosi)

Alterazioni del
sistema immunitario

a4 .
e Obesita;

e Malattie autoimmuni;
« Mal. Inflammatorie (IBD);
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Microbiota, organo che interagisce
con altri organi
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Tassi di cura senza relapse in soggetti con infezione
ricorrente da Clostridium difficile
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Of 16 patients in the infusion group, 13 (81%) were cured after the first infusion of donor feces. The 3 remaining patients received a second infusion
with feces from a different donor; of these patients, 2 were subsequently cured. Overall, donor feces cured 15 of 16 patients (94%).
Resolution of infection occurred in 4 of 13 patients (31%) in the vancomycin-alone group and in 3 of 13 patients (23%) in the group receiving

vancomycin with bowel lavage.
The overall cure rate ratio of donor-feces infusion was 3.05 as compared with vancomycin alone (99.9% confidence interval [CI], 1.08 to 296.05) and

4.05 as compared with vancomycin with bowel lavage
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Il trapianto fecale nel trattamento della

ricorrenza dell’infezione da Clostridium

difficile



Trapianto fecale nell’infezione ricorrente da Clostridum difficile

2013, prima esperienza in Italia

Case 1 Positive/  Daughter  Colonoscopy  200/400 Yes /none  Negative 4 months
positive

Case2 M 75 2 Positive/  Son Colonoscopy  180/420 Yes /none  Negative 4 months
positive

Case3 F 24 1 Positive/  Brother Colonoscopy  180/500 Yes /none  Negative 3 months
positive

Case4 F 84 3 Positive/  Son Colonoscopy  200(420 Yes /none 1 week
positive
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Storia del trapianto fecale

e La prima descrizione sull’uso delle feci
umane come rimedio per alcune malattie la
troviamo in un antico testo di medicina
cinese; autore Ge Hong, circa 1700 anni fa.

e Successivamente, I’assunzione di feci di
cammello fresche e calde veniva
raccomandata dai Beduini come rimedio per
la dissenteria batterica; I’efficacia del
trattamento venne confermata dai soldati
tedeschi in Africa durante la Il guerra
mondiale;

e Nella medicina moderna, P’infusione di feci da
donatori sani venne adottata per la prima
volta nel 1958, ad opera del Dr. Eiseman che
descrive I’eroica risposta in pazienti con
diarrea associata al antibiotico-terapia e
successivamente trattati con enema
contenente feci di donatori.
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Microbiota: questo sconosciuto
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Figure 1 | Human health is influenced by interactions among the gut microbiota, the host and
the environment. Humans are supraorganisms consisting of both human cells and microbial cells,

Zhao L. (2013) Nat. Rev. Microbiol. 11: 639-647
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A scanning electron micrograph of bacteria in human faeces, in which 50% of species originate from the gut.

Microbiome science needs a
healthy dose of scepticism

To guard against hype, those interpreting research on the body’s microscopic
communities should ask five questions, says William P. Hanage.
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Microbiota, organo che interagisce
con altri organi
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