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Microbiota

conjunto de microbios
patdgenicos y no patdgenicos
(bacterias, hongos, virus y otros
microorganismos como
| archaeas) presentes en el
microbioma.

‘ Microbioma

no solo se refiere a los
microorganismos involucrados
sino que también engloba su
actividad (nicho).

Metagenonoma

Andlisis genético de una
muestra o un entorno.

Diversidad-a

Diversidad en la taxonomia
microbiana

Diversidad-B

diferencias en la composicién

. del microbioma entre pacientes .

Diversidad de microbioma
Medida del numero (y de la
distribucién) de
microorganismos/genes en un

individuo
§ J
Meatgenoma-GWAS
Estudios de metagenoma
comepleto: Analisis de
metagenoma y GWAS
- vy

Animal gnotobiotico

animal (gnotobiotico) es un
animal en el que todos los
microorganismos interactuando
con el individuo estan
| controlados

Catacterizacion taxonémica
kingdom, division, class,
family, genus, species and
strain divisions

Taxonomia microbiana

algae (120), bacteria (14400),
fungi (20200), yeast (4300),
protozoa (1090), animal viruses
(1350), plant viruses (590), and
bacterial viruses (400).

%
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Carmody RN et al. Nat Rev Microbiol 2023



PRINCIPALES NICHOS DE LA MICROBIOTA HUMANOS

Archaea

Skin microbiome

Microbiome
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Tilg et al. Nat Metab 2021;
Wensel C et al. JCI 2022;132:154944



ANALISIS DEL MICROBIOMA

A Confounder controts  Age, gender. diet and lifestyle | B Longitudinal sampling Q

TIPO DE ANALISIS: COMPARACION, CONFIRMACION, IDENTIFICACION
N° DE MUESTRAS NECESARIAS: HUMANOS >100

ALMACENAMIENTO: (-80°C)

SEGURIDAD: CONTAMINACION DNA HUMANO

Sample of interest ﬁ
I Total RNA extraction’

Total DNA extraction’ (RNA sequencing)
(16S rRNA amplicon sequencing, ‘
shotgun metagenomic sequencing)
L Reverse transcription 10 cDNA
)

DNA fragmentation
(sholgun metagenomic sequencing and RNA sequencing)

t

Barcode and adapter ligation

t

PCR amplification®

t

High throughput sequencing’

t

Meatagenome data
(16S rRNA amplicons or metagenome raw reads)

i

Cleaned nonhuman data

t

Taxonomic classifcation and abundance estimate*

t

Functional annotation*

Wensel C et al. JCI 2022;132:154944



TECNICAS ESTUDIO DEL
MICROBIOMA:
3. SECUENCIACION DEL rDNA 16s
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of ampified 16S rRNA gones of bacterial 165 rANA gone
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1. SENCILLO Y BIEN 1. BAJA ESPECIFICIDAD
CARACTERIZADO (GENERO)
2. ASEQUIBLE 2. NO IDENTIFICACION
3. RAPIDO DE NUEVAS ESTIRPES

TECNICAS ESTUDIO DEL MICROBIOMA:
4, SHOTGUN SEQUENCING

ANALISIS DE POBLACIONES BACTERIANAS DE
AMPLIO ESPECTRO CON GENOMA BIEN
CARACTERIZADO

Bacterial genomes
presentina Genomes cut into small
fragments
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Sequencing of masy randos
fragrents freem pool of
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. . T
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1. ESPECfFICO(ESPECIE) 1. ALINEAMIENTO DE
2. CUANTITATIVO SECUENCIAS
3. SENSIBLE (ng) 2. ESPECIES NO DESCRITAS
3. CARO

CARACTERIZACION GLOBAL Y CUANTITATIVA
DEL MICROBIOMA

Wensel C et al. JCI 2022; 132:154944



é¢De qué hablamos cuando hablamos de microbiota?

The human microbiome
What is known? What is unknown?

Undetected unknowns

Hidden taxa & strain-level diversity
~20% sequences not matching
microbial genomes

Functional unknowns
~40%* genes without a match in
functional databases

Thomas & Segata, BMC Biol 2019



GUT-LIVER AXIS
MICROBIOME >> INTESTINAL & VASCULAR BARRIER >> LIVER SINUSOIDS

Symbiosis ® Dysbiosis $ Leaky gut syndrome
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PAPEL DE LA MICROBIOTA EN LA PROGRESION
DE LA FIBROSIS HEPATICA

s
e

Tilg et al. Nat Metab 2021; 3:1596
Kinashi et al., Front Immunol 2021; Gil-Gémez et al., 2021
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Microbiota-driven gut vascular barrier
disruption is a prerequisite for fibrosis

progression on MAFLD: role of immune-
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Gut m|C|’0b|0ta and a Genus level
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Gut Microbiome-Based Metagenomic Signature for Non-invasive Detection of Advanced Fibrosis in Human
Nonalcoholic Fatty Liver Disease

NAFLD

=

NAFLD
Acvanced Filvoss

Gut microblome

4
derived signature
Frotaobactena
1 Firmicutes
Future non invasive stool test
for diagnosls of fibrosis
A2 e eiisiisieion
! ALC0 930
u fl
L '
b l!
]
-
B3
.
ol
3
!
| R S VU |
-00 L 3 o4 L) o "
Fabwa powiben rote

l 56 Matehod ::nnin Samples J

Y
{_Mﬁnbohﬁx:

v

Matabolites
0 ketobutyrate

Succinate
Malate Glutamate

a ketoglutarnte Loctate

Hypoxanthine

Glutamine
orine Inoaloe

Fumarate

Biopay-geoven NAFLD Cobent

&GSIoolSlm;It»

r‘ { Whole Cnnomn Sequenceyg

E c Annet‘m:

1AL Edhanmod

1.1.1.2 Ethenol L

1.9.9.27 L Lactate ac ‘ gen me
1.1.1.28 D.Lactate

2.3.1.54 Formm:

ADP{e)

otyRianslerase

3607 Acetate hosphohydrotase

Acylphosphat

2.1.2.1 Acetate
1.3.5.1 Succinate ccinate dohydrogommo
2038 Butyrste/Acelste A

2127 Butyrste Butyrate kinasa

te CoA transfer me

Matabolic Patheay Reconatrachons

wihanol ¢ thon )

radation 10 p cumats

pcymene dog
< Hipid remc g (phosp!

hatidate, ye

o0 dogradation

+ Ennched nucieoside metaboltes n G1

» G2 enviched amino acids and
metaboltes assocated with carbon
metabolism

+ G eneched for Liactate, acetate, and formate

* G2 enriched for butyrate, Ddactate, prop sccnate
« Succmate ennched o G2 0 wa and boldes
* Dwection of ethasol esechamnt is uncles

st moee sbundant in G2
* Increased sbundances of nuclectde and sterod

degradabion pathways » G1

Loomba, Cell Metab 2017



8 R 8

o

Gut microbiome signature for cirrhosis due to nonalcoholic fatty liver disease
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High diagnostic accuracy of a gut-microbiome
signature for the detection of NAFLD-cirrhosis

Consistent with preclinical studies, these studies indicate an association between gram-negative bacteria and
progression of liver fibrosis

Caussy, Nat Commun 2019



Phylum
Proteobacteria

Class
v-proteobacteria

Family
Enterobacteriaceae

Gut microbiota and human NAFLD:
disentangling microbial signatures
from metabolic disorders:

Relative abundance in NALFD and
NAFLD-fibrosis according to Phylum,
Class, Family, Genus and Species

Genus
Bacteroides

Species
Escherichia Coli

Aron-Wisnewsky J et al. NRGH 2020; 17:219
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Gut microbiota and
human NAFLD:

|
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Fig. 3 | Gut-derived metabolites and factors that could drive progression of NAFLD. This figure illustrates how gut-

derived metabolites are involved in the development and progression of non-alcoholic fatty liver disease (NAFLD), fibrosis
and cirrhosis. Lactate, ethanol. trimethyl N-oxide (TMAO) can propel NAFLD progression (TMAQ induces a decrease in the
total bile acid pool size, which in turn can affect FXR signalling and NAFLD), as can lipopolysaccharide (LPS). On the other
hand, short-chain fatty acids can have anti-inflammatory properties, which could prevent progression of NAFLD. NASH,
non-alcoholic steatohepatitis.

Aron-Wisnewsky J et al. NRGH 2020; 17:219



Gut-derived signals induce HSCs activation

Tto con antibidticos mejora la fibrosis
Intact Liver Fibrotic Liver Resolution stage inducida por dieta CDAA.

KO mice para receptores de
subproductos bacterianos (TLR2, TLR4,
TLR9) estan protegidos frente al
desarrollo de fibrosis.

Douhara, Mol Med Rep, 2014; Ohtani, Hepatol Commun 2019



POTENCIAL TERAPEUTICO DE LA MICROBIOTA

Place of Denomination Principle of action

action

Intestinal Hydrogel technology Modified cellulose cross-linked with citric acid that mimics natural dietary fibres in vegetables. Hydrogel

content particles rapidly absorb water in the stomach and increase in volume, thereby improving satiety. Once in
the large intestine, the hydrogel is partially digested and releases water, which is then reabsorbed.

Gut-restricted polymers Insoluble cross-linked polymeric drugs selectively bind with high-avidity multivalent surface features on
bacteria or viruses, toxins, inorganic ions including potassium, phosphate, or bile acids.

Carbon nanoparticles Non-absorbable carbon particles exhibit a high adsorptive capacity for bacterial toxins and represent a
novel strategy to counteract dysbiosis and translocation of bacterial-derived products.

Non-selective beta-blockers Beta-blockers reduce the load of enteric bacteria and inhibit intestinal bacterial overgrowth by fastening
intestinal transit time and reducing intestinal permeability

Intestinal Non-absorbable antibiotics Selectively reduce the burden of enteric bacteria that mostly contribute to translocation, e.g. gram-
microbiome negative bacteria. Rifaximin is a broad-spectrum compound, which exerts endotoxin-lowering and anti-
inflammatory effects largely independent from their bactericidal action.

Bacteriophages Bacteriophages are viruses that specifically infect and kill intestinal bacterial pathogens. In contrast to
antibiotics, phages do not induce resistance.

Synthetic live bacterial These are engineered probiotics that can selectively consume toxic metabolites in the intestine and

therapeutics convert them into nontoxic forms.

Fecal microbial Fecal microbial transplantation is a method to replenish a healthy gut microbial environment and restore

transplantation physiological colonization by recolonising the intestine with microbial flora from a healthy donor.

Intestinal Pharmacological modulation Specific agonists of mucosal gut receptors may elicit responses including the release of regulators of
mucosa of gut peptides. glucose or bile acid metabolism.

Duodenal mucosal Superficial duodenal mucosal ablation mediates an abnormal signal to endogenous insulin-sensitive

resurfacing tissues by limiting nutrient exposure or contact with the duodenal mucosa.

Postbiotics Postbiotics are metabolic products from intestinal bacteria that inciude short-chain fatty acids, secondary
bile acids, proteins polysaccharides, vitamins and organic acids acting as metabolic regulators.

FXR agonists FXR-agonists reconstitute microbiota composition, restore epithelial and vascular intestinal barrier
function, improve intestinal innate defense mechanisms, reduce intestinal inflammation and decrease
bacterial translocation and endotoxemia

Peritoneal Ammonia uptake particles This treatment consists in a suspension of large transmembrane pH-gradient liposomes, containing citric
cavity acid and designed to rapidly capture ammonia from ascites of cirrhotic patients.

Wensel C et al. JCI 2022; 132:154944



Probiotic Lactobacillus rhamnosus GG Prevents Liver Fibrosis Through Inhibiting
Hepatic Bile Acid Synthesis and Enhancing Bile Acid Excretion in Mice
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Liu, Hepatology 2020
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Donor Fecal Microbiota Transplantation Autologous
Alters Gut Microbiota and Metabolites in NAFLD by (N=11)
Obese Individuals With Steatohepatitis ultasound %FMTkat
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Liver genes: increased of ARHGAP18 & SDS (serine dehydratase); and decreased RECQL5 and SF3B3

Secondary aims: GGT and ALT decreased. No difference in duodenal microbiota diversity. No significant changes in faecal
microbiota diversity, but more: Ruminococcus, Eubacterium hallii, Faecalibacterium, and Prevotella copri.

Change in plasma metabolites: increased of amino acids isoleucine and phenylacetylglutamine too healthyn

Witjes J. Hepatology communications. 2020



Role of EVs from faeces (fEVs) in liver diseases

*  The gut microbiota participates in the progression of NAFLD towards NASH and liver fibrosis. (Bashiardes et al., 2016; Boursier & Diehl, 2016)

. Dysbiosis, a shift in bacterial community composition, has been associated with several deleterious effects in NAFLD (Boursier et al., 2016; Brand| &
Schnabl, 2017).

Dysbiosis was also reported to mediate the destabilization of intestinal and endothelial barriers leading to an increase of intestinal and endothelial
permeability (Chen et al., 2015).v
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Role of EVs from faeces (fEVs) in liver diseases

NASH (NS) faeces-derived extracellular vesicles (fEVs) NASH (NS) faeces-derived extracellular vesicles (fEVs)
increase endothelial permeability in a TLR4-dependent activate in vitro stellate cells and increase cytokines
pathway and induce in vitro endothelial inflammation. involved in fibrogenesis
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Role of EVs from faeces (fEVs) in liver diseases

Metabarcoding reveals a differential composition between Circulating small EVs (cEVs) isolated from patients with NAFLD and NASH contained

NAFLD and NASH fEV samples prokaryotic EVs and induced cytokine production in stellate cells
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fEVs are a key player in barrier dysfunction, inflammation, and liver injuries especially
in patients with NASH, at the early onset of the disease.
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Biomimetic superabsorbent hydrogel acts as a gut protective dynamic exoskeleton
improving metabolic parameters and fostering Akkermansia muciniphila
expansion.
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Silvestri, Gil-Gomez et al., Cell Rep Med (under review)
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OSH preserves gut barrier integrity protecting
from HFD-induced “leaky-gut”.
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OSH limits the progression of non-
: alcoholic fatty liver disease.
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OSH fosters Akkermansia
muciniphila growth
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Gut microbiota drives
metabolic benefits of OSH

in mice. Recover upon

fecal microbiota

transplantation




Metabolic Syndrome

western diets western diets and OSH
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CONCLUSIONES

- Lipogenesis
- Inflammation
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+ Fatty acid oxidation
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