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e Getting to know your gut microbiota
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Il microbiota intestinale e ’obesita

Vol 444 21/28 December 2006|doi:10.1038/nature05414 nawure

An obesity-associated gut microbiome
with increased capacity for energy harvest

Peter J. Turnbaugh’, Ruth E. Ley’, Michael A. Mahowald', Vincent Magrini®, Elaine R. Mardis'* & Jeffrey |. Gordon'

The worldwide obesity epidemic is stimulating efforts to identify host and environmental factors that affect energy balance.
Comparisons of the distal gut microbiota of genetically obese mice and their lean littermates, as well as those of obese and
lean human volunteers have revealed that obesity is associated with changes in the relative abundance of the two dominant
bacterial divisions, the Bacteroidetes and the Firmicutes. Here we demonstrate through metagenomic and biochemical
analyses that these changes affect the metabolic potential of the mouse gut microbiota. Our results indicate that the obese
microbiome has an increased capacity to harvest energy from the diet. Furthermore, this trait is transmissible: colonization of
germ-free mice with an ‘obese microbiota’ results in a significantly greater increase in total body fat than colonization with a
‘lean microbiota’. These results identify the gut microbiota as an additional contributing factor to the pathophysiology of
obesity.

Al fine di determinare se il microbiota e il suo contenuto in geni
(microbioma) sono un fattore che contribuisce all’obesita, e stato
caratterizzato il microbiota del cieco di topi geneticamente obesi
(ob/ob) e dei loro fratelli magri (+/+ o ob/+) attraverso 16S rRNA
gene library e il microbioma attraverso un approccio metagenomico
di sequenziamento shotgun random.

Da tali analisi ¢ emerso che: (i) il microbiota dei topi obesi presenta un piu
elevato rapporto Firmicutes/Bacteroidetes e (ii) il metagenoma dei topi obesi é
significativamente piu ricco in geni che codificano per il trasporto e la
metabolizzazione dei carboidrati non digeribili della dieta
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Journal of | Influence of diet on the gut microbiome
Translational Medicine | and implications for human health

ingh etal.J Trans| Med (2017) 15:73
DOI 10.1186/512967-017-1175-y

Impact of diet on the gut
microbiome and human health
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Journal of
Translational Medicine

ingh et al.J Transl Med (2017) 15:73

Influence of diet on the gut microbiome r
DOI 10.1186/512967-017-1175-y

and implications for human health
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Fig. 2 Impact of dietary protein on intestinal microbiota and health outcomes. SCFAS shoet chain fatty acikds, TMAO trimethylamine N-oxide, Tregs T
requiatory cells, (VD cardiovascular disease; (8D nflammatory bowel disease
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Table 2 Effects of protein on gut microbiota

Microblal Bifidobocteria Lactobacill Bacteroides Alistipes Bilophila Clostridia Roseburia Eubacterium References

diversity Rectale
Animal t t ti t t 1 i t [13.29-35,
protein 38-40]
Whey protein ¢ t 1 | ! [32.33]
extract
Pea protein 1 t 1 [31]
extract

Amow thickness corresponds to relative number of studies supporting the relationship



What Would You Like to Eat, Mr CKD Microbiota?

A Mediterranean Diet, please!
Montemurno E. Kidney Blood Press Res 2014,;39:114-123
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Ley, R. E. et al. 2006. Nature 444, 1022-1023

Correlazione tra la perdita di peso e
. Firmicutes - Bacteroidetes ’ecologia microbica intestinale
A, Abbondanza relativa di Bacteroidetes e
Firmicutes. Per ogni tempo, n = 11 o 12.
Valori medi  errore standard
B, Cambiamenti nell’abbondanza relativa di
Bacteroidetes nei soggetti in funzione della
perdita di peso per le due diete (CARB-R:
dieta povera di carboidrati; FAT-R dieta
povera di grassi)
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The gut microbiota and host health: a new clinical Frontier

Xenometabolites

Lifestyle Diet

" High fat
low fibre _

A number of dietary strategies are
available for modulating either the
composition or
metabolic/immunological activity of
the human gut microbiota:
PROBIOTICS, PREBIOTICS and
POLYPHENOLS
are among the most well established |
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L'attivita cognitiva e influenzata dalla flora batterica
intestinale alterata da diete ricche di zuccheri o di grassi !! B & |
8 —s

“...dopo solo quattro settimane di dieta ricca di grassi o di zuccheri, la performance dei
topi in vari test su funzioni fisiche o mentali incomincio a decadere.
Il cambiamento piu significativo si e avuto nella “flessibilita cognitiva”:

“I1 decadimento della flessibilita cognitiva e stato forte.” Questo vuol dire che di fronte
a un problema inatteso — anche piccolo — non si e in grado di trovare soluzioni efficaci.
Questo studio e stato condotto su animali giovani, i quali normalmente hanno un
sistema biologico piu integro e percio piu capace di resistere alle influenze patologiche
del loro microbiota.”

Quella che viene indicata come “dieta occidentale”, ricca di grassi e zuccheri semplici e
stata messa in relazione con una varieta di malattie croniche negli Stati Uniti, includenti

'obesita sempre piu diffusa e un‘aumentata incidenza di malattia di Alzheimer.
(Science daily, June 22, 2015)
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Microbiota ed Autismo

Emerging Roles for the Gut Microbiome in
Autism Spectrum Disorder

Helen E. Vuong and Elaine Y. Hsiao

ABSTRACT
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@ ASD NEUROPATHOLOGIES

Perinatal infections
Maternal pharmacological \ ABNORMAL BRAIN
exposures > DEVELOPMENT & FUNCTION

Obstetric complications

Early life stress

Advanced parental age

ASD BEHAVIORAL ABNORMALITIES

Figure 1. Model for roles of the microbiome in autism spectrum disorder (ASD). The microbiota is shaped by host genetics and environmental exposures.
Select genetic and environmental risk factors for ASD could directly cause changes in the indigenous microbiota. Altematively, the microbiota could be
indirectly influenced by other medical comorbidities associated with ASD, including gastrointestinal issues and immune dysfunction. The microbiota exhibits
reciprocal interactions with the gastrointestinal tract, immune system, brain, and behavior, and abnormalities in any one component of this integrated system
could affect the others. In particular, dysbiosis of the intestinal microbiota, in addition to immune and gastrointestinal symptoms seen in ASD, can influence
neurodevelopment, neural activity, and the manifestation of abnomal behaviors characteristic to ASD. NK, natural killer.



Microbiota—gut-brain axis Autism spectrum disorder

Proteobacteria
Lactobacilales,
Erysipelotrichales
Clostridiales
Bacteroidales
Nutrients
Undigestible
nutrients
Figure 1 Localization of dominant bacterial
groups in the intestine, The small intestine
is rich in nutrients used by both the host and
the microbe for growth. Proteobacteria spp.
(mainly Enterobacteria), Lactobacillales and
Erysipelotrichales (especially Turicibacter spp.)
_ are dominant in the small intestine. In contrast,
intestine the large intestine is poor in such nutrients and
therefore has fewer of these bacteria, whereas
Rectum Bacteroidetes and Clostridia, which can use

host-indigestible fibers as energy sources,
are enriched.
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Figure 2 Commensal microbiota prevents Healthy microblal community E Disrupted microblal community
colonization by exogenous pathogens and -
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niches. Commensal microbiota suppresses - Antibiotics

the proliferation and colonization of incoming Nulm&m‘:";g“ ion : &\S&lmmﬂ& Shigela
enteric pathogens, as well as of opportunistic Decrease in O, amount - l

pathobionts, through multiple mechanisms. :‘;’g;“,‘:;g : X
Microbiota produces bacteriocins and 1 | Depleted microbiota

short-chain fatty acids, which directly inhibit © P~ 6’ @ &\ Q
the growth of pathogens and pathobionts. Pathobionts / e & | S

Commensals can also modify virulence- 0 #‘ Fpe ) 9 E Ovrontiot

factor expression in pathogens by consuming @ e : pathobionts C. difficile
residual oxygen or suppressing growth by their microbiota \ | VEE #

metabolites. Commensal microbiota facilitates | #

host barrier function through upregulation of . Mucin, Reglll Y IgA il E
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which promotes neutrophil recruitment and Macrophage "_.1(; ; A

pathogen eradication. Commensal microbiota
promotes differentiation and/or activation of
Ty17 cells and innate lymphoid cells (ILCs),
which control both commensals and pathogens
through secreted cytokines, such as IL-22.
Antibiotic treatment or other environmental factors that disrupt the commensal microbial community result in diminished resistance to colonization by
pathogens (for example, Salmonellaand S. flexneri) and allow the outgrowth of indigenous pathobionts (for example, C. difficile and VRE) that have the
potential to disseminate systemically and induce septic shock and/or systemic organ infection.

Host immunity-mediated resistance systemic infection




Materiall e Metodi

Nello studio che stiamo mettendo a punto insieme alla University of
California di San Diego ed il San Raffaele di Milano andremo a

valutare se effettivamente il microbiota interviene in modo significativo
nello sviluppo dello spettro autistico. Avolio et al., 2018
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After protocol, mice were subjected to LDT and EPM, on the same day but at different

time periods for 3 consecutive days in morning, noon and afternoon.
Avolio et al., 2018

At the end of LDT and EPM, animals were subjected to CPP and novel object for 7
days before being sacrificed, in which plasma and other organs were collected for
western molecular analysis.
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Take the message...

ﬁ Esiste una stretta correlazione tra microbiota ed autismo;

%:} La permeabilita intestinale e alla base dello sviluppo di una serie

di patologie cronico degenerative;

ﬁ Le citochine pro-inflammatorie intervengono in modo significativo nello

sviluppo delle disbiosi intestinali;

ﬁ Esiste la necessita di isolare i ceppi batterici responsabili dello sviluppo di

patologie come l'autismo in modo da mettere a punto delle terapie mirate;

ﬁ Abbiamo ancora molto da scoprire sui diversi tipi di microbiota che

popolano il nostro organismo e come essi regolano 'omeostasi tissutale.
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