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La “Rivoluzione” del Microbiota Umano

La tradizionale visione antropocentrica del microbiota intestinale come
essenzialmente patogeno e minaccia per il sistema immune e stata
sostituita dal riconoscimento che esso ha prevalentemente un effetto
benefico per la salute umana.



Definizione di microbiota umano

* |l microbiota umano e costituito dalla
comunita dei microrganismi (con i relativi
genomi = microbioma) che colonizzano varie
regioni anatomiche dell’'organismo, interne o
superficiali.

The Human Microbiome Project Consortium. Nature 2012;486:215



| diversi Microbiota umani
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Cho & Blaser, Nat Rev Gen 2012;13:260



Piramide della vita: homo sapiens

Sostanze
chimiche

2500 Enzimi

25.000 Geni

Kau et al, Nature 2011 Qin et al, Nature 2011



Piramide della vita: il super-organismo
(homo sapiens + microbiota)
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>58.000 Enzimi
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>3.000.000 Geni

Kau et al, Nature 2011 Qin et al, Nature 2011
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Distribuzione qualitativa e quantitativa del
microbiota intestinale umano
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Il microbiota intestinale (MI) adulto umano
Phyla principali

Firmicutes
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Chassard C, Curr Opin Clin Nutr Metab Care 2013



Alcune funzioni del Ml e patologie
associate a disbiosi

Gut Microbiota Functions Disease Indications
Influences Neurologic
Immune maturation Psychiatric
and homeostasis Respiratory
Host cell proliferation Cardiovascular
Vascularization Gastrointestinal
Neurologic signaling Hepatic
Pathogen burden Autoimmune
Intestinal endocrine Metabolic
functions Oncologic

Bone density
Energy biogenesis

Biosynthesis
Vitamins
Steroid hormones
Neurotransmitters

Metabolism
Branched-chain and
aromatic amino acids
Dietary components
Bile salts
Drugs
Xenobiotics

Lynch et al. N Engl J Med 2016;375:2369-79.



Dalla disbiosi alla patologia umana: ipotesi
patogenetica unificante “Common Ground”

Healthy persons, each with genetic susceptibility Combination of genetic susceptibility
to one or more polygenic disorders and environmental exposure, resulting
in polygenic disorder
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Subclinical dysbiotic gut Reproduction of distinct disease phenotype through
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Lynch et al. N Engl J Med 2016;375:2369-79.
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Definizione di Microbiota-brain-gut axis

* E’un sistema bidirezionale di comunicazione che
consente al microbi intestinali di comunicare col cervello
e al cervello di comunicare con l'intestino?

« Tale sistema, non del tutto esplorato, si basa su vie
neurali, endocrine, immunologiche e metaboliche 2

1 Rhee SH,et al. Nat Rev Gastroenterol Hepatol 2009;6:306—-14
2El Aidy S, et al. Clin Ther 2015;37:954-67



Vie di comunicazione tra il microbiota
Intestinale e Il cervello

Pathways linking the microbiome
and central nervous system
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MAMP: microbe associated molecular patterns (es. LPS)

Sampson et al, Cell Host Micr 2015;17:565-76



Un elenco di patologie neuro-psichiche
associate a disbiosi, e In cui sono presenti
disturbi digestivi

Diseases

== [Parkinson’s disease
== Aitism spectrum disorder
Amyotrophic lateral sclerosis
Alzheimer diseases
Prion diseases
Creutzfeldt-Jakob disease
Transmissible spongiform encephalopathies

—)p- Depression
Anxiety

Behavior
Cognition
Mood
> Stress
Fatigue
Aging

Lerner et al. Microorganisms 2017;5,66; doi:10.3390



Evidenze sulluomo
Depressione

* Riduzione del numero di Bifidobatteri e Lattobacilli in
soggetti depressi

 Correlazione negativa tra Faecalibacterium spp. e
sintomi depressivi

« Alcuni probiotici (Bifidobatteri e Lattobacilli) attenuano
ansia, depressione e stress > Psicobiotici

Cenit et al, World J Gastroenterol 2017;23: 5486-98



Psicobiotici

REVIEW
Psychobiotics: A Novel Class of Psychotropic

Timothy G. Dinan, Catherine Stanton, and John F. Cryan

Here, we define a psychobiotic as a live organism that, when ingested in adequate amounts, produces a health benefit in patients
suffering from psychiatric illness. As a class of probiotic, these bacteria are capable of producing and delivering neuroactive substances
such as gamma-aminobutyric acid and serotonin, which act on the brain-gut axis. Preclinical evaluation in rodents suggests that certain
psychobiotics possess antidepressant or anxiolytic activity. Effects may be mediated via the vagus nerve, spinal cord, or neuroendocrine
systems. So far, psychobiotics have been most extensively studied in a liaison psychiatric setting in patients with irritable bowel
syndrome, where positive benefits have been reported for a number of organisms including Bifidobacterium infantis. Evidence is
emerging of benefits in alleviating symptoms of depression and in chronic fatigue syndrome. Such benefits may be related to the anti-
inflammatory actions of certain psychobiotics and a capacity to reduce hypothalamic-pituitary-adrenal axis activity. Results from large
scale placebo-controlled studies are awaited.

Dinan et al, Biol Psych 2013;74:720-6



Meccanismi d'azione degli Psicobiotici
(Sul SNC e sull'intestino)
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Dinan et al, Biol Psych 2013;74:720-6



Variazione della scala HAM con psicobiotici
(POSG), dieta (DTG) o terapia combinata (CTG) In
soggetti ansiosi
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Colica et al, Mediators Inflamm 2017, Article ID 5650627



Evidenze sulluomo - 2

Autism

. . ‘ . ‘ S . ‘ . 43
Increase in microbiota diversity is associated with autism™”

Abundance of Bacteroidetes has found to be linked with severe autistic cases'™”

Increase in short chain fatty acids has been found in fecal samples from autistic children'*

A specific strain of the species Lactobacillus reuteri has shown to modulate oxytocin levels and reverse autism-related behavior*"

Cenit et al, World J Gastroenterol 2017;23: 5486-98



Abbondanza batterica relativa (phylum) in
soggetti con autismo (AD) e controlli (HC)

Actinobacteria: Fusobacteria:

Actinobacieria;~_  Fusobacteria:
0,51

Proteobactena;

Verrucgmicrobia:

# Firmicutes 136 # Firmicutes

# Bacteroidetes ¥ Bacteroidetes

1 Proteobacteria 1 Proteobacteria

s Actinobacteria # Actinobacteria

# Fusobacteria 1 Fusobacteria

# Verrucomicrobia I Verrucomicrobia

, Others: ; Others:
Lentisphaerae Lentisphaerae
Cyanobacteria Cyanobacteria
Tenericutes Tenericutes

De Magistris et al, PLoS ONE 2013;8: e76993.



Evidenze sulluomo - 3

Parkinson's disease

Alterations in bowel function, mainly constipation, often precede the onset of motor symptoms associated with PD""!

Reduction in the levels of Prevotellaceae has been found in PD patients™”

Positive correlation between levels of Enterobacteriaceae and the severity of postural instability and gait difficulty was proven in PD patients'®”
Reduction in short chain fatty acids"" and butyrate-producing bacteria (Blautia, Coprococcus, Faecalibacterium spp and Roseburia)” were found in fecal
samples from PD patients

GF mice overexpressing human o-synuclein (aSyn) display reduced microglia activation, aSyn aggregates and motor deficits (treatment with short
chain fatty acids restored all major features of PD in GF mice)"”!

Gut microbiota transfer from PD patients into GF mice overexpressing human a-synuclein («Syn) enhances physical impairments whereas gut

microbiota transfer from healthy human donor does not enhances those deficiencies””

Cenit et al, World J Gastroenterol 2017;23: 5486-98



La progressione del m. di Parkinson si
associa a disbiosi intestinale.
Uno studio con follow-up di 2 anni
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Minato T et al, PLoS ONE 2017;12:e0187307



Effetti dello stress sulla funzione di barriera
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Neurogastroenterology & Mofility

Neurogastroenterol Motil (2016) 28, 1027-1036 doi: 10.1111/nmo.12804

Probiotic Lactobacillus casei strain Shirota relieves
stress-associated symptoms by modulating the gut-brain
interaction in human and animal models

M. TAKADA, ™ K. NISHIDA,T A. KATAOKA-KATO, " Y. GONDO,* H. ISHIKAWA, " K. SUDA, * M. KAWAL * R. HOSHI,
0. WATANABE, T. IGARASHL [ Y. KUWANO,T K. MIYAZAKI* & K. ROKUTANT

Academic
Allocation Pre-examination examination
> period l
P
Pre-intervention Intervention period for 8 weeks
period for 2 weeks 1-2 weeks 3-4 weeks 5-6 weeks 7-8 weeks
Background 8 weeks before 2 weeks before 1 day Immediately
data exam (baseline) exam before after exam
exam

Figure 1 Study schedule.

Takada et al, Neurogastroenterol Motil 2016;28:1027-36



Caratteristiche clinico-demografiche nei due
gruppi

Table 1 Background data of subjects and their compliance during the
intervention period

Placebo LcS

Male/Female 38/32 38/32
Age (years) 22.8 +£ 0.2 23.0 £ 0.2
BMI (kg/m?| 20.7 £ 0.3 21.0 £ 0.2
HPI 5.0=£02 50 £ 0.1
GHQ 4.5+ 0.5 4.8 £ 04
STAI

Trait anxiety 444 + 1.1 44.8 + 1.2

State anxiety 40.1 £ 1.1 399 £ 1.0
Salivary cortisol (ug/dL) 0.15 £ 0.01 0.15 £ 0.01
% flu vaccination 63 56
% of daily test beverage consumption  97.3 97.6

BMI, body mass index; HPI, Health Practice Index; GHQ, General
Health Questionnaire; STAI, State-Trait Anxiety Inventory; LcS,
Lactobacillus casei strain Shirota.

Takada et al, Neurogastroenterol Motil 2016;28:1027-36
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Modificazioni deil sintomi, fisici e addominali,
nel due gruppl
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Conclusioni

« L’ alterazione del microbiota intestinale potrebbe
rappresentare il link patogenetico unificante (“‘common
ground?) tra i vari fattori fisiopatologici, periferici e
centrali, ipotizzati per varie malattie associate a “leaky
gut”, e alcune alterazioni neuro-psichiche, come
autismo, Parkinson, depressione, stress.

« Modificare la disbiosi (pre-probiotici, antibiotici, trapianto
fecale, altro) e I'obiettivo terapeutico prossimo futuro
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