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THE GUT MICROBIOTA COMPOSITION

Humans: Meta-organism

10-fold greater numbers of bacterial tha animal cells, 
matabolically and immunologically intagrated, with a biomass 

>1 Kg



<103 CFU/mL

102-109 CFU/mL

104-1012

CFU/mL









Microscopic counts on human faeces suggest that 

60 to 80% of the observable bacteria cannot be 

cultivated

Culture independent methods based on the 
analysis of the 16S rRNA gene reveals a myriad of 

novel bacterial lineages within the human gut

Suau et al, Appl Environ Microbiol 1999

GUT mutalistic bacteria characterization

Need fo a Molecular Microbiology



Fluorescence in-situ hybridization (FISH) using bacterial 16S rRNA probes showing 
bacteria localized to the mucus layer. 

Xiang Jun Shen, Gut Microbes2010

GUT MICROBIOTA



Taxa prevalenti nel microbioma umano, che sono stati metagenomicamente e 
tassonomicamente ben definiti nella popolazione HMP.

Nature. Author manuscript; available in PMC 2013 February 05.



Nature. Author manuscript; available in PMC 2013 February 05.

L’assetto del microbioma varia tra i soggetti al livello di specie e ceppi.















(Tsutomu Okubo Biochem 1994 n°58 (8)  1364-1369)
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IMMUNOISTOCHIMICA DELLA MUCOSA DEL COLON DEI BIOMARKERS DI PROLIFERAZIONE E 
INFIAMMAZIONE

O'Keefe et al.; Fat, Fiber and Cancer Risk in African Americans and Rural Africans; Nat Commun. ; 6: 6342; 2015



O'Keefe et al.; Fat, Fiber and Cancer Risk in African 
Americans and Rural Africans; Nat Commun. ; 6: 
6342; 2015

Analisi mirata dei geni 
funzionali delle specie 
microbiche di interesse 
specifico e dei loro 
metaboliti.



EFFETTI DEL RA SULL’HOMING E SULLA DIFFERENZIAZIONE DEI LINFOCITI.



RUOLO COMPLEMENTARE DEL RA E DEI SCFA NELLA TOLLERANZA IMMUNITARIA DEL 
PICCOLO INTESTINO E DEL COLON.



Scott J. Bultman; Interplay between diet, gut microbiota, epigenetic events, and colorectal cancer; Mol. Nutr. Food Res. 2016, 00, 1–12.

MECCANISMO DI SOPPRESSIONE DEL TUMORE FIBRE E BUTIRRATO-MEDIATA.



POLISACCARIDI

GLUCOSIO

PIRUVATO

Acetil CoA

BUTIRRATO

succinato

lattato

PROPIONATOACETATO

formato

Co2

H2
CH4

Fermentazione dei polisaccaridi nel colon dell’uomo: 
principali prodotti terminali



(W. Sheppach MD et al.: Journal of Parenteral and Enteral Nutrition 
Vol. 16 n°1 92 by ASPEN)
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GUT MICROBIOTA:
disbiosi e patologie correlate



Gut-microbiome and Host

IBD

Obesity

Diabetes Mellitus

NASH  

Autoimmunity

Cancer



Environmental factors

Smoking

Diet

Drugs

Geography and social status

Stress
Microbes and

enteric flora

Permeability

AppendectomyImmune
system

Genes

“Physiological”

inflammation
Pathological

inflammation

Normal IBDCourtesy of

Dr Claudio Fiocchi

Inflammatory Bowel Disease (IBD): 

a multifactorial pathogenesis



Genetic studies confirm a role for the underlying microbial–

host interaction in IBD pathogenesis. These include the

genomic regions of nucleotide-binding oligomerisation

domain containing 2 (NOD2), which is an intracellular

receptor that recognizes proteins found in bacterial cell wall

species.

Patients with CD demonstrate an association with the NOD2

gene including three polymorphisms that weaken the host

peptidoglycan response. Carriers of NOD2 have a 1.75–4-

fold increased risk of CD and are clinically more likely to

undergo surgical gastrointestinal (GI) resection.

Holmes  et al, Trends in Microbiology, July 2011

The crucial role of NOD2



NOD2 DEFICIENCES INCREASE INFLAMMATORY 

RESPONSE TO LPS STIMULATION

Enteric

flora

NOD2 TRAF6

I-kB

NF-kB

NF-kB/I-kB

Peptidoglycan
(Muramyl dipeptide / MDP)

LPS
(Lipid A) NOD2

Variant
NOD2

Pathological

Inflammation (IBD)
“Physiological”

inflammation



• Decrease in beneficial 
Firmicutes (clostridia sp)
• Species able to indice 

immune tolerance and 
reduce colitis in animal 
models

• Reduction may permit 
hyper-immune response

• Increase in Proteobacteria 
• Generally aerotolerant
• Organisms able to 

manage oxidative stress
• Injurious in animal 

models of intestinal 
inflammation



Spondilite 

anchilosante

Immagini gentilmente concesse da J Braun, MD 

Entesite

Questo è il segno distintivo delle spondiloartropatie

Frequenza di entesiti sintomatiche: 5-30% delle SpA

Predominante coinvolgimento entesale in alcuni casi

Dattilite
Fortemente associata a tenosinovite come evidenziato da 

MRI1

Due sottotipi

acuta: rigonfiamento morbido, forte dolore, rossore

cronica: rigonfiamento solido, dolore medio-

moderato, 

Frequenza: 5-30% delle SpA



Gut-microbiome and Host

IBD

Obesity

Diabetes Mellitus

NASH  

Autoimmunity

Cancer



GUT MICROBIOTA AND OBESITY: 
THE DYSBIOSIS CONCEPT

Obese animals have a 50% reduction of Bacteroidetes and a
proportional increase in Firmicutes

Ley – PNAS 2005



Microbial metabolic production 

Tilg H. J Clin Invest. 2011;121(6):2126–2132

✓ Microbial signals also regulate Fiaf release from intestinal

epithelial cells, which acts as an inhibitor of Lpl and thereby

regulates peripheral fat storage

✓ Through another unknown mechanism, the microbiota also

regulates the energy gauge in the liver and muscle through the

phosphorylation of Ampk. Glp2 ascertains epithelial barrier

function

✓A leaky barrier leads to exposure and activation of myeloid cells

in response to microbial signals such as the Tlr4 ligand endotoxin.



GUT MICROBIOTA & REGULATION 
OF ENERGY STORAGE

➢ Suppression of Fast Induced Adipose Factor 

➢ Stimulation LPL /  inibition LPL inhibitor       

➢ Increased hepatic lipogenesis and fat storage in adipocytes

Backhed et al – PNAS 2004
Cani PD et al – Pharm Ther – in press



GUT MICROBIOTA and REGULATION OF 
ENERGY STORAGE

Cani PD et al – Pharm Ther 2010

Changes the gut microbiota is associated with a higher gut

permeability leading to a higher plasma LPS levels (metabolic

endotoxemia)



GUT MICROBIOTA and REGULATION OF 
ENERGY STORAGE

Cani PD et al – Pharm Ther 2010

Metabolic endotoxemia promotes low-grade inflammation-induced

metabolic disorders (insulin resistance, diabetes, obesity, steatosis,

oxidative stress, and adipose tissue macrophage infiltration).



GUT MICROBIOTA and REGULATION OF 
ENERGY STORAGE

➢WT mice have 42% more total

body fat and 47% more gonadal fat

than germ-free (GF) mice, despite

lower energy intake

➢Colonisation of GF mice with

microbiota from control mice

produces a 60% increase in body fat

mass, associated with increased

insulin resistance

Backhed et al – PNAS 2004



GUT MICROBIOTA AND OBESITY: 
THE DYSBIOSIS CONCEPT

➢ Obese people had lower 
Bacteroides and more 
Firmicutes in distal gut flora 
than lean control 

➢ Ratio of Bacteroidetes to 
Firmicutes approached a lean 
type profile after 52 weeks of 
diet-induced weight loss 

Ley et al– Nature 2006



GUT MICROBIOTA AND OBESITY: 
THE DYSBIOSIS CONCEPT

Increase in 

Gammaproteobacteria 

and proportional 

decrease in Firmicutes 

after bariatric surgery 

(gastric by-pass)

Zhang et al PNAS 2009



GUT MICROBIOTA AND OBESITY: 
THE DYSBIOSIS CONCEPT

Switching mice to a High-Fat-Diet drives to a decrease in Bacteroides 
and an increase in both Firmicutes  and Proteobacteria indipendently of 

obesity

Hildebrand- Gastroenterology 2009



GUT MICROBIOTA AND OBESITY: 
THE DYSBIOSIS CONCEPT

Murphy – Gut 2010

A- WT mice/Low Fat diet

B- WT mice/High Fat diet      8 wks   

C- Ob/ob mice/ LF diet

➢Increase in Firmicutes in both HF-
fed and ob/ob mice (p<0.05)

➢Reductions in Bacteroides in
ob/ob mice (p<0.001)



THE CORE GUT MICROBIOME

Turnbaugh – Nature 2009

•No single bacterial phylotype was detectable at an abundant 
frequency

•The hypothesis  of a core human gut microbiome may be incorrect

• A core gut microbiome exists at the level of metabolic functions

•Understanding the underlying principles should provide insights 
about microbial adaptation to a wide range of environments



Gut-microbiome and Host

✓ IBD

✓ Obesity

✓ Diabetes Mellitus

✓ NASH

✓ Immune system

✓ Cancer



GUT MICROBIOTA  in TYPE II DIABETES

Membrez-FASEB 2008

Gut microbiota modulation improves glucose tolerance by : 

reducing the population of gut microbiota 



GUT MICROBIOTA  in TYPE II DIABETES

Membrez-FASEB 2008

Gut microbiota modulation improves glucose tolerance by : 

suppressing factors like TNF and LPS



GUT MICROBIOTA  in TYPE II DIABETES

Membrez-FASEB 2008

Gut microbiota modulation improves glucose tolerance by : 

increasing glycogen storage



GUT MICROBIOTA  in TYPE II DIABETES

Membrez-FASEB 2008

Gut microbiota modulation improves glucose tolerance by : 

decreasing triglyceride accumulation by the liver



GUT MICROBIOTA  in TYPE II DIABETES

Membrez-FASEB 2008

Gut microbiota modulation improves glucose tolerance by : 

High adiponectin levels might further enhance the insulin 
sensitivity



Betaproteobacteria

was highly enriched in

diabetic compared to

non-diabetic persons

(P = 0.02) and

positively correlated

with plasma glucose (P

= 0.04)

TYPE 2 DIABETES IS ASSOCIATED WITH COMPOSITIONAL CHANGES IN GUT 
MICROBIOTA.

Larsen et al PLOS ONE 2010



Ratios of Bacteroidetes to

Firmicutes as well as the ratios

of Bacteroides-Prevotella

group to C. coccoides-E.

rectale group correlated

positively and significantly

with plasma glucose

concentration (P = 0.04) but 

not with BMIs

TYPE 2 DIABETES IS ASSOCIATED WITH COMPOSITIONAL CHANGES IN GUT 
MICROBIOTA.

Larsen et al PLOS ONE 2010



Gut-microbiome and Host

✓ IBD

✓ Obesity

✓ Diabetes Mellitus

✓ NASH

✓ Autoimmunity

✓ Cancer



Consequences of the altered microbial/metabolic balance 

NAFLD and NASH are strongly
linked to obesity, type 2 diabetes
mellitus and the metabolic
syndrome and, accordingly, have
become common worldwide
problems

Small intestinal bacterial
overgrowth of Gram-negative
organisms could promote insulin
resistance, increase endogenous
ethanol production and induce
potential mediators of this
association, lipopolysaccharide

Abu-Shanab A, Nat Rev Gastroenterol Hepatol. 2010 

NAFLD and NASH 







A complex interaction … 

Banked F. Nutrition Reviews® Vol. 70(Suppl. 1):S14–S17



Gut-microbiome and Host

✓ IBD

✓ Obesity

✓ Diabetes Mellitus

✓ NASH

✓ Autoimmunity

✓ Cancer







Gut-microbiome and Host

✓ IBD

✓ Obesity

✓ Diabetes Mellitus

✓ NASH

✓ Autoimmunity

✓ Cancer



• ESCHERICHIA COLI AIEC

Produce una genotossina COLIBACTINA che danneggia il 
DNA ed è essenziale per lo sviluppo dei tumori.

• BACTEROIDES FRAGILIS

Attiva attraverso una tossina (BACTERIOLISINA) che si 
interpone ad una proteina suppressor del tumore β.-
caderina e attiva il sistema β-catenina che VEFG, COX2
e quindi l’attecchimento e proliferazione del tumore.

• FUSOBACTERIUM NUCLEATUM

Presenta una adesina (FADA) che si trova sulla sua 
superificie, che si attacca e promuove l’inversione delle 
cellule tumorali intestinali.



Diet

Hornie et al, Eur J Cancer Prev 1999

Modulate composition and metabolic activity of 

colon ecoflora 

Clostridia and Bacteroides

increase the tumor 

proliferative index

Lactobacilli and Bifidobacteria

protective role against the 

cancerogenetic process

Diet, GUT microbiota and Colonic Cancer



Red meat

High dietary sulfur

Growth of sulfur-reducing bacteria 

Desulfovibrio vulgaris

Hydrogen sulphide
Impairs 

cytochrome 

oxidase

Butyrate 

utilization

Syntesis of 

mucus

Methylation of DNA

Free radicals

Christl et al. Gut 1992

Co-carcinogen

Diet, GUT Microbiota and carcinogens





Curve di 
sopravvivenza 
di Kaplan-
Meier per i 
sopravvissuti 
totale (OS) e 
isopravvissuti 
non 
malati(DFS) in 
180 pazienti 
CRC.

Wei Z et al; Could 
gut microbiota 
serve as prognostic 
biomarker 
associated with 
colorectal cancer 
patients’ survival? 
A pilot study on 
relevant 
mechanism; 
Oncotarget, 2016.



Wei Z et al; Could gut microbiota serve as 
prognostic biomarker associated with colorectal 
cancer patients’ survival? A pilot study on 
relevant mechanism; Oncotarget, 2016.

Immunoistochimica per l'analisi della 
espressione del gene KRAS, BRAF e MLH1 nei 
tessuti tumorali con diversa abbondanza 
rispettivamente di B. fragilis, F. nucleatum e 
F.prausnitzii.



Livelli di espressione 
dell’mRNA del TNF, 
COX2, MMP9 and 
CTNNB nei tessuti 

cancerosi con diversa 
concentrazione di B. 
fragilis, F. nucleatum 

eF.prausnizii analizzati 
con RT-PCR, e le 

proteine TNF-α, COX-2, 
MMP-9, β-catenina 

eNF-κB analizzati con 
western blot.

Wei Z et al; Could gut microbiota serve 
as prognostic biomarker associated with 
colorectal cancer patients’ survival? A 
pilot study on relevant mechanism; 
Oncotarget, 2016.



Question 9

May GUT bacteria interfere with 

GI stem cells for regeneration?





➢ The GI epithelium experiences continuous cell loss, also enhanced by the high rates of 

mechanical attrition

GI TURNOVER

➢ The GI renewal depends on a small 

population of multipotent GI-SCs situated 

within the intestinal crypts and the gastric 

glands (unitarian hypothesis)

➢ Most of the epithelial cells are replaced 

every 2-5 days



MARKERS OF GISCs

• Potential markers of GISCs: 

- Musashi-1 (Msi-1) 

- Enhancer of Split Homolog-1 
(Hes), 

- side population,

- FoxP4, 

- Eph, 

- EphA6

• Signaling pathways controlling 
GISCs fate:

- Wnt/β-catenin 

- T-cell factor (TCF)/lymphoid 
enhancing factor (LEF)

Robert K. J. Anat (2008)



GISCs are mainly endogenous gut cells

However, extra-intestinal cells (such as bone 

marrow SCs) can colonize the GI epithelium 

and contribute to the intestinal repopulation

by:

▪ giving rise to GISCs 

▪ providing supporting elements (i.e. 

myofibroblasts, which play an 

important role in the regulation of 

GI-SC niche) 

POSSIBLE ORIGINS OF GISCs

Brittan M, Wright NA. Gut 2004



Activation of Wnt signalling pathway in CD133+ small bowel 

stem cells → neoplastic transformation of the small intestinal 

mucosa. 

CD133+ stem cells give rise to small bowel tumors via

Wnt activation

Zhu L Nature. 2008



CD133 (Prominin1) is a marker of Lgr5+ stem 

cells in the small intestine

Zhu L Nature. 2008



- Patients with ulcerative colitis are at risk for colon cancer

and frequently have microsatellite instability, which is

usually associated with inactivation of transforming growth

factor (TGF) signaling.

- TGF-1 deficiency in mice can lead to colon cancer

(precancerous lesions having submucosal inflammation and

hyperplastic crypts)

- Germ-free TGF-1-deficient mice are free of inflammation,

hyperplasia, and cancer, but when reintroduced into a

Helicobacter hepaticus-containing specific pathogen-free

room, these lesions reappear



(Tgfb1)-null mice develop colonic cancer in the presence of 

conventional gut microbiota

-Because adenoma/carcinoma but not

inflammation/hyperplasia is dependent on the genetic

backgrounds tested, colitis is required, but not sufficient, for

carcinogenesis.

- This animal model should provide insight into the

protective role of TGF-1 in early stages of ulcerative

colitisassociated human colon cancer



FODMAP

F: fermentabili
O: oligosaccaridi
D: disaccaridi (lattosio, fruttani, fruttosio, galattani)
M: monosaccaridi
A: and
P: polyols (sorbitolo, mannitolo, xilitolo, maltitolo, 

lattulosio)

✓ Osmoticamente attivi
✓ Scarsamente assorbiti nell’intestino
✓ Rapidamente fermentati nel tenue



ALIMENTI AD ALTO E BASSO CONTENUTO DI FODMAP
DIETA FODMAP





… ed il microbiota ha un suo ruolo nella malattia 
celiaca?











Endoscopic finding of diverticular inflammation

in patients with symptomatic diverticular disease



• 44 patients with SUDD, Asymptomatic Diverticulosis 
and Healthy Controls

• Difference in Akkermansia mucinphila
• SUDD patients lower butyrate, valerate, choline



Probiotico (DSF)® (P) o 
Rifaximina (R)  o Mesalazina (M) 

o Fibre (F)

2 settimane di 

Trattamento con:

(Giorno 74)Il Microbiota ed il Metaboloma

cambiano sotto trattamento nei

pazienti con  SUDD, confermando il

possibile ruolo della

disbiosi/dismetabolismo nella

patogenesi della malattia

(Giorno 0)
Donne affette da  Symptomatic 

Uncomplicated Diverticular Disease 
(SUDD), valutazione clinica ed analisi 

fecale

•C’è una correlazione fra sintomi, 
espressione del microbiota e del 

metaboloma fecale
• A. muciniphila si riduce

significativamente durante il
trattamento e di correla inversamente

con i Lactobacilli

Il MODELLO DI  PCA DI  T0 vs T1

DIFFERISCE 

SIGNIFICATIVAMETNE COME  

BATTERI E METABOLITE

(Giorno 44)

(Giorno14)

A. muciniphila correlava
positivamente con PC2 mentre

Bifidobatteri e Lactobacilli
correlavano negativamente

T1

T0

T2

T3

Laghi L. J Biol Regul Homeost Agents 2018;32: 1421-1432

Significantiva riduzione del dolore
addominale in fossa iliaca sinistra
durante il follow-up (p<0.0001), ma con
nuovo incremento a T3.

La quantità totale di Akkermansia muciniphila si
riduceva a T1 (p=0.017) e T2 (p=0.026), mentre a T3
tornava simile ai livelli di T0 (p=0.09).



• PREDISPOSIZIONE GENETICA
MA GUT MICROBIOTA AGISCE 
SULLA BARRIERA ENCEFALICA 

DELL‘ANZIANO??



Proinflammatory cytokines, sickness
behavior, and Alzheimer disease



Proinflammatory cytokines, sickness
behavior, and Alzheimer disease



Current Biology 26, 1–6, June 6, 2016 ª 2016 Elsevier Ltd.



« …. La morte si trova nel viscere … 

e la cattiva digestione 

è la radice di ogni male….»



grazie dell’attenzione!!!!

gianmarcogiorgetti@hotmail.com


