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HUMAN INTESTINAL MICROBIOTA

• enhancement of the digestive efficiency

• vitamin synthesis

• competitive barrier against colonization/invasion

• development, education and function of the immune system

• strengthening of the GIT epithelium impermeability

• detoxification of xenobiotics

• central nervous system modulation 

• endocrine system modulation

we are 90% bacteria (1013–1014) and our bacterial counterpart 
provides essential features we have not evolved



PHYLOGENETIC DIVERSITY

> 1000 species

5 (out of 100) bacterial phyla

•Firmicutes, Bacteroidetes : 90%
•Actinobacteria, Proteobacteria, Fusobacteria and 
Verrucomicrobia : 10%



MICROBIOME 106 GENES

58% KNOWN 42% UNKNOWN 
• carbohydrate metabolism (CAZymes)
• energy metabolism
• amino acid metabolism
• biosynthesis of secondary metabolites
• metabolism of cofactors and vitamins 

FUNCTIONAL DIVERSITY



there is a strong selection towards a readily 
changeable individual microbiome profile

ECOSYSTEM PLASTICITY

peculiar structure and temporal dynamics of the individual intestinal 
microbiota

UNIQUENESS OF OUR PHYSIOLOGY, 
HISTORY AND LIFESTYLE 

provide microbiota ecosystem services in the face of personalized physiology, 
immune system, environmental or dietary exposure and lifestyle



gut microbiota is a complex dynamic system 
with the potential for multistability

variable fraction at 40% of the total community

Switch-like behavior, making sudden jumps from 
different steady states  

MUTUALISM

enterotype 1
enterotype 2 enterotype 3



NGS-based characterization of CRC-
associated microbiome changes

ECOSYSTEM MUCOSA

TUMOR SITE

Fusobacterium
Enterococcaceae
Campylobacter
Erysipelotrichaceae
Colinsella
Peptostreptococcus
Anaerotruncus

F. prausnitzii (Cl cluster IV)
Roseburia (Cl cluster XIV)

Fusobacterium
Peptostreptococcus
Porphyromonas
Mogibacterium

F. prausnitzii (Cl cluster IV)
Blautia (Cl cluster XIV)
Bifidobacterium

Fusobacterium
Enterobacteriaceae
Bacilli
Phascolarctobacterium

F. prausnitzii (Cl cluster IV)



by performing a meta-analysis on CRC microbiome 
surveys we have been successful in identifying 

protective and CRC-associated CAGs

CAGs represent groups of microorganisms varying together  



case-control microbiome surveys fingerprinted 
microbiome deviations in CRC raising two key 

questions  

WHICH ARE THE MECHANISMS INVOLVED IN BACTERIAL 
CARCINOGENESIS?

WHICH ARE THE TRIGGERS THAT SHIFT MICROBIOTA TOWARD 
A CARCINOGENIC PROFILE?

pairing compositional and functional microbiota studies and the 
usage of germ free and conventionalized mice to test hypothesis, 

insights on the microbial ecology of CRC have been provided 



the bacterial driver-passenger model

the first glimpse in the microbial ecology of CRC



CRC initiation - drivers



CRC progression - passengers

PASSENGERS 
SUPPORT TUMOR 
PROGRESSION ON 
TUMOR SITE



a third group of microorganisms have now been included in the 
model 

CRC protection – quenchers ?

CAPABLE TO COLONIZE THE ON-TUMOR SITE, THESE 
MICROORGANISMS CAN SLOW DOWN TUMORIGENESIS 
COUNTERACTING THE CRC-PROMOTING ACTIVITY OF 

PASSENGERS



Microorganism Role in 

CRC 

Mechanism 

   

E. faecalis Driver  Production of superoxide 

E. coli NC101 Driver Genotoxin production (colibactin) 

B. fragilis  Driver Genotoxin production (fragilisin) 

Shigella Driver Induction of inflammation 

Citrobacter Driver Induction of inflammation 

Salmonella Driver Induction of inflammation 

Enterobacteriaceae Helper  Induction of inflammation 

Fusobacterium Passenger Induction of inflammation 

S. gallolyticus Passenger Induction of inflammation 

C. septicum Passenger Induction of inflammation 

F. prausnitzii Protective Butyrate production; anti-inflammatory 

properties 

Roseburia Protective Butyrate production; anti-inflammatory 

properties 

Bifidobacterium Protective Protection from pathogens; anti-

inflammatory properties 

Corynebacteriaceae Protective Anti-inflammatory properties 

 1 

candidate drivers, passengers and 
quenchers and mechanisms involved in 

CRC promotion/protection 



mechanisms involved in microbial CRC 
promotion

INDUCTION OF A CHRONIC 
INFLAMMATORY STATE 

GENOTOXIN 
BIOSYNTHESIS 

PRODUCTION 
OF TOXIC 

METABOLITES 

ACTIVATION OF
PRE-CARCINOGENS



forces that lead microbiota to change  

DIET INFLAMMATION

AGING

ENVIRONMENTAL BACTERIA 



triggering factors that force microbiota to 
become carcinogenic

inflammation is the central trigger of the microbiome carcinogenic 
potential  



how can we preserve microbiota-host 
mutualism along the entire life span?  

DIET-BASED STRATEGIES TO PRESERVE 
MICROBIOTA-HOST MUTUALISM ALONG THE 

ENTIRE LIFE SPAN

e.g. diet can be modulated to boost anti-inflammatory and health-
promoting microbiota components such as members of the 

Clostridium cluster IV and XIVa (F. prausnitzii, Roseburia and Dorea)  
 



encouraging results came from a recent 
study in mice

(Zhang et al., Nature Communication 2013) 

LOW FAT DIET (LFD) AND CALORIC RESTRICTION (CR) PRESERVE A HEALTHY 
MICROBIOME TRAJECTORY ALONG THE LIFE COURSE 

LFD and CF increase the relative abundance of microorganisms positively associated 
with lifespan in the midlife and lower the abundance of pro-inflammatory pathogens 

which could represent CRC drivers  

EARLY LIFE MIDLIFE LONG LIFE 
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