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Are intestinal bacteria bystander to 
the carcinogenic process?
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Microbiota and Humans



Humans are a composite 
of microorganisms 



Rapid colonization early in life 
set microbiota 



Microbial composition varies according 
to the original seeding



Microbial composition varies according 
to the original seeding

C-section C-section + vaginal sponge



The environment represents another 
important source of microbial exposure 

(seeding and transient) 



Double threat phenomenon

Inside Outside



Outside

Microbes and cancer: The infectious route 

~4 X 1030 microbes on earth

Epstein-Barr virus (EBV): Lymphomas
Human papillomavirus virus: Cervical cancer and other cancers 
Human herpes virus: Kaposi’s sarcoma
Hepatitis B virus (HBV) and hepatitis C virus (HCV):  non-Hodgkin lymphoma, liver cancer
Helicobacter species:  stomach, biliary tract, and gallbladder cancer.

10 organisms are 
designated as 
carcinogenic

(International Agency 
for Cancer Research)



Microbes and cancer: Intestinal biota 
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Diabetes

microbiota
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Microbiota composition in 
colorectal cancer?

Next Generation Sequencing



State of microbial dysbiosis in CRC patients

Adenocarcinoma

Enterococcus, Escherichia/Shigella, Klebsiella, Streptococcus, and Peptostreptococcus 

Lachnospiraceae

Adenoma
Firmicutes, Bacteroidetes, Fusobacterium and Proteobacteria 

Coriobacteridae, Roseburia, Fusobacterium, 

Providencia and Faecalibacterium

Enterobacteriaceae
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Functional impact of CRC-dysbiosis?



Drilling down the microbiome world

target

Microbiome o’mics approaches
(metagenome, metatranscriptome, 

proteome, metabolome)

gnotobiotics, humanized mice, microbial 
gene manipulation, bioreactors, 

structural chemistry, small molecules  

Informative but associative results

functional?



How to dissect contribution of 
microbes in carcinogenesis? 

Germ-free

Next Generation Sequencing

“Humanized” mice



Arthur et al 2012 Science Oct 5;338(6103):120-3.

The enemy within

ctl E.coli pks E.coli   pks

Comet Assay: 16S V6 Microbiome analysis

IL-10-/- (CRC) 

WT (non-CRC)



Drilling down the microbiome world



Adenocarcinoma

Enterococcus, Escherichia/Shigella, Klebsiella, Streptococcus, and Peptostreptococcus 

Lachnospiraceae

Adenoma
Firmicutes, Bacteroidetes, Fusobacterium and Proteobacteria 

Coriobacteridae, Roseburia, Fusobacterium, and Faecalibacterium

Enterobacteriaceae

Microbial dysbiosis in CRC patients

Biofilm correlates with 5X increase CRC rates



How to dissect contribution of 
microbe in carcinogenesis? 

“Humanized”	mice	
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Microbes and cancer: 
Bacteria as therapeutic adjuvant? 



Microbes and cancer therapy 

Dendritic 
cells

TLR2

intestinal bacteria 
(Bifidobacterium, 

bacteroides)

? ?

Naive T cell 
(CD8)

Enhanced responsiveness
to immunotherapy

Immunotherapy

Anti-PD-1/PD-L1
Anti-CTLA-4

Enhanced CD8

Antigen uptake

Tumor cells

Anti-tumor 
responses

Antigen presenting cells



Microbes and cancer: Now what? 

“Cancer Microbiota”

Cancer

Prebiotics-Probiotics
Dietary manipulation

Rx targeting microbial 
cancer genes

Generation of biomarkers
(diagnostic, prognostics, treatment)

bacteriophage therapy

Anti-cancer adjuvant

Bacteriotherapy
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