
Castellarin et al. (2011) Fusobacterium nucleatum infection is prevalent in human colorectal car-
cinoma. Genome Research 22: 299.

Fearon (2011) Molecular genetics of colorectal cancer. Annual Review of Pathology 6: 479.
Kostic et al. (2011) Genomic analysis identi�es association of Fusobacterium with colorectal car-

cinoma. Genome Research 22: 292.
Marchesi et al. (2011) Towards the human colorectal cancer microbiome. PLoS ONE 6: e20447.
Sears & Pardoll (2011) Perspective: alpha-bugs, their microbial partners, and the link to colon 

cancer. Journal of Infectious Diseases 203: 306.
Tjalsma et al. (2012) A bacterial driver–passenger model for colorectal cancer: beyond the usual 

suspects. Nature Reviews Microbiology 10: 575.
Vogelstein & Kinzler (1993) The multistep nature of cancer. Trends in Genetics 9: 138.

References

Towards the human colorectal cancer microbiome
Bas E. Dutilh1, Julian R. Marchesi2, Annemarie Boleij3
and Harold Tjalsma3

1) Centre for Molecular and Biomolecular Informatics
Nijmegen Centre for Molecular Life Sciences
Radboud University Nijmegen Medical Centre
Nijmegen, The Netherlands

2) School of Biosciences, Cardi� University
Cardi�, United Kingdom

3) Nijmegen Institute for Infection, In�ammation and
Immunity (N4i)
Radboud University Centre for Oncology (RUCO)
Radboud University Nijmegen Medical Centre
Nijmegen, The Netherlands

Clostridiales

Corio-
bacteriaceae

Firmicutes

Actinobacteria

Off-tumor On-tumor

Streptococcaceae 2

Roseburia 1

Slackia 1

Collinsella 1
Coriobacterium 1

Bacteroides 43 1

Faecalibacterium 3 1

Erysipelotrichaceae 1

Fusobacterium 3 421

Peptostreptococcaceae 1

Anaerovorax 1
Clostridium 3

Eubacterium 4

Ruminococcaceae 31

Enterobacteriaceae 1 2

Actinomycetales 1 2

Gamma-
proteobacteria

Aggregatibacter 2

?

Studies (1) through (4) show that certain bacterial taxa spe-
ci�cally inhabit the tumor niche, while others are enriched in 
the adjacent una�ected mucosa.

The CRC Microbiome

(1) 16S rRNA amplicons, 6 Dutch patients (Marchesi et al. 2011)
(2) Metagenome, 9 Spanish, American and Vietnamese pa-

tients (Kostic et al. 2011)
(3) 16S rRNA amplicons, 95 Spanish, American and Vietnam-

ese patients (Kostic et al. 2011)
(4) Metatranscriptome, 9 American patients (Castellarin et al. 

2011)

Driver bacteria

Passenger bacteria

Bacterial Drivers of CRC
Bacterial drivers of CRC are gut bacteria with pro-carcino-

genic features that may contribute to CRC development.

Driver bacteria may be outcompeted by passenger bacteria 
as the tumor progresses from an adenoma to a carcinoma.

Stimulates cleavage of E-cadherin 
(tumor suppressor)

Bacteroides fragilis 
(ETBF)

BFT (a metalloprotease; 
a.k.a. fragilysin)

May cause DNA damage when con-
verted to hydrogen peroxide

Enterococcus faecalis Extracellular superoxide

Induces DNA single strand breaks; en-
coded on the polyketide synthetase 
(pks) island in certain strains

Escherichia coli Colibactin

Prolonged in�ammatory response; 
antibody titers against Salmonella are 
increased in early CRC patients 

Enterobacteriales 
(Shigella, Citrobacter, 
Salmonella)

Genotoxins

Bacterial passengers of CRC are relatively poor colonizers of 
a healthy intestinal tract, but gain a competitive advantage 
when the growing CRC tumor changes the local microenvi-
ronment (Tjalsma et al. 2012).

Passenger bacteria may either promote (opportunistic 
pathogens) or inhibit (preserve niche) tumor growth.

Bacterial Passengers of CRC

Clostridium septicum

Fusobacterium Production of butyrate (fuel for colon cells), pro-in�ammatory 
(implicated in in�ammatory bowel disease), stimulates metas-
tasis, hitchhikes with metastasising cells throughout the body

Streptococcus gallolyti-
cus subsp. gallolyticus 

Coriobacteriaceae 
(Slackia, Colinsella)

Cause of endocarditis, strong biomarker for adenomas or CRC 
(albeit rare), may escape immune system in blood stream, in-
cidence associated with livestock

Cause of bacteraemia associated with colorectal malignancies

Probiotic bacteria, production of equol (strong antioxidant), 
butyrate (preferred fuel for colonic cells), these catabolites 
also have anti-carcinogenic properties

We propose that species found in the o�-tumor samples 
are the typical colon microbiota for CRC patients. The identi-
�ed species may act as driver bacteria for CRC. Screening for 
these species can identify patients with a high risk for devel-
oping CRC. They may be selectively targeted to prevent CRC.

Growth of the tumor alters the niche (loss of colonic barrier 
function, bleeding). This attracts passenger bacteria with a 
competitive advantage in the changed microenvironment.

carcinomaadenomahyperproliferative
epithelium

normal
epithelium

accumulation
of mutationsAPC P53

Driver bacteria
Enterotoxigenic Bacteroides fragilis (ETBF) (Sears & Pardoll, 2011)
Enterobacteria
toxin-producing bacteria, pathogens

Passenger bacteria
Fusobacterium
Streptococcus
Coriobacteria
Tumor-foraging commensals
Opportunistic pathogens

Conclusions

Human colorectal cancer (CRC) is the 4th most commonly 
diagnosed cancer in the world. It is initiated by driver muta-
tions in the stem cells at the base of the villus crypt. During 
the progression from adenoma to carcinoma, these cells 
become immortal and accumulate additional passenger mu-
tations (Fearon 2011, Vogelstein & Kinzler 1993). The triggers 
for these mutations remain elusive.

In 2011, four large-scale data sets were published that de-
scribe the microbiota associated with CRC tumors.

Introduction

(1)
(2, 3) (4)

CRC tumor inside the colon.


