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Dormancy and Relapse  

Multiple Drug Resistance  

Metastasis Colonization    

These most alarming aspects of cancer  

are little understood and clinically insuperable 

Ben-Jacob, Coffey, Levine Opinion in Trends in Microbiology (2012) 

Bacterial Survival Strategies Suggest Rethinking Cancer Cooperativity 



Ben-Jacob et al  Trends in Microbiology (2012) 

Why is it that cancer, a disease of eukaryotic organisms, 

shares so many features with a colony of prokaryotes? 

A possible resolution to this conundrum comes from the 

realization that cancer represents an atavistic form of life,  

which ensues following a breakdown of the regulatory  

processes that underlie multicellular organization of  

eukaryotic cells. 

This breakdown unlocks ôancient toolkitsõ of pre- existing adaptations.  

Thus, the cancer cells resort to more fundamental (primitive)  
survival strategies that have been perfected by bacteria.  

Cancer tumors as Metazoa 1.0: tapping genes of ancient ancestors 
Davis and Lineweaver  Phys. Biol.  (2011) 
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Bacterial Swarming Logistics & Cancer Cell Migration  

Why Bacteria and Cancer?  

Reflections on Cancer Selection of navigation Strategy  

Reflections on òCyber Warfareó against cancer 
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Bacterial Drug Resistance  

#1 World Health Problem  

Why?  



Task Distribution and Cell Differentiation   

Learning from Experience   

Changing the Environment  

Collective Decisions   

Sharing Resources and Risks   

Planning for the Future     

Ben-Jacob, Roy. Soci. 2003 ;  

Ben-Jacob, et al Trends in Microbiology 2004 , 2012 



Paenibacillus vortex Social bacteria 

Bacterial Global Village 

      Chemical Twittering 

Sensing 

Information processing 

Communication 

Decisions 

               

14 cm 

6 Inch 

100 times the # of people on Earth 





Variability of cells composing a vortex 

Fluid 

Breaking a vortex and let the cells move 



With Ingham, Kalishman and Finkelstein, PNAS 2011 

With Ariel, Shklarsh, Ingham, Finkelstein, Interface 2012 



Builders Explorers 

Task Distribution and Cell Differentiation  

With Ingham, Kalishman and Finkelstein, PNAS 2011 

With Ariel, Shklarsh, Ingham, Finkelstein, Interface 2012 

With Ingham, BMC Microbiology 2009 



Swarming Intelligence 



Fungal spores hitching a ride on bacterial swarms  

Bacteria use the fungal mycelia as natural bridges  

With Ingham, Kalishman and Finkelstein, PNAS 2011 

With Ariel, Shklarsh, Ingham, Finkelstein, Interface 2012 

Real Spores 

Virtual Cargo 



With Adi Shklarsh, Alin Finkelstein, Gil Ariel, Oren Kalisman Colin Ingham 

Roy Soci INTERFACE (2012 to be published)  



Fungus  

Air Gap (Canyon) 

Mycelia  

Bacteria  



Bacterial Swarming Logistics  & Cancer Cell Migration  

Why Bacteria and Cancer?  

Reflections on Cancer Selection of navigation Strategy  

Reflections on òCyber Warfareó against cancer 



Rapid development of drug resistance 

Cooperative behaviors  

Rapid proliferation 

Capacity to Decoy the immune system 

High Phenotypic Variability  

(Genetic&Epigenetic Plasticity) 

Advanced Motility and Navigation 

An Analogy Between the Evolution of Drug Resistance in  

Bacterial Communities and Malignant Tissues 

Collective behavior in cancer cell populations 

Deisboeck and Couzin  BioEssays (2009) 

Austin et al  Perspective in Nature Reviews Cancer (2011) 

Ben-Jacob, Coffey, Levine Trends in Microbiology (2012) 

Bacterial Survival Strategies Suggest Rethinking Cancer Cooperativity 

Dormancy (sporulation) and relapse (germination) 



Intracellular Cellular Multicellular  Metacommunity 

Collectively regulated innate plasticity (phenotypic, 

epigenetic and genetic diversification) is a key strategy 

shared by bacteria and cancer cells.  

1. Coordination of heterogenic population  
requires linguistic plasticity  

3. Enslaving stromal cells  

2. Decoy of the immune system  



Dubey and Ben-Yehuda Cell 2011 

Bacteria 

Gilloteaux et al SCANNING (1998) 

Physical interactions  
Chemical signaling   

Exchange of genetic information -Exosomes  

Gap junctions and Nanotubes  
(calcium waves? electrical signals?)   

Cancer cells 





Keith Kasnot  

These small membrane vesicles do much more than clean up a cellôs trash 

they also carry signals to distant parts of the body,  

where they can impact multiple dimensions of cellular life. 

Clotilde Théry TheScientist July 1, 2011  

Zhang and William ñExosomes and Cancer: A Newly Described Pathway of Immune 

Suppressionò Clinical Cancer Research 2011 

Camussi et al ñExosome/microvesicle-mediated epigenetic reprogramming of cellsò J. 

Am. Cancer Research 2011 2 µm 

Cancer cell 

Exososmes 

http://the-scientist.com/2011/07/01/exosome-basics/


Spying cells 
Kim et al Cell 2009 

(Self-seeding CCC) 

e.g. MMP1/ 

collagenase-1 e.g. IL-6, IL-8 


