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Bob received a B.S.E. in Bioengineering and Mechanical Sciences from Princeton 
University and an M.D. from the University of Pennsylvania. He completed his 
residency in radiology at the University of Pennsylvania where he also served as 
chief resident. Bob remains an active clinical radiologist specializing in body 
imaging. While working at the Fox Chase Cancer Center after residency, Bob 
perceived that cancer biology and oncology were awash in data but lacked coherent 
frameworks of understanding to organize this information and integrate new results. 
Reaching back to his training in engineering and physical sciences, Bob recognized 
that cancer was a complex dynamic system (similar, for example, to weather) and 
that understanding the often non-linear interactions that govern such systems 
requires mathematical models and computer simulations. As a result, most of  has focused on 
exploring mathematical methods to understand the first principles and key parameters that govern cancer biology and 
treatment. In 2008, Bob joined Moffitt as chair of radiology and convinced the leadership to add a group of 
mathematicians to the faculty and form the Integrated Mathematical Oncology (IMO) department. Now numbering 8 
faculty mathematicians and over 20 post docs and grad students, the IMO has catalyzed formation of several disease- 
oriented teams of oncologists, surgeons, pathologists, radiologists, mathematicians, physicists, cancer biologists, imaging 
scientists and evolutionary biologists. These multidisciplinary groups are investigating virtually every aspect of cancer 
biology and therapy. In fact, IMO members are co-PIs of two ongoing clinical trials that use evolutionary dynamics and 
computational models to guide therapy. There is no other cancer center in the world that has so completely integrated 
mathematical modeling and computer simulations into basic science and clinical research. 

 

 He 
E coli genome was 

nearly 5 orders of magnitude smaller than the information content of the single cell organism. A similar calculation found 
the missing information was in the membrane and the high level on non-randomness in the differences of intracellular and 
extracellular concentrations of Na+, K+, Cl-, Mg++, and Ca++. This led to a decades-long investigation of non-genetic cellular 
information built upon ion fluxes across the cell membrane and along elements of the cytoskeleton. 

 
ABSTRACT 

Uniquely in nature, living systems use information to maintain a stable, highly ordered state while far from thermodynamic 
equilibrium. Investigations of cellular information dynamics are typically limited to genetics. However, information in the 
genome is fixed and requires time to transcribe while optimal evolutionary fitness demands continuous, often rapid, 
adaptations to diverse opportunities and hazards in the environment. Thus, spatially focused, and rapid responses to 
changes in the environment requi
interface with the external environment. We propose cells possess a non-genetic information network built upon 
transmembrane ion gradients. Cells typically use about 1/3 of their energy budget to maintain large transmembrane 
gradients of Na+, K+, Cl-, Mg++, and Ca++. This non-random distribution of ions represents Shannon information that is 
quantitatively (in bits) far larger than that of the genome, but the corresponding evolutionary benefit remains unclear. We 
propose transmembrane ion gradients enable a dynamic and versatile biological communication system that acquires, 
analyzes, and responds to environmental information. We hypothesize environmental signals are transmitted into the cell 
by ion fluxes along pre-existing gradients through gated ion-specific membrane channels. The consequent local changes 
of cytoplasmic ion concentration can generate a local response since the function of many membrane and peripheral 
membrane proteins are dependent on local cation concentration. Ion and electron fluxes along elements of the 
cytoskeleton (which is observed experimentally) allow information exchange between the nucleus, endoplasmic reticulum, 
and the cytoplasm adjacent to the cell membrane enabling an integrated global/regional cellular response. We have 
framed these non-genetic information dynamics through a quasi-physical (Cell-Reservoir) model that demonstrates the 
proposed ion dynamics permit rapid dissemination of information and response to extrinsic perturbations consistent with 
experimental observations. We conclude previously unrecognized information dynamics based on ion fluxes permit 
learned complex nonlinear cellular behaviors that separates living systems from all other constituent of nature. 
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Panel Discussion: Moving cancer bioelectricity research forward 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



 

 

 

  

  

 

  

 
 



 
 

 
 

 

 





 

 
 

  

 

 

    


