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The Bioelectric basis of morphogeneƟc intelligence: 
a roadmap for cancer medicine 

 
Michel Levin 

TuŌs University 

Biography 

Michael Levin is the Vannevar Bush DisƟnguished Professor of Biology at TuŌs University 
and associate faculty at Harvard’s Wyss InsƟtute. He serves as the director of the Allen 
Discovery Center at TuŌs and the co-director of the InsƟtute for ComputaƟonally 
Designed Organisms at TuŌs/UVM. He has published over 400 peer-reviewed publicaƟons 
across developmental biology, computer science, and philosophy of mind. His graduate 
work on the molecular basis of leŌ-right asymmetry (Cell 1995) was chosen by the journal 
Nature as a “Milestone in Developmental Biology in the last century”. His group at TuŌs 
works to understand informaƟon processing and problem-solving across scales, in a range 
of naturally evolved, syntheƟcally engineered, and hybrid living systems. The Levin lab has pioneered approaches 
to organ regeneraƟon, cancer reprogramming, non-geneƟc modificaƟon of the bodyplan, and the engineering 
of novel living proto-organisms. Using tools from behavioral and computer science, Dr. Levin seeks to understand 
the collecƟve intelligence of cells and harness their problem-solving capaciƟes for applicaƟons in birth defects, 
regeneraƟon, cancer, and syntheƟc bioengineering. 

 

Abstract 

 Why do cells ever abandon the Ɵny metabolic and reproducƟve goals of amoebas and work together on large 
construcƟon projects such as maintaining healthy human organs? The failure mode of this process of 
coordinaƟon and collecƟve intelligence in mulƟcellular animals is cancer. In this talk, I will describe a view of 
morphogenesis and cancer from the perspecƟve of basal cogniƟon and the scaling of cellular competencies. I 
will describe our work on endogenous bioelectrical networks as the informaƟonal glue that binds cells to 
common purpose maintaining Ɵssues, and thus suppresses tumorigenesis. I will describe including new ways to 
detect, induce, and normalize cancer in vivo in animal models by reading and wriƟng the bioelectric paƩern 
memories that guide large-scale growth and form. I will end with a perspecƟve on regeneraƟve medicine and 
electroceuƟcals: ion channel drugs that, together with AI computaƟonal models, offer a new roadmap for 
reprogramming the soŌware of life toward health. 
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9:30 Session 1: Bioelectricity in Normal Physiology 
 

Chair: Michael PycraŌ Hughes, Khalifa University 
The cellular zeta potenƟal: cell electrophysiology beyond the membrane 

 
NCI Co-Chair: Eric Johnson Chavarria, NCI, Division of Cancer Biology 

 
Emily Anne Bates, University of Colorado 

Mechanisms underlying influence of bioelectricity in development 
 

Robert Gatenby, MoffiƩ Cancer Center 
Modeling non-geneƟc informaƟon dynamics in cells using reservoir compuƟng 
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Dielectrophoresis: new tools for cell biology, electromics and diagnosƟcs. 

 
Michael PycraŌ Hughes 

Khalifa University, Abu Dhabi 
Biography 
Mike Hughes is Professor of Biomedical Engineering at Khalifa University of Science and Technology in 
Abdu Dhabi, UAE.  His research encompasses new models for cell electrophysiology, instruments for 
cell measurement, and electrophysiological methods of diagnosis.  He received an MEng in Electronic 
Engineering (1992), PhD in Bioelectronics (1995) and DSc for his work on Dielectrophoresis (2023) 
from the University of Wales at Bangor, and held research posiƟons at the MD Anderson Cancer Center 
in Texas and the University of Glasgow in Scotland, before joining the faculty at the University of Surrey 
in England from 1999-2021.  He served as Senior Editor/Editor-in-Chief of IEEE TransacƟons on 
Nanobioscience for 9 years and is a Fellow of the Learned Society of Wales. 
 
Abstract 
Bielectrophoresis (DEP) is the moƟon of polarizable suspensoids (such as suspended cells) in non-uniform electric fields; 
it is analogous to the more common electrophoresis, but relies on the (frequency-dependent) polarisaƟon of the cell.  The 
frequency-dependent nature of DEP means that analysis of the frequency response (typically 1kHz – 50 MHz) allows 
determinaƟon of many cellular electrical parameters: membrane conductance and capacitance, and cytoplasm 
conducƟvity and permiƫvity1.  Recent further analysis at mulƟple medium conducƟviƟes allow extracƟon of further 
properƟes, including the membrane potenƟal Vm and ζ-potenƟal2.  CollecƟvely, we refer to this parameter set as the 
cellular electrome.  Studies of the interacƟon of the electrome components has yielded valuable informaƟon on the 
interacƟon between the membrane potenƟal and the extracellular environment, with a significant proporƟon (typically 
30-35%) of Vm appearing in the ζ-potenƟal, the voltage measured typically 2nm outside the cell, suggesƟng new potenƟal 
mechanisms for intracellular communicaƟon and alteraƟon of the tumour microenvironment.   
 Understanding these interacƟons has allowed us to develop DEP as a tool for general electrophysiology.  Since it requires 
no fluorescent labels or other biochemical markers, but simply takes a dielectric fingerprint of the cells being analysed, it 
is readily amenable for rapid diagnosƟc tests.  To meet this need, we developed the first commercial DEP cytometer, called 
the 3DEP 3.  This analyses ca. 20,000 cells in 10-30 seconds, with the only consumable being a $5 disposable chip.  The 
rapidity and low cost of measurement has enabled us to explore electrophysiological differences in cells which would 
previously only been explored using more complex measurements such as patch clamp. 
 One such measurement is the detecƟon of cancer.  It has been known for many years that cancer cells are electrically 
depolarised compared to their healthy counterparts; using the 3DEP we have developed a test for oral cancer that uses 
cells collected by brush biopsy.  Analysis of 119 samples from four UK hospitals showed sensiƟvity of 92% and specificity 
of 95% when detecƟng cancer against either healthy controls or benign lesions as confirmed by immunohistopathology 4.  
Samples were collected in clinic and mailed to a central analysis site; no temperature control was found to be required, 
and samples remained measurable up to 7 days aŌer collecƟon.  A smaller pilot study showed similar staƟsƟcs for bladder 
cancer, based on cells collected from urine samples5.    
 
1. MP Hughes, Nanoelectromechanics in Engineering and Biology, CRC Press, 2002. 
2. MP Hughes, SP Clarke, R Hoque et al. Sci. Rep. 2024 in press (doi: 10.1038/s41598-024-69000-7) 
3. KF HoeƩges, EA Henslee, RM Torcal Serrano, et al. Sci. Rep. 2019 9 19153 
4. MP Hughes, FH Labeed, KF HoeƩges,et al. Journal of Oral Pathology & Medicine 2023 52 305-314 
5. R Hoque, H Mostafid, MP Hughes. IEEE J. Trans. Eng. Health Med. 2020 8 4300405   
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Mechanisms Underlying Influence of Bioelectricity in Development 

Emily Bates, PhD 

University of Colorado Anschutz Medical Campus 

Biography 

Dr. Emily Bates is an Associate Professor in the Department of Pediatrics at the 
University of Colorado Anschutz Medical Campus. Dr. Bates has led research 
that defines mechanisms by which ion channel acƟvity contributes to 
morphological development for the past 14 years. She pioneered the use of 
mice and flies to study how ion channels regulate the development of Ɵssues 
that most people do not consider excitable (e.g. palate mesenchyme Ɵssue). 
Dr. Emily Bates started her research training as an undergraduate in the lab of 
Dr. Anthea Letsou at the University of Utah using geneƟcs to define 
mechanisms in developmental biology. She earned her PhD in geneƟcs from Harvard Medical School 
with a focus on ion channels and neurodegeneraƟon in the lab of Dr. Ann Hart. Her postdoc was 
performed at UCSF where she studied episodic neurological disorders. Dr. Bates training in 
developmental biology and neuroscience combined to uniquely qualify her to address the quesƟon 
of how do ion channels contribute to cell-to-cell signaling for the development of complex 
structures. These studies have implicaƟons for cancer development and spread as ion channels 
control signals that regulate angiogenesis, cell migraƟon (metastasis), and proliferaƟon. 

 

Abstract: 

Bone MorphogeneƟc Protein (BMP) signaling is a key cell-to-cell signal for the embryonic 
development of complex structures ranging from limbs to the mammalian face. In addiƟon, BMP 
can promote and suppress tumor growth and metastasis depending on the Ɵssue context. However, 
liƩle is known about the mechanisms that govern BMP secreƟon. We show that depolarizaƟon 
induces calcium-dependent BMP4 release from mouse embryonic palate mesenchyme, a Ɵssue that 
was previously considered non-excitable. We show endogenous transient changes in intracellular 
calcium occur in cranial neural crest cells, the cells from which embryonic palate mesenchyme 
derives. Waves of transient changes in intracellular calcium suggest that these cells are electrically 
coupled and may temporally coordinate BMP release. These transient changes in intracellular 
calcium persist in palate mesenchyme cells from embryonic day 9.5 to 13.5 mice. DisrupƟon of a 
potassium channel called Kcnj2 significantly decreases the amplitude of calcium transients and the 
ability of cells to secrete BMP. Kcnj2 knockout mice have cleŌ palate and reduced BMP signaling. 
Our data suggest that temporal control of developmental cues is regulated by ion channels, 
depolarizaƟon, and intracellular calcium for mammalian craniofacial morphogenesis. These data 
have broad implicaƟons for BMP signaling in other contexts because BMP signaling regulates 
angiogenesis, tumor growth, and cancer metastasis. 
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11:00 Session 2: Mechanisms of Bioelectricity 
 

Chair: Marco Rolandi, University of California Santa Cruz 
Bioelectric Signaling: Role of Bioelectricity in DirecƟonal Cell MigraƟon in Wound Healing 

 
NCI Co-Chair: Sean E Hanlon, NCI Center for Strategic ScienƟfic IniƟaƟves 

 
Joao Carvalho,  University of Coimbra 

A computaƟonal model of organism development and carcinogenesis resulƟng from cells’ 
bioelectric properƟes 

 
Xi Huang, University of Toronto 

EGF receptor signaling is essenƟal for electric-field-directed migraƟon of breast cancer 
cells 
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DirecƟng homeostasis in cells to control cell cycle and fate 

 

Marco Rolandi 

Department of Electrical and Computer Engineering 

University of California, mrolandi@ucsc.edu 

 

Biography 

Marco Rolandi, Ph.D., is Professor of the Department of Electrical and 
Computer Engineering Department at the University of California, Santa Cruz. 
He is also co-founder and Chief ScienƟfic Advisor of CruzFoam that makes 
sustainable packaging soluƟons. Marco received his PhD in Applied Physics 
from Stanford University and a LEAD CerƟficate from the Stanford Graduate 
School of business. His research focuses on bioelectronic systems and devices, 
biological control in regeneraƟve medicine and syntheƟc biology, and their translaƟonal 
applicaƟons. His work on bioelectronic transistors and shark electrosensors has been highlighted in 
The New York Times, the Washington Post, New ScienƟst, MRS 360, IEEE Spectrum, Materials Views, 
Engadget, Popular Science, and several others. He currently leads one of the teams performing on 
the DARPA BTO BETR program to accelerate wound regeneraƟon using bioelectronics.  

 

Abstract 

Homeostasis is essenƟal in biological processes and to life itself. To maintain homeostasis receptors 
and effectors connected in a closed control loop achieve and maintain a dynamic equilibrium. 
Examples include cardiac rhythms, blood glucose regulaƟon, thermoregulaƟon, and cell-lifecycle. 
Bioelectronic devices are now able to sense and actuate physiological processes by translaƟng 
biological signals in the form of ions and small molecules into electronic signals that can be analyzed 
and processed by informaƟon technologies. I will present our work that merges AI based closed loop 
control with bioelectronic sensors and actuators to direct physiological processes. I will focus on our 
proof-of-concept aimed at direcƟng stem-cell fate by controlling cell membrane potenƟal.  We used 
fluorescent reporters and ion pumps that can change extracellular ionic concentraƟon to dial 
membrane potenƟal in pluripotent stem cells. Membrane potenƟal is a key variable that drives cell 
funcƟon and morphogenesis. With this bioelectronic toolbox we can open opportuniƟes to direct 
cell fate, organ shape, and potenƟally limit abnormal cell-proliferaƟon such as in cancer.  
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A bioelectric computaƟonal model of cell membrane depolarizaƟon and 

carcinogenesis Joao Carvalho 

University of Coimbra 

Biography 

Dr. Carvalho is a Professor of Physics at the University of Coimbra, 
Portugal. He is a member of the SoŌ and Biological MaƩer group in the 
Center of Physics of the University of Coimbra (CFisUC). His research 
work focuses on developing computer models for simulaƟon of 
carcinogenesis and organism development, in parƟcular the influence of 
bioelectricity in cell communicaƟon and Ɵssue organizaƟon. Dr. 
Carvalho received a BSc in Physics from Coimbra University and a PhD 
in ParƟcle Physics from the University of Liverpool, UK. There he studied 
symmetry breaking in the neutral kaon system. Later he moved to 
modeling of biological systems at CFisUC. 

Abstract 

A robust theory of biological organizaƟon is needed for beƩer interpretaƟon of observaƟonal 
results and to advance our understanding of life’s complexity. Such a theory would significantly 
aid in explaining both normal and pathological organism development. As the main theory of 
carcinogenesis, the SomaƟc MutaƟon Theory faces increasing challenges in explaining some 
experimental observaƟons, and different theories are being proposed. One major alternaƟve is 
the Tissue OrganizaƟon Field Theory, which views cancer as a disease of Ɵssue regulaƟon rather 
than a primarily cellular issue. This work supports this hypothesis, suggesƟng that the bioelectric 
field - parƟcularly cell membrane polarizaƟon and ionic exchange through ion channels and gap 
juncƟons - is crucial for cell communicaƟon and Ɵssue regulaƟon. 

Carcinogenesis is introduced through localized depolarized cells or random depolarizaƟon within 
the Ɵssue, returning cells to a uncontrolled state. A computaƟonal model of cancer iniƟaƟon was 
developed, based on some principles of organism development theory, suggesƟng that cells' 
default state is proliferaƟon and moƟlity, regulated by bioelectric contexts, and incorporaƟng the 
propagaƟon of a cell depolarizaƟon wave within the Ɵssue. This depolarizaƟon changes the cell 
state by acƟvaƟng and deacƟvaƟng various regulatory pathways, decreasing the cell proliferaƟon 
control, with no need of genomic mutaƟons. Intercellular communicaƟon via gap juncƟons can 
propagate this bioelectric state to neighboring cells, creaƟng a chain reacƟon unƟl an electric 
disconƟnuity is reached. However, this process is reversible, as normalizing the bioelectric 
condiƟon can restore homeostasis, and experimental evidence shows that targeted therapy on ion 
exchange channels can repolarize cells and reverse the uncontrolled depolarized state. This 
mechanism could be significant in cancer prevenƟon, diagnosis, and therapy, warranƟng further 
experimental invesƟgaƟon. Even in its simplified form, the model offers insights for new 
approaches in complex systems and suggests experimental tests focused on its predicƟons. 
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TargeƟng fluidic force-sensing mechanism to treat brain tumor metastasis 
 

Xi Huang 
 

The Hospital for Sick Children / University of Toronto 
 

Biography 
 
Dr. Xi Huang is a Senior ScienƟst in the Developmental and Stem Cell Biology Program at The Hospital 
for Sick Children, and Associate Professor in the Department of Molecular GeneƟcs at University of 
Toronto. Dr. Huang holds Canada Research Chair in Cancer Biophysics. Dr. Huang studies ion channel-
mediated mechano-electrical-chemical signaling in brain cancer. Dr. Huang received B.Sc. in Biological 
Sciences from Xiamen University, Ph.D. in Developmental Biology from Vanderbilt University, and 
completed postdoctoral training in Dr. Lily Jan’s lab at University of California, San Francisco.  
 
Abstract 
 
Brain tumor is the leading cause of cancer-related deaths in children. How brain tumour growth alters 
the conduit of biofluid, thereby impacƟng fluid shears stress (FSS)-regulated cancer progression is 
unknown. Medulloblastoma (MB) is the most common malignant pediatric brain tumour. 
DisseminaƟon of MB cells into the highly nutrient-deprived cerebrospinal fluid (CSF) iniƟates 
metastasis within the central nervous system. I will present our simulaƟon of the CSF dynamics based 
on paƟent magneƟc resonance imaging, which shows that FSS is elevated at the cervicomedullary 
juncƟon. I will show that MB-relevant FSS promotes metastasis along the spinal cord in mice. MB cells 
perceive FSS by mechanosensiƟve calcium-permeaƟng ion channel PIEZO2, which drives actomyosin 
contracƟlity-dependent GLUT1 recruitment at the plasma membrane to enhance glucose uptake. I will 
show that geneƟc targeƟng of PIEZO2 or pharmacologic inhibiƟon of GLUT1 miƟgates metastasis in 
mice. I will end by proposing a targetable FSS-acƟvated mechano-metastaƟc cascade for the treatment 
of MB metastasis. 
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12:30 Session 3: Bioelectricity and cancer 
 

Chair: Mustafa Djamgoz, Imperial College London 
 

NCI Co-Chair: Miguel R Ossandon, NCI Cancer Treatment and Diagnosis 
 

Electrical signaling in cancer 
 

Madeleine J Oudin, TuŌs University 
Potassium channel-driven bioelectric signaling regulates metastasis in triple-negaƟve 

breast cancer 
 

Michael R. King, Vanderbilt University 
Ion channels in cancer mechanotransducƟon 
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Electrical signaling in cancer: CELEX model 
Mustafa B A Djamgoz 

Imperial College London, UK 
Biography 
Djamgoz has been interested in ‘bioelectricity’ since his teenage years. He 
studied physics at Imperial College London moving onto a PhD in biophysics. 
He spent some 25 years working on the electrophysiology of various model 
neurobiological systems including the vertebrate reƟna, insect neurons and 
giant muscles and frog oocytes. In 1995, he was made Professor of 
Neurobiology. Curiosity then led him to study electrical signaling in cancer 
cells, beginning again with model cell lines derived iniƟally from prostate 
cancer. In a comparaƟve approach, he showed for the first Ɵme (in 1995) that 
cancer cells of strong metastaƟc potenƟal express de novo voltage-gated 
sodium channels (VGSCs). This phenomenon has now been confirmed in several carcinomas. In the 
following 25 years, he revealed several key aspects of the channels’ molecular pathophysiology and 
clinical potenƟal. In 2005, the new work led to a second Professorship in Cancer Biology. In 2020, he was 
appointed ‘Emeritus Professor’ at Imperial (a lifeƟme posiƟon) and remains research acƟve. He holds 
several patents and a company (Celex Oncology InnovaƟons Ltd) has been formed focused on his 
discoveries. He is the co-EIC of the journal, Bioelectricity.  
Abstract 
Cancer cells express a plethora of ion channels, rather like the brain! We adopted a dual strategy 
focusing on (i) voltage-acƟvated ion channel (due to the massive influence of the membrane potenƟal 
on cellular funcƟoning) and (ii) those channels that may drive metastasis, the main cause of death from 
cancer. As cells’ metastaƟc potenƟal increased VGSC acƟvity appeared whilst, in parallel, outward 
currents were reduced, i.e. the cells acquired electrical excitability. We call this the CELEX model (CELEX 
= Cellular Excitability) (Djamgoz, 2024a). Subsequent work confirmed that such cells indeed generate 
Hodgkin-Huxley type acƟon potenƟals (APs). The results have strong clinical implicaƟons. 
Electrodiagnosis would be possible simply by recording APs using electrodes placed on superficial 
tumours, e.g. melanoma. Thus, an ‘electro-oncogram’, analogous to electrocardiogram, can be 
developed. There are also several therapeuƟc possibiliƟes. First, the culprit VGSCs can be targeted by 
exploiƟng their (i) neonatal nature or (ii) the persistent current which develops in hypoxia, common to 
growing tumours. The laƩer can selecƟvely be suppressed using the anƟ-angina drug, ranolazine 
(Djamgoz, 2024b). Yet another possibility is to use DC electric fields to impose galvanotacƟc movement 
upon VGSC-expressing cancer cells and draw them out of the tumours (Mycielska & Djamgoz, 2004). 
The long-term promise of our research is to control metastasis non-toxically, rather than kill cancer cells, 
and thus avoid issues like stemness-driven drug resistance and disease recurrence. Thus, it may 
ulƟmately become possible to live with cancer as a chronic condiƟon.  
References 
Djamgoz MBA (2024a). Electrical excitability of cancer cells-CELEX model updated. Cancer Metastasis 
Rev. doi: 10.1007/s10555-024-10195-6. Epub ahead of print. 
Djamgoz MBA (2024b). Ranolazine: a potenƟal anƟ-metastaƟc drug targeƟng voltage-gated sodium 
channels. Br J Cancer. 2024 May;130(9):1415-1419. doi: 10.1038/s41416-024-02622-w. 
Mycielska ME, Djamgoz MBA (2004). Cellular mechanisms of direct-current electric field effects: 
galvanotaxis and metastaƟc disease. J Cell Sci. 2004 Apr 1;117(Pt 9):1631-9. doi: 10.1242/jcs.01125. 
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Potassium channel-driven changes in the membrane potenƟal regulate metastasis 
 

Madeleine Oudin 

TuŌs University 

 

Biography: 

Madeleine completed a BSc in Biochemistry at McGill University, a PhD 
in Neuroscience from King’s College London, UK. She was a post-doctoral 
fellow working in Prof. Frank Gertler’s lab at the Koch InsƟtute for 
IntegraƟve Cancer Research at MIT for 6 years. She received a Breast 
Cancer Research Department of Defence Post-doctoral Fellowship and a 
K99/R00 Pathway to Independence from the NCI. She started her own 
lab at TuŌs University in the department of Biomedical Engineering in 
2018, where research focuses on understanding the mechanisms by 
which the tumor microenvironment contributes to cancer metastasis 
and resistance to drugs. She has received numerous awards for her research such as the DP2 
New Innovator Award in 2021 and the 2020 CMBE Rising Star Award and was voted Exemplary 
Engineer by the graduate students in her department 3 years in a row.  
 

Abstract: 

Metastasis, driven by the local invasion of tumor cells to secondary sites in the body, is the 
leading cause of cancer deaths.  We have found that on average, 40% of triple-negaƟve breast 
cancer (TNBC) paƟents have gain-of-funcƟon mutaƟons or gene amplificaƟon in the 50 K+ 
channels expressed in breast tumors and that K+ ion flow regulates the RMP of TNBC cells. 
Overexpression of K+ channels leading to hyperpolarizaƟon in human TNBC cells significantly 
increased tumor cell invasion in vitro and tumor growth and metastasis in vivo via upregulaƟon 
of pro-invasive cytoskeletal genes. Further, we found that the FDA-approved K+ channel blocker 
Amiodarone induced depolarizaƟon in human TNBC cells, leading to decreased proliferaƟon and 
reduced metastasis in vivo. K+ channel blockers can synergize with exisƟng chemotherapy 
treatments used for TNBC treatment to further reduce cell survival and invasion. Our work 
provides insight into how the bioelectric properƟes of cells regulate cell migraƟon and metastasis 
and idenƟfies novel treatment strategies for metastaƟc disease that target endogenous 
bioelectrical control mechanisms through drug repurposing.  
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Cancer Mechanotherapy: Harnessing Cellular MechanotransducƟon 

to Understand and Treat MetastaƟc Cancer 

Michael King 

Rice University 

Biography 

Michael R. King is the E.D. Butcher Chair of Bioengineering at Rice 
University, and Special Advisor to the Provost on Life Science 
CollaboraƟons with the Texas Medical Center. He is also a Scholar of 
the Cancer PrevenƟon and Research InsƟtute of Texas (CPRIT). Previously, 
King was the J. Lawrence Wilson Professor and Department Chair of 
Biomedical Engineering at Vanderbilt University, and before that was the 
Daljit S. and Elaine Sarkaria Professor at Cornell University. He completed 
a PhD in chemical engineering at the University of Notre Dame and 
postdoctoral training in bioengineering at the University of Pennsylvania. He has wriƩen textbooks 
on the subjects of staƟsƟcal methods and microchannel flows, and has received several awards 
including the NSF CAREER Award, Outstanding Research Awards from the American Society of 
Mechanical Engineers and the American Society of Clinical Chemistry, and the Christopher Jacobs 
Award for Excellence in Leadership. King is a Fellow of the American InsƟtute of Medical and 
Biological Engineering (AIMBE), Biomedical Engineering Society (BMES), InternaƟonal Academy of 
Medical and Biological Engineering (IAMBE), American AssociaƟon for the Advancement of Science 
(AAAS), and the NaƟonal Academy of Inventors (NAI), and served as founding Vice President of the 
InternaƟonal Society of Bionic Engineering. Since 2013 he has been the Editor-in-Chief of Cellular 
and Molecular Bioengineering, an official journal of the BMES. He previously served as Chair of the 
BME Council of Chairs, and Chair of the AIMBE College of Fellows. 

Abstract 

Many types of cancer metastasize via the bloodstream, where circulaƟng tumor cells (CTCs) 
originaƟng from the primary tumor can travel through the circulaƟon or lymphaƟc system and 
engraŌ in distant organs. Previously, our laboratory found that cancer cells exposed to physiological 
levels of fluid shear stress (FSS) are dramaƟcally more suscepƟble to undergoing apoptosis via TRAIL 
protein, inspiring a new therapeuƟc drug delivery approach to target metastaƟc cells in the 
circulaƟon. The FSS response of CTCs and their neutralizaƟon by nanoscale liposome conjugaƟon to 
the surface of circulaƟng immune cells has been demonstrated with in vitro cell line experiments, 
orthotopic mouse models of metastasis, and analysis of primary CTC aggregates isolated from 
metastaƟc cancer paƟents. We learned that this shear stress response is primarily mediated by 
Piezo1 acƟvaƟon, and is modulated by interacƟons with aggregated stromal cells such as cancer-
associated fibroblasts. InteresƟngly, we also discovered that FSS acƟvaƟon of Piezo1 dramaƟcally 
enhances the acƟvaƟon of T cells and dendriƟc cells, which may have important implicaƟons for 
various immunotherapy applicaƟons. Our ongoing research is also exploring whether cellular 
mechanosensors can be non-invasively sƟmulated using focused ultrasound, to improve clinical 
outcomes in cancer. 



14 
 

 

2:00 Session 4: Bioelectricity potenƟal clinical and translaƟonal research 
 

Chair: Norbert Perrimon, Harvard Medical School 
Bioelectric-dependent intesƟnal regeneraƟon 

 
NCI Co-Chair: Linda Zane, NCI Small Business InnovaƟon Research (SBIR) 

 
Donglu Shi, University of CincinnaƟ 

Bioelectricity in nano-bioprobing and cancer diagnosis 
 
 

Dany Spencer Adams, TuŌs University 
Cell membrane voltage imaging to idenƟfy cancer in biopsies and surgical specimens 

 
Rosalia Moreddu, InsƟtuto Italiano di Tecnologia 

Nanotechnology and cancer bioelectricity: bridging the gap between biology and 
translaƟonal medicine 
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Bio-Electrical ManifestaƟon of the Warburg Effect: GlycolyƟcally-Regulated Cancer Cell Surface Charge 

Donglu Shi 

University of CincinnaƟ 

Biography 

Dr. Donglu Shi is a professor of Materials Science and Engineering at the University of 
CincinnaƟ. His research focuses on nanoscience-based precision medicine, cancer 
diagnosis and therapeuƟcs, and biomaterials, which involve designs of unique 
nanostructures that not only interface with biological systems but also offer new bio-
chemical-physical properƟes for fundamental studies. Dr. Shi has conducted research 
across diverse fields such as nanoscience, energy materials, biomedical engineering, 
precision medicine, and condensed maƩer physics. His efforts have led to over 300 peer-
reviewed journal publicaƟons, with some of his works appearing in leading journals like 
Nature, Physical Review LeƩers, Advanced Materials, and ACS Nano. 

 

Abstract 

Cancer cells exhibit the "Warburg Effect," where energy producƟon predominantly occurs through anaerobic 
glycolysis, followed by lacƟc acid secreƟon—one of the hallmark metabolic features of cancer. Studies involving 
22 cancer cell lines demonstrate a strong correlaƟon between secreted lacƟc acid and the net negaƟve electrical 
charge on cancer cell surfaces. This charge is closely linked to the cells' glycolyƟc capacity, which is dynamically 
regulated by glucose uptake. The secreƟon of lactate and the resulƟng negaƟve surface charge can be aƩributed 
to the transmembrane movement of mobile ions. In normal cells, ion pumps maintain charge neutrality across 
the plasma membrane. However, in cancer cells, lactate transport across the membrane becomes a key aspect 
of glycolysis. The charges of immobile ions within the cell interact with the abundant Na+ ions in the extracellular 
space, facilitaƟng charge neutralizaƟon. Elevated glycolysis levels lead to increased glucose consumpƟon and 
large lactate secreƟon, generaƟng a net negaƟve surface charge on cancer cells. This ion movement perpetuates 
the disƟnct negaƟve charge paƩern, providing a mechanisƟc link between glycolysis and cancer cell surface 
charge. Understanding this relaƟonship may offer new approaches for the electro-magneƟc capture of 
circulaƟng tumor cells (CTCs) from whole blood, aiding in early cancer diagnosis, prognosis, and potenƟally 
guiding therapeuƟc strategies 
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Bioelectric-dependent intesƟnal regeneraƟon: A Drosophila perspecƟve 

Norbert Perrimon 

Harvard Medical School, HHMI 

Biography: Norbert Perrimon is the James SƟllman Professor of Developmental Biology 
in the Department of GeneƟcs at Harvard Medical School, InvesƟgator of the Howard 
Hughes Medical InsƟtute , and is a geneƟcist known for pioneering a number of 
techniques in Drosophila, as well as specific substanƟve contribuƟons to signal 
transducƟon, developmental biology, and physiology. Among the tools that he has 
developed are: the FLP-FRT Dominant Female Sterile technique to generate germline 
mosaics, the GAL4-UAS method to control gene expression both spaƟally and 
temporally, highthroughput genome wide RNAi and CRISPR screens, and proximity 
labeling methods to idenƟfy secreted molecules. These methods have had 
transformaƟve impacts in signal transducƟon, development, physiology, neurobiology, and funcƟonal genomics. 
Early in his career, he idenƟfied and characterized factors involved in RTK, Wnt, and JAK/STAT signaling, 
contribuƟng to the elucidaƟon of these canonical pathways. Perrimon went on discover intesƟnal stem cells in 
the adult fly gut, opening up an enƟre field of study to idenƟfy factors and pathways involved in stem cell 
homeostasis and regeneraƟon. In more recent years, he has taken a systemaƟc approach to idenƟfy factors 
involved in inter-organ communicaƟon, which are leading to a systems wide understanding of how hormonal 
systems are regulated by the state of various organs in homeostaƟc and stressed condiƟons.  

Abstract: A fundamental and unresolved quesƟon in regeneraƟve biology is how Ɵssues return to homeostasis 
aŌer injury. Answering this quesƟon is essenƟal for understanding the eƟology of chronic disorders such as 
cancer. Drosophila gut invesƟgated this quesƟon, and discovered that during regeneraƟon a subpopulaƟon of 
cholinergic enteric neurons triggers Ca2+ currents among epithelial cells to heal the gut aŌer injury. Specifically, 
we found that down-regulaƟon of the conserved cholinergic enzyme Acetylcholinesterase in the gut epithelium 
enables acetylcholine from specific enteric neurons to acƟvate nicoƟnic receptors in the gut. AcƟvaƟon of 
nicoƟnic receptors triggers high Ca2+ that spreads in the epithelium through gap juncƟons, promoƟng epithelial 
maturaƟon followed by reducƟon of proliferaƟon, inflammaƟon and return to homeostasis. DisrupƟng this 
process causes chronic injury and makes the gut prone to hyperplasia. Altogether, our findings advance the 
current understanding of how a Ɵssue returns to homeostasis aŌer injury by highlighƟng the crucial role of the 
conserved cholinergic pathway in triggering a bioelectric mechanism that heals the gut. IntesƟnal stem cell 
proliferaƟon in Drosophila is regulated by bioelectric regulators (ion channels, exchangers, receptors) such as 
the chloride channel CFTR (CysƟc Fibrosis cysƟc fibrosis transmembrane conductance regulator) whose mutaƟon 
we found to cause gut hyperplasia. Given our discovery that the cholinergic pathway induces a bioelectric-
dependent healing intesƟnal mechanism, we are currently studying how interacƟons of Acetylcholinesterase 
and CFTR impact gut hyperplasia. 

1. Kim, K., Lane, E. A., SaŌien, A., Wang, H., Xu, Y., Wirtz-Peitz, F. and Perrimon, N. (2020) Drosophila as a model 
for studying cysƟc fibrosis pathophysiology of the gastrointesƟnal system. PNAS. 117:10357-10367. 
PMID:32345720 

2. Petsakou, A., Liu, Y., Liu, Y.  Comjean, A. Hu, Y. and Perrimon, N. (2023) Cholinergic neurons trigger epithelial 
Ca2+ currents to heal the gut.  in the intesƟnal epithelium restores homeostasis aŌer injury. Nature. doi: 
10.1038/s41586-023-06627-y. PMID: 37722602  
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Voltage SensiƟve Dye Imaging for IntraoperaƟve Cancer DetecƟon in Surgical Margins 

Dany Spencer Adams 

TuŌs University 

Biography 

Dr. Dany Spencer Adams began her work on Bioelectricity when she joined the lab of Dr. Michael Levin as 
a post-doctoral fellow, soon geƫng her own lab at the Forsyth InsƟtute. She conƟnued this work as a PI in 
the TuŌs Center for RegeneraƟve and Developmental Biology. Together Levin and Adams worked on leŌ-
right paƩerning, cancer, and regeneraƟon.  Dr. Adams discovered the first empirical evidence of a 
bioelectric pre-paƩern in embryos with her “electric frog face” video. She also made the first discovery 
showing that voltage could iniƟate regeneraƟon. As the imaging specialist and voltage dye expert at the 
Center, she had the opportunity to work with Levin and most members of his lab on many projects.  Since 
leaving the Center she has focused on developing and patenƟng a method for using dyes to find cancer in 
surgical margins through her company Lucell DiagnosƟcs. 

Abstract 
Because standard pathological analysis takes many hours, cancer surgeons cannot know if the surgical 
margin is clear unƟl well aŌer surgery is over, leading to unacceptably high rates of posiƟve surgical margins 
(35% in ovarian cancer, 9% on average) and their sequelae, chemotherapy, radiaƟon, immunotherapy, and 
even repeat surgery.  IntraoperaƟve imaging is therefore a criƟcal goal.  A number of researchers have 
suggested that voltage imaging might be useful in cancer detecƟon.  I had successfully used voltage 
reporƟng dyes to show a role for voltage variaƟon in the cancer-relevant process of differenƟaƟon in 
developing frog embryos. I had also demonstrated that voltage changes precede the appearance of tumor-
like structures in frog tadpoles. Working in vitro, I showed that the dye signal from murine cancer cells is a 
different brightness, and shows a different paƩern, from normal cells.  The same was true in a human 
prostate cancer line compared with untransformed prostate cells.  Most recently, I worked with 
dermatologists to try the technique in human Ɵssues.  First, I adapted a protocol for collecƟng cells from 
the margin of excised skin Ɵssues using a touch prep with nitrocellulose (NC) membrane. Samples of 
suspected basal or squamous cell carcinoma were provided by surgeons. Within minutes of excision, cells 
were collected by adherence to the NC membrane then stained first with a  nuclear counterstain, then with 
DiBAC3(4), an anionic dye that would glow brightly in depolarized cancer cells and dimly in normal cells, as 
it had in vitro.  Consistent with the adage that what happens in vitro stays in vitro, the data from adult 
Ɵssues were more complex.  Histograms of pixel intensity showed that cancer cells had significantly more 
of the brightest pixels than normal cells; however, it is clear that computer aided image analysis of 
parameters other than brightness, for example entropy, is going to be criƟcal for gathering more useful 
informaƟon from these images. Because this was expected, the NC membranes, which hold cells in the 
orientaƟon they had in vivo, were fixed for staining using anƟ-cancer anƟbodies to create the ground truth 
for machine learning. These preliminary data are hopeful, but the analysis step needs further work before 
it can be translated. Nonetheless, this technique is simple, inexpensive, and does not require large or 
unusual equipment, or trained personnel, thus it has the potenƟal to reach paƟents around the world, 
including those in underserved, rural ,and less affluent areas.  It has been my hope all along that this 
straighƞorward, “low-hanging fruit” would also help to raise consciousness of the as yet untapped power 
of bioelectricity in medicine evidenced at this meeƟng.     



18 
 

 

Unraveling and Harnessing Bioelectricity Beyond Excitable Cells 

 
Rosalia Moreddu 

University of Southampton, UK 
Biography 

Rosalia Moreddu is a researcher in bioelectricity at the InsƟtute of 
Biomedical Engineering, University of Oxford, UK. She was previously a 
Marie Curie fellow at the Italian InsƟtute of Technology, Italy. She holds a 
PhD in Biomedical Engineering jointly from Imperial College London and 
the University of Birmingham, UK, and a master’s degree in 
Nanotechnology from Polytechnic of Turin, Italy. Her research interests are 
in the field of biointerfaces, biomaterials and nano-devices targeƟng 
cellular bioelectricity for fundamental and applied sciences. 
 
 

Abstract 

Bioelectricity is known to play a key role in regulaƟng and driving crucial life processes at all scales: 
from subcellular structures to cells and cell networks, Ɵssues, and organs. Cellular 
electrophysiology studies and technologies to retrieve electrical informaƟon from cells have 
evolved substanƟally over Ɵme, exploiƟng different materials and techniques to translate these 
electric charges into acƟonable informaƟon in healthcare and drug tesƟng. However, most of the 
studies in the exisƟng literature have been focused on recording acƟon potenƟals and extracellular 
signals in excitable cells, i.e. brain cells and muscle cells. Yet, bioelectric charges and bioelectric 
gradients regulate crucial funcƟons in all exisƟng cells in nature, including homeostasis, cellular 
migraƟon, communicaƟon, proliferaƟon, mutaƟon, geneƟc expression, cancer insurgence and 
progression. Cancer cells are known to exhibit different metabolism and communicaƟon 
mechanisms compared to their healthy counterparts, given by the alteraƟon of ion channel 
funcƟonality, ion channel expression, surface charges, and network signaling. This talk will provide 
an overview of this emerging topic, to then present preliminary results on the dynamic electrical 
acƟvity of cancer cells recorded at different frequency ranges using microelectrodes. These 
findings may contribute to set the basis for further invesƟgaƟons on the emerging role of 
bioelectricity in cancer proliferaƟon and metastasis, as well as the development of precision 
biointerfaces in cancer diagnosƟcs and drug tesƟng. 
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4:00 Panel Discussion: Moving cancer bioelectricity research forward 
 

Linda Zane, NCI SBIR funding and commercializaƟon resources for the development and commercializaƟon of 
cancer technologies” 

 
Eric M Johnson, NCI DCB technology funding 

 
Vish Subramaniam, EMBioSys Inc. Technologies for treatment of MetastaƟc Solid Tumors 

 
Concluding remarks 
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NCI SBIR funding and commercializaƟon resources for the development and commercializaƟon 
of cancer technologies 

Linda ZANE, PhD 
Program Director at the NCI SBIR Development Center 

Biography 
Dr. Linda Zane is a Program Director in the Small Business InnovaƟon Research (SBIR) Development 
Center at the NaƟonal Cancer InsƟtute (NCI). Dr. Zane manages a 
porƞolio of small businesses with a focus on cancer diagnosƟcs, 
therapeuƟcs and novel tools for research and drug discovery. She 
provides guidance to applicants and awardees while also informing them 
of NIH resources to develop stronger applicaƟons and commercializaƟon 
strategy. AddiƟonally, she plays an acƟve role and represents NCI’s SBIR 
Development Center in some NCI and trans-NIH programs including the 
NCI technology interest group, the NCI InnovaƟve Molecular Analysis 
Technologies (IMAT) and the SomaƟc Mosaicism Across Human Tissues 
(SMaHT) Common Fund Programs.  
Prior to coming to SBIR, Dr. Linda Zane was a program director in the Division of Cancer Biology 
where she managed a porƞolio of grants focusing on genomic variaƟon, omics technologies, and 3D 
genome architecture. Before that, she was in the NCI Division of Cancer Treatment and Diagnosis 
(DCTD) where she first acquired some experience in regulatory affairs and technology transfer in the 
Regulatory Affairs Branch at the Cancer Therapy EvaluaƟon Program (CTEP). She gained program 
management experience in the DiagnosƟc Biomarkers and Technology Branch of the Cancer 
Diagnosis Program (CDP), which sƟmulates and supports research to develop new biomarkers, 
diagnosƟc strategies, modeling, innovaƟve technologies, and improved devices.  
Dr. Zane received a Ph.D. in Oncovirology from the University Claude Bernard Lyon I, a M.Sc. in 
Biotechnology Engineering from the University Bordeaux II, and a B.Sc. in Biochemistry from Pierre 
and Marie Curie University Paris VI in France. She completed post-doctoral research in Dr. Kuan-Teh 
Jeang’s lab at NIAID and then in Dr. Tom Misteli’s lab at NCI.  

Abstract  
The NaƟonal Cancer InsƟtute (NCI) Small Business InnovaƟon Research (SBIR) Development Center 
provides $200M in non-diluƟve funding to small businesses each year in support of innovaƟve 
technology development by ~350 companies. Our porƞolio includes therapeuƟcs, diagnosƟcs, and 
digital health technologies. NCI SBIR leverages its awards with private sector fundraising help, has 
a matching fund program leveraging private sector investors, and offers several commercializaƟon 
mentoring and training programs for its awardees. 
Learn about NCI SBIR programs:  

 NIH-wide SBIR and STTR 
 Funding OpportuniƟes for start-ups, academic spinout companies, and early-stage 

academic entrepreneurs (e.g., postdoctoral fellows) 
 Tips for wriƟng compeƟƟve SBIR/STTR grant proposals. 
 CommercializaƟon resources for applicants and awardees 
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NCI Division of Cancer Biology (DCB) funding opportuniƟes  
 

 
Eric Johnson Chavarria 

Program Director at the NCI Division of Cancer Biology (DCB) 
Biophysics, Bioengineering, and ComputaƟonal Sciences Branch  

 
Biography 
Dr. Johnson Chavarria joined DCB in 2021, following a tenure as a 
Program Director in the NCI Center for Cancer Health Equity (CCHE) 
and as a AAAS Science and Technology Fellow.  
Dr. Johnson Chavarria manages a porƞolio of grants focused on 
physical sciences in oncology, technology development, and 
engineering approaches for cancer biology. He has experƟse in the 
biology of the cytoskeleton, protein structure, microfluidics and 
microfabricaƟon, and single molecule technologies. 
Along with managing grants, Dr. Johnson Chavarria is leading the 
division's advocacy iniƟaƟve and is a member of an NCI Equity Council Working Group, NIH QIS and 
Quantum Sensing in Biology Interest Group, and the DCB Data and Porƞolio Analysis Group. 
He is commiƩed to increasing diversity and inclusion while leveraging open innovaƟon approaches 
to foster mulƟdisciplinary collaboraƟons that address health and research challenges. 
  
Research Programs 
Dr. Johnson Chavarria also helps manage a DCB cooperaƟve agreement program and a trans-
agency iniƟaƟve:  
 Physical Sciences - Oncology Network (PS-ON) 
 NSF-NCI SuPporƟng new AReas of Knowledge (SPARK): Cancer as a Living Material – New 

Ideas and New ConnecƟon 
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Technologies for Treatment of MetastaƟc Solid Tumors 

Vish Subramaniam 
The Ohio State University 

and 
EMBioSys Inc. 

Biography  
Dr. Vish Subramaniam is Academy Professor and Professor Emeritus in the 
Department of Mechanical & Aerospace Engineering at The Ohio State University 
(OSU). He was also a Professor in the Chemical Physics Program. He currently serves 
as Chief ScienƟfic Officer at EMBioSys Inc., which he co-Founded in 2022 for 
commercializing induced electric field (iEF) therapy for metastaƟc solid tumors. His 
research interests in bioelectricity range from cancer biology, wound healing, to 
treatment of anƟbioƟc-resistant bacterial biofilms. Dr. Subramaniam received his B.S. 
(specializaƟon in applied physics) and M.S. degrees in Mechanical Engineering from Columbia University and 
his Ph.D. in Mechanical Engineering from Carnegie-Mellon University. He was a tenured faculty member from 
1988-2021 at OSU, where he and his collaborators discovered and developed iEF therapy. He conƟnues to 
acƟvely collaborate with researchers and clinicians at OSU and other insƟtuƟons.  
Abstract  
The interacƟon of electromagneƟc fields with Ɵssues and cells has been explored over the past several decades 
mostly from the vantage point of adverse health effects, largely related to power lines. However, use of electric 
fields with or without accompanying electric currents for the treatment of solid tumors is gaining tracƟon and 
several approaches are in various stages of translaƟon to the clinic. The most commercially developed product 
for treatment of solid tumors is Novocure’s tumor treaƟng fields (TTFs), approved for glioblastoma and 
mesothelioma. There are other technologies such as pulsed electric field (PEF) treatment and posiƟve 
electrostaƟc charge therapy (PECT) that are in various stages of development. A common factor with all these 
techniques is that they require contact of electrodes with the skin. In contrast, induced electric field (iEF) 
therapy is contact-free, requires no electrodes, and is non-invasive. Induced electric fields (iEFs) on the order 
of μV/cm-mV/cm can be produced by Ɵme-varying magneƟc inducƟons of order nT-μT. These iEFs have 
significant and selecƟve biologic effects on triple negaƟve breast cancer (TNBC) cells in vitro and tumors and 
pulmonary metastasis in vivo. MDA-MB-231 cells subjected to combinaƟon treatment of iEF and standard of 
care (SOC) chemotherapies for TNBC (capecitabine, paclitaxel), show significant reducƟon of IC50 values (from 
1.11 mM to 0.68 mM for capecitabine+iEF and from 13.1 nM to 5.8 nM for paclitaxel+iEF), indicaƟng increased 
potency of the two chemotherapeuƟc agents each in the presence of iEF. Combining a pharmacologic 
approach (cytotoxic chemotherapy) with a non-pharmacologic treatment (iEF therapy) that specifically targets 
metastasis, could be a powerful and effecƟve tool in an oncologist’s arsenal to treat TNBC and other solid 
malignancies. This talk will briefly discuss exisƟng technologies but focus more in iEF therapy. 
Dr. Subramaniam also discusses challenges faced from an applicant’s perspecƟve, especially as a startup 
trying to commercialize/translate a novel bioelectrical therapy for cancer treatment 


