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Electric fields for the detection, characterization, and treatment of
subcellular contributors to cancer progression

Josie L. Duncan

(ABSTRACT)

Cancer is the second leading cause of death in the United States. While incredible strides

towards effective treatments have been made, the evolution of malignant cells is outpacing

our knowledge of them. Insight into the cell interior will better our understanding of the in-

ternal components that drive metastasis, promote immune evasion, and maintain resistance

to therapeutics. Clinically, however, identifying these highly-specific subpopulations from

a heterogeneous sample can be challenging and fail to uphold sample viability for

treatment planning towards precision medicine. Here, we use high-frequency dielectrophore-

sis, a label-free electrokinetic technique, to detect cells with genetic mutations ubiquitous

among solid tumors by capitalizing on the bioelectric signature of these cells. Beyond ma-

nipulation as a result of varying internal electrical properties, electric fields were also applied

for treatment of aggravated pancreatic cancer cells . Recent studies have shown that

microbe infection of cancer cells might lead to proliferation and migration. Here, we use elec-

troporation to mitigate the effects of the infection and enhance the delivery of antibiotics

to intracellular bacteria for phenotype reversal. Throughout this dissertation, we probe and

exploit the electrical properties of these malignant subpopulations with intrinsic differences

for detection, characterization and treatment.



Electric fields for the detection, characterization, and treatment of
subcellular contributors to cancer progression

Josie L. Duncan

(GENERAL AUDIENCE ABSTRACT)

Over 1.9 million new cases of cancer will pop up just this year alone. The prevalence of

cancer, however, has not been met with the same magnitude of effective treatments, resulting

in over 600,000 deaths in the United States. Before current treatments can be improved and

new treatments can be developed, it is critical that we increase our understanding of what

drives cancer to be so aggressive and maintain a fighting chance within the body despite our

complex immune systems. The severity of cancer is not just a product of the cancer cell itself,

but rather the components that make up the cell that define and drive metastatic behaviors

and drug resistance. In order to improve diagnoses, prognoses, and treatment planning, the

intracellular drivers of the disease must be better understood. Cells, electrical circuits in

nature, reflect unique electrical properties dictated by their biophysical composition. These

electrical properties can be revealed and exploited to characterize and treat contributors to

disease progression. Using electric fields applied in several modalities, this work explores the

electrical entities of malignant cell types towards improving treatment planning and

developing a treatment modality cognizant of subcellular drivers. This dissertation details

the use of dielectrophoresis and electroporation to detect and treat intracellular changes

associated with poor prognosis.
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�T�2�`�K�B�i�i�B�p�B�i�v�X �h�?���i �B�b�- �B�7 �+�2�H�H�b �/�B�7�7�2�` �B�M �K�2�K�#�`���M�2 �+���T���+�B�i�v ���M�/�f�Q�` �+�v�i�Q�T�H���b�K�B�+ �+�Q�M�/�m�+�i�B�p�B�i�v

���i �H�Q�r �7�`�2�[�m�2�M�+�B�2�b�- �Q�` �B�M�i�`���+�2�H�H�m�H���` �T�`�Q�T�2�`�i�B�2�b �b�m�+�? ���b �M�m�+�H�2���` �K�2�K�#�`���M�2 �+���T���+�B�i���M�+�2 �Q�` �M�m�@

�+�H�2�Q�T�H���b�K �+�Q�M�/�m�+�i�B�p�B�i�v ���i �?�B�;�? �7�`�2�[�m�2�M�+�B�2�b�- �Q�M�2 �+�2�H�H �K�B�;�?�i �2�t�T�2�`�B�2�M�+�2 �T�.�1�S �r�?�B�H�2 �� �b�B�K�B�H���`

�+�2�H�H �r�B�i�? �p���`�v�B�M�; �T�`�Q�T�2�`�i�B�2�b �r�B�H�H �2�t�T�2�`�B�2�M�+�2 �M�.�1�S ���H�H�Q�r�B�M�; �7�Q�` �b�2�T���`���i�B�Q�M ���b �� �`�2�b�m�H�i �Q�7 �#�B�Q�@

�2�H�2�+�i�`�B�+ �b�B�;�M���i�m�`�2�b�X �"�2�+���m�b�2 �i�?�2 �T���`�i�B�+�H�2 �B�b �b�m�b�T�2�M�/�2�/ �B�M ���[�m�2�Q�m�b �7�H�m�B�/�- �i�?�2 �.�1�S �7�Q�`�+�2 ���+�i�B�M�;

�Q�M �i�?�2 �+�2�H�H �B�b �+�Q�m�M�i�2�`���+�i�2�/ �#�v �i�?�2 �/�`���; �7�Q�`�+�2 ���b �i�?�2 �T���`�i�B�+�H�2 �K�Q�p�2�b �i�?�`�Q�m�;�? �i�?�2 �b�Q�H�m�i�B�Q�M�X �h�?�B�b

�/�`���; �7�Q�`�+�2FD �B�b �/�2�7�B�M�2�/ �#�v �a�i�Q�F�2�b �H���r�,

FD = 6�r�v �U�k�X�9�V

�r�?�2�`�2r �B�b �i�?�2 �`���/�B�m�b �Q�7 �i�?�2 �+�2�H�H�-� �B�b �i�?�2 �/�v�M���K�B�+ �p�B�b�+�Q�b�B�i�v�- ���M�/v �B�b �i�?�2 �p�2�H�Q�+�B�i�v �Q�7 �i�?�2 �+�2�H�H�X

�� �+�2�H�H �2�t�T�2�`�B�2�M�+�B�M�; �T�Q�b�B�i�B�p�2 �.�1�S �r�B�H�H �ô�i�`���T�ô �r�?�2�M �i�?�2 �.�1�S �7�Q�`�+�2 �Q�p�2�` �+�Q�K�2�b �i�?�2 �/�`���; �7�Q�`�+�2�X

�q�?�2�M �i�?�2 �K�2�/�B�� �Q�7 �i�?�2 �b�Q�H�m�i�B�Q�M �B�b ���H�b�Q �K�Q�p�B�M�;�- �i�?�2 �p�2�H�Q�+�B�i�v �Q�7 �i�?�2 �T���`�i�B�+�H�2 �B�b �`�2�H���i�B�p�2 ���M�/
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�6�B�;�m�`�2 �k�X�R�, �a�+�?�2�K���i�B�+ �Q�7 ���V �T�.�1�S ���M�/ �M�.�1�S�- �#�V �2�_�P�h�- ���M�/ �+�V �`�2�T�`�2�b�2�M�i���i�B�p�2 �7�`�2�[�m�2�M�+�v
�/�2�T�2�M�/�2�M�i �*�H���m�b�B�m�b�@�J�Q�b�b�Q�i�i�B �+�m�`�p�2 �7�Q�` �#���+�i�2�`�B���- �+���M�+�2�` �+�2�H�H�- ���M�/ �#�H�Q�Q�/ �+�2�H�H ���i �� �K�2�/�B�� �+�Q�M�@
�/�m�+�i�B�p�B�i�v �Q�7 �R�k�y� �a�f�+�K �(�9�9�)

�i�?�2 �/�`���; �7�Q�`�+�2 �B�b �/�2�7�B�M�2�/ ���b�,

FD = 6�r� (vp � vm ) �U�k�X�8�V

�r�?�2�`�2v �B�b �i�?�2 �p�2�H�Q�+�B�i�v �Q�7 �i�?�2 �+�2�H�H ���M�/p ���M�/m �`�2�T�`�2�b�2�M�i �i�?�2 �T���`�i�B�+�H�2 �Q�` �K�2�/�B���- �`�2�b�T�2�+�i�B�p�2�H�v�X

�q�?�B�H�2 �i�?�2�`�2 ���`�2 �� �p���`�B�2�i�v �Q�7 �K�2�i�?�Q�/�b �i�Q �B�M�/�m�+�2 �/�B�2�H�2�+�i�`�Q�T�?�Q�`�2�i�B�+ �7�Q�`�+�2�b �Q�M �#�B�Q�T���`�i�B�+�H�2�b �B�M

�� �K�B�+�`�Q�7�H�m�B�/�B�+ �/�2�p�B�+�2�- �i�?�2 �K���B�M �i�v�T�2�b �Q�7 �/�B�2�H�2�+�i�`�Q�T�?�Q�`�2�i�B�+ �/�2�p�B�+�2�b ���`�2 �2�H�2�+�i�`�Q�/�2�@�#���b�2�/ �.�1�S

�U�2�.�1�S�V�- �B�M�b�m�H���i�Q�`�@�#���b�2�/ �.�1�S �U�B�.�1�S�V�- ���M�/ �2�H�2�+�i�`�Q�`�Q�i���i�B�Q�M �U�2�_�P�h�V�X �2�.�1�S �/�2�p�B�+�2�b �i�v�T�B�+���H�H�v

�+�Q�M�i���B�M �T�H���M���` �Q�` �j�. �2�H�2�+�i�`�Q�/�2�b �K���/�2 �Q�7 �� �+�Q�M�/�m�+�i�B�p�2 �K���i�2�`�B���H �b�m�+�? ���b �T�`�2�+�B�Q�m�b �K�2�i���H�b �H�B�F�2
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�;�Q�H�/ �Q�` �T�H���i�B�M�m�K�X �h�?�B�b �i�v�T�2 �Q�7 �.�1�S �B�b ���H�b�Q �F�M�Q�r�M ���b �+�Q�M�p�2�M�i�B�Q�M���H �.�1�S�X �P�7�i�2�M�- �i�?�2�b�2 �2�H�2�+�@

�i�`�Q�/�2�b ���`�2 �7���#�`�B�+���i�2�/ �B�M ���M �B�M�i�2�`�/�B�;�B�i���i�2�/ �2�H�2�+�i�`�Q�/�2 ���`�`���v �U�A�.�1�V ���H�H�Q�r�B�M�; �M�Q�M�@�m�M�B�7�Q�`�K�B�i�B�2�b

�B�M �i�?�2 �7�B�2�H�/ �i�Q �+�Q�M�+�2�M�i�`���i�2 �#�2�i�r�2�2�M �i�?�2 �2�H�2�+�i�`�Q�/�2 �7�B�M�;�2�`�b�X �.�2�p�B�+�2 �2�p�Q�H�m�i�B�Q�M ���M�/ ���T�T�H�B�+���i�B�Q�M

�b�T�2�+�B�7�B�+ �i�Q �2�.�1�S �i�2�+�?�M�Q�H�Q�;�v �+���M �#�2 �7�Q�m�M�/ �B�M �Q�i�?�2�` �r�Q�`�F�b �(�R�9�3�-�k�y�e�-�k�R�k�)�X �B�.�1�S �m�b�2�b �+�Q�M�@

�/�m�+�i�B�p�2 �2�H�2�+�i�`�Q�/�2�b �i�Q �+�`�2���i�2 �� �m�M�B�7�Q�`�K �2�H�2�+�i�`�B�+ �7�B�2�H�/ ���+�`�Q�b�b �� �K�B�+�`�Q�7�H�m�B�/�B�+ �+�?���M�M�2�H �+�Q�M�i���B�M�B�M�;

�B�M�b�m�H���i�B�M�; �b�i�`�m�+�i�m�`�2�b�- �Q�7�i�2�M �T�Q�b�i�b�- �i�Q �B�M�/�m�+�2 ���`�2���b �Q�7 �?�B�;�?�@�7�B�2�H�/ �;�`���/�B�2�M�i�X �A�i �B�b �B�K�T�Q�`�i���M�i �i�Q

�M�Q�i�2 �i�?���i �`�2�+�2�M�i�H�v �B�i �r���b �/�B�b�+�Q�p�2�`�2�/ �i�?���i �i�?�2 �B�M�/�m�+�2�/ �K�Q�i�B�Q�M �Q�7 �� �T���`�i�B�+�H�2 �#�v �B�.�1�S �;�2�M�2�`�@

���i�2�/ �7�`�Q�K �� �.�* �b�B�;�M���H �U�.�*�@�B�.�1�S�V �B�b �T�`�2�/�Q�K�B�M���M�i�H�v �� �`�2�b�m�H�i �Q�7 �b�2�+�Q�M�/�@�Q�`�/�2�` �2�H�2�+�i�`�Q�T�?�Q�`�2�b�B�b

�Q�M �i�?�2 �T���`�i�B�+�H�2�- �`���i�?�2�` �i�?���M �/�B�2�H�2�+�i�`�Q�T�?�Q�`�2�b�B�b �(�N�-�k�3�)�X �o���`�B�Q�m�b �`�2�+�2�M�i ���T�T�H�B�+���i�B�Q�M�b �Q�7 �B�.�1�S

�?���p�2 �#�2�2�M �?�B�;�?�H�B�;�?�i�2�/ �B�M �Q�i�?�2�` �r�Q�`�F�b �(�R�3�- �R�R�R�)�X �2�_�P�h �B�b �� �b�B�M�;�H�2�@�+�2�H�H ���M���H�v�b�B�b �i�2�+�?�M�B�[�m�2

�i�?���i �2�K�T�H�Q�v�b �[�m���/�`�m�T�Q�H�2 �2�H�2�+�i�`�Q�/�2�b �2�M�2�`�;�B�x�2�/ �#�v �7�Q�m�` �Q�m�i�@�Q�7�@�T�?���b�2 �b�B�M�m�b�Q�B�/���H �b�B�;�M���H�b �i�?���i

�+���m�b�2 �i�?�2 �+�2�H�H �Q�7 �B�M�i�2�`�2�b�i �i�Q �`�Q�i���i�2 �U�6�B�;�m�`�2�k�X�R�#�V�X �h�?�2 �`�Q�i���i�B�Q�M �b�T�2�2�/ �+���M �i�?�2�M �#�2 �m�b�2�/ �i�Q

�+���H�+�m�H���i�2 �i�?�2 �2�H�2�+�i�`�B�+���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �+�2�H�H �b�m�+�? ���b �+�v�i�Q�T�H���b�K �+�Q�M�/�m�+�i�B�p�B�i�v ���M�/ �K�2�K�#�`���M�2

�+���T���+�B�i���M�+�2 �7�Q�` �+�?���`���+�i�2�`�B�x���i�B�Q�M �T�m�`�T�Q�b�2�b�X �2�_�P�h �B�b �T���`�i�B�+�m�H���`�H�v �m�b�2�7�m�H �B�M �H�Q�r�@�i�?�`�Q�m�;�?�T�m�i �+�2�H�H

�+�?���`���+�i�2�`�B�x���i�B�Q�M�- �r�?�B�H�2 �b�2�T���`���i�B�Q�M �2�t�T�2�`�B�K�2�M�i�b �Q�7�i�2�M ���`�2 �Q�T�2�`���i�2�/ �m�M�/�2�` �7�H�Q�r �+�Q�M�/�B�i�B�Q�M�b �i�Q

�#���H���M�+�2 �i�?�2 �.�1�S �7�Q�`�+�2 ���M�/ �i�?�2 �b�2�/�B�K�2�M�i���`�v �7�Q�`�+�2�- ���H�b�Q �F�M�Q�r�M ���b �.�1�S �7�B�2�H�/�@�7�H�Q�r �7�`���+�i�B�Q�M���i�B�Q�M

�U�.�1�S�@�6�6�6�V�X �a�B�K�B�H���`�H�v�- �B�b�Q�/�B�2�H�2�+�i�`�B�+ �b�2�T���`���i�B�Q�M �U�A�.�a�V �B�b �Q�7�i�2�M �m�b�2�/ �i�Q �+���T�B�i���H�B�x�2 �b�Q�H�2�H�v �Q�M �i�?�2

�/�B�2�H�2�+�i�`�B�+ �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �K�2�K�#�`���M�2 �+���T���+�B�i���M�+�2 ���M�/ �+�v�i�Q�T�H���b�K�B�+ �+�Q�M�/�m�+�i�B�p�B�i�v �B�`�`�2�b�T�2�+�i�B�p�2

�Q�7 �b�B�x�2 �Q�` �/�2�M�b�B�i�v�- �#�v �B�M�/�m�+�B�M�; �7�H�Q�r �Q�7 �� �;�`���/�B�2�M�i �Q�7 �K�2�/�B�� �B�M�+�`�2���b�B�M�; �B�M �+�Q�M�/�m�+�i�B�p�B�i�v �Q�p�2�`

�T�H���M���` �2�H�2�+�i�`�Q�/�2�b �i�`���p�2�`�b�B�M�; �i�?�2 �;�`���/�B�2�M�i ���i ���M ���M�;�H�2�X �q�?�2�M �� �T���`�i�B�+�H�2 �`�2���+�?�2�b �/�B�2�H�2�+�i�`�B�+

�2�[�m�B�H�B�#�`�B�m�K ���i �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �K�2�/�B�� �+�Q�M�/�m�+�i�B�p�B�i�v�- �i�?�2 �+�2�H�H�b �2�t�B�i �i�?�2 �T�H���M���` �2�H�2�+�i�`�Q�/�2�b ���M�/

�+�Q�M�i�B�M�m�2 �7�H�Q�r�B�M�; �/�Q�r�M�b�i�`�2���K�X �h�?�2 �H�Q�+���i�B�Q�M �r�?�2�`�2 �i�?�2 �T���`�i�B�+�H�2 �`�2���+�?�2�b �2�[�m�B�H�B�#�`�B�m�K ���M�/ �2�t�B�i�b

�i�?�2 ���`�`���v �B�b �i�?�2 �B�b�Q�/�B�2�H�2�+�i�`�B�+ �T�Q�b�B�i�B�Q�M �U�A�.�S�V�- �� �K�2�i�`�B�+ �m�b�2�7�m�H �7�Q�` �[�m���M�i�B�7�B�+���i�B�Q�M �Q�7 �i�?�B�b �K�2�i�?�Q�/�X

�q�?�B�H�2 �i�?�B�b �`�2�p�B�2�r �r�B�H�H �?�B�;�?�H�B�;�?�i �+�2�`�i���B�M ���T�T�H�B�+���i�B�Q�M�b �Q�7 �2�_�P�h�- �i�?�2 �b�+�Q�T�2 �Q�7 �i�?�B�b �`�2�p�B�2�r �r�B�H�H

�#�2 �H�B�K�B�i�2�/ �i�Q �i�?�2 ���7�Q�`�2�K�2�M�i�B�Q�M�2�/ �K�2�i�?�Q�/�b �Q�7 �.�1�S �m�b�2�/ �7�Q�` �?�B�;�?�2�`�@�i�?�`�Q�m�;�?�T�m�i �+�2�H�H ���M���H�v�b�B�b

�i�`���M�b�H���i���#�H�2 �i�Q �i�?�2 �+�Q�K�K�2�`�+�B���H �K���`�F�2�i�X
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�k�X�k ���T�T�H�B�+���i�B�Q�M�b

�>�2�`�2 �r�2 �T�`�2�b�2�M�i �� �p���`�B�2�i�v �Q�7 �#�B�Q�K�2�/�B�+���H ���T�T�H�B�+���i�B�Q�M�b �i�?���i �?�B�;�?�H�B�;�?�i �i�?�2 �b�2�M�b�B�i�B�p�B�i�v �Q�7 �/�B�@

�2�H�2�+�i�`�Q�T�?�Q�`�2�b�B�b �7�Q�` �+�?���`���+�i�2�`�B�x���i�B�Q�M ���M�/�f�Q�` �b�2�T���`���i�B�Q�M �Q�7 �b�B�K�B�H���` �+�2�H�H �b�m�#�T�Q�T�m�H���i�B�Q�M�b �b�m�+�? ���b

�b�i�2�K �+�2�H�H�b�- �+���M�+�2�` �+�2�H�H�b�- �#�H�Q�Q�/ �+�2�H�H�b�- ���M�/ �#���+�i�2�`�B���X �6�B�;�m�`�2�k�X�k�b�?�Q�r�b �`�2�T�`�2�b�2�M�i���i�B�p�2 �2�H�2�+�i�`�Q�/�2

�+�Q�M�7�B�;�m�`���i�B�Q�M�b �+�Q�K�K�Q�M�H�v �m�b�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; ���T�T�H�B�+���i�B�Q�M�b�X
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