An electrical impedance sensor for cell migration and seeding on thin fiber electrodes in 3D fibrin gels

Introduction

The study of interactions between cells and their surroundings is a widening area of research. A cell in both a single cell and a multicellular organism will uniquely interact with its environment. By studying the dynamics of cell migration, we can gain insight to the microscopic cell world.  A better understanding of cell migration may help us to improve the basis of treatment for some cancers.  The ability of a cancerous cell to move and interact with its surroundings is an ongoing area of research. Specific cell functions such as myelination, or the insulation of nerve axons in the peripheral nervous system (PNS) by Schwann cells, present a good opportunity to study cell migration.  Diseases such as multiple sclerosis can be better understood if the process of myelination, and triggers for its degradation, are fully understood.  In-vitro studies of cell migration have typically relied on light microscope techniques. New quantitative techniques are required to better understand cell migration and mechanics. 


Interactions between cells and fiber electrodes provide a novel way of observing cellular migration. Gold fibers, which are electrically low in resistance, can be used as electrodes in a cell suspension. Gold fibers that are thin enough (ca. 3-12 microns) may mimic at least the physical shape of axons, and thus Schwann cells might be tricked into thinking these gold fibers are in fact axons to which they would normally migrate.  As cells migrate to and interact with the gold wire, the electrical properties of the wire will change.  Schwann cells attached to the wire serve as insulators, thus increasing the impedance of an electrical circuit that includes the wire, culture media, and a counter electrode.  In order to create a model in-vitro environment for cellular observation, fibrin gels will be employed to create a 3D, nanofiber matrix.  A system composed of fibrin and gold fibers might allow migration observations to be made. Creating a fibrin matrix allows us to mimic the lifelike 3D scaffolding in a cell. 


Cultures of Schwann cells on a fibrin scaffold offer a model for possible clinical applications. Implementation of a restorative technique involving the use of these cultures might be possible. Studies of interactions between fibrin/Schwann cultures and agarose gel allows for an in vitro simulation of a restorative neurosurgical technique. 

Materials and Methods

Assembly of the device will be to specs per G.W. et al. (unpublished). The gold wire assembly can be fabricated by placing several wires in the order of 10 microns in diameter across two thin strips of polystyrene spaced about 1 cm apart. Wires will be spot melted into place using a soldering iron.  Insulated 30 gauge electrical wire will be placed on the ends of the exposed gold wires by soldering using low temperature bismuth alloy solder. The two ends of the wire will then covered in paraffin wax to ensure that only naked gold fiber is exposed to the culture media and gel.  This apparatus will be immersed in a dish containing a standard cell buffer containing commercially available fibrinogen, a precursor to fibrin formation.  This setup can then be seeded with a mixture of Schwann cells harvested from rat pups, fibrinogen and thrombin, the latter activating the formation of fibrin.  An apparatus to measure impedance and apply an AC current will be fashioned to the gold wires. Statistical analysis of cell location and impedance analysis will be used to determine the success of seeding. Several sections of the plate will be analyzed for cell count; these will be compared to sections containing the gold wire. Impedance will also be measured during the duration of the seeding process. 


The study of Schwann/fibrin cultures in vitro will use a 'brain box' device developed jointly by researchers at VCU and UVA. This device is composed of an agarose gel whose composition affords physical properties similar to that of brain tissue. Scaffoldings seeded with cells will be studied in a 0.6wt% agarose gel.


Results/Expectations

If successful, this project will truly open many other areas of study. It is my hope that there will be a strong correlation between cell migration, impedance, and cell aggregation on the gold wires. One pitfall I feel we may encounter is reliably determining specific cell migration based on impedance values.  Optimization of electrode placement and cell concentrations will also require much time. I hope preliminary data will be available in two to three weeks. Hopefully after that, the foundation of other areas of study will be set. 
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