Development of Bioelectronic Scaffolds for Hybrid Brain Tissue
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Bioelectric sensors are a popular tool for quickly assessing cellular
physiologic status, metabolic changes, and recording real-time
electrophysiology of active tissue. The Timko Lab has previously
designed a flexible 3D bioelectronic scaffold multielectrode array
(BioES) meant to be embedded with neural cells. When embedded
within the hybrid engineered tissue scaffolds, these bioelectronic
devices could provide stable, long-term readouts of tissue function. Our
research aims to develop and characterize the hybrid tissue scaffold
environment and confirm the biocompatibility with the bioelectronic
device. This type of integration has not previously been achieved and
could open a new range of possibilities for the field of bioengineering.
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In our development of hybrid brain tissues, we encountered many
obstacles, including the cleanroom used to fabricate the BioES being
down for several months. Nonetheless, we made strides to prepare
others to take on this project. Both the BioES device and brain were
well-established components, but we found that the protocols needed to
be optimized to fit this project's unique needs. As a result, we focused on
optimizing procedures for the device as well as methods for
characterizing our brain organoids. Making strides towards Aim 1.1 and
1.3 we were able to fabricate the passivation layer with SU-8. We also
were able to successfully make the brain models and characterize their
network formation using Beta III Tubulin stains and calculate relative
network density.

Future Work

Based on our progress so far in the project, there are several future
directions that could be pursued in this field. Below are some possible
routes:

1. Test and optimize the calcium AM assay to quantify the
spontaneous firing.
2. Develop more efficient fabrication protocols for the
BioES.
1. Design liftoff protocols for single layer
liftoff.
2. Optimize thermal evaporator nickel
deposition for a more even nickel layer
3. Test out Sterilization protocols
4. Evaluate Transfer protocols.

3. Integrate the BioES and Brain Scaffolds; ensuring the
scaffolds and devices are biocompatible.

1. Conduct live-dead assays as well as
confocal studies to show neurons local to
the SUS.

2. Conduct Beta Tublin Assays to compare
neuron density before and after.

3. After integration, identify the neuron firing
behavior sign calcium fluorescence assays
after creating the protocol.

4. Analyze the action potentials of the
neurons
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