
 

Mapping functional connectivity in 3-D
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A Schematic illustrations showing three 2D
multifunctional MEAs before stacking and bonding (left),
assembled 3D high-density multifunctional MEA with a
PDMS fluidic interface and the multifunctional shank for
optical and chemical stimulations (middle), and the
application to 3D neural network model in vitro
compartmentalized with two somatic and neurite regions
(right). Credit: Korea Institute of Science and
Technology(KIST)

The human brain is less accessible than other
organs because it is covered by a thick, hard skull.
As a result, researchers have been limited to low-
resolution imaging or analysis of brain signals
measured outside the skull. This has proved to be
a major hindrance in brain research, including
research on developmental stages, causes of
diseases, and their treatments. Recently, studies
have been performed using primary neurons from
rats or human-derived induced pluripotent stem
cells (iPSCs) to create artificial brain models that
have been applied to investigate brain
developmental processes and the causes of brain
diseases. These studies are expected to play a
key role to unlocking the mysteries of the brain. 

In the past, artificial brain models were created and
studied in 2D; however, in 2017, a research team
from KIST developed a 3D artificial brain model
that more closely resembled the real brain.
Unfortunately, due to the absence of an analytical

framework for studying signals in a 3D brain model,
studies were limited to analyses of surface signals
or had to reform the 3D structure to a flat shape. As
such, tracking neural signals in a complex,
interconnected artificial network remained a
challenge.

The Korea Institute of Science and Technology
(KIST) announced that the research teams of
Doctors Il-Joo Cho and Nakwon Choi have
developed a analysis system that can apply precise
non-destructive stimuli to a 3D artificial neural
circuit and measure neural signals in real-time from
multiple locations inside the model at the cellular
level.

The 3D multifunctional system for measuring neural
signals is in the form of a 50?m-wide needel
shaped silicon probe array (about half the width of
a human hair) integrated with 63 microelectrodes.
When this system is inserted in the artificial brain
model, it is capable of simultaneously measuring
signals from multiple locations inside the neural
circuit. The probe contains an optical fiber and drug-
delivery channels, enabling precise stimulation of
neurons using light or drugs. By measuring
functional changes in the brain model in response
to these stimuli, the model can be used to study
brain function and brain diseases.
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A researcher of KIST is looking at a three-dimensional
multifunctional electrode chip developed by Dr. Il-Joo
Cho and Dr. Nakwon Choi Credit: Korea Institute of
Science and Technology(KIST)

Using this system to stimulate neural circuits in the
artificial brain model optically and simultaneously
measure the spread of the response signal in
multiple locations, the research team demonstrated
that the propagation speed of neural signals were
different according to directions inside the 3D brain
modeln. In addition to structural brain maps, which
can be constructed using electron microscopy, this
study demonstrated the possibility of constructing
3D functional brain maps that show how different
circuits are functionally connected within complex
artificial brain networks.

Dr. Choi, from KIST, stated that, "The newly
developed system allows us to study various
developmental brain disorders and the causes of
and treatments for brain diseases." Co-PI Dr. Cho
added, "This system enables functional
measurements from 3D artificial brain models,
which was previously impossible. We expect that
the development of this system will help to radically
reduce the time required to develop drug or
treatments for various brain diseases." 

  More information: Hyogeun Shin et al, 3D high-
density microelectrode array with optical stimulation
and drug delivery for investigating neural circuit
dynamics, Nature Communications (2021). DOI:
10.1038/s41467-020-20763-3
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