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The large-scale differentiation of human iPSCs (hIPSCs) to specific neuronal cell types
provides a highly relevant cell model system that allows us to model human physiology
in a dish. This technology may ease some the challenges in CNS drug discovery by
providing better representation of mechanisms that occur in vivo and ultimately the
application may decrease the attrition rates in drug discovery. In order to properly
interrogate a model of the CNS, it is important that neural electrical activity can be
measured with appropriate resolution. Micro-electrode array (MEA) systems provide a
non-invasive and label-free means to assess electrophysiological activity from
thousands of neurons in the same culture over time. Here we demonstrate the
applicability of Maxwell Biosystem’s MaxOne High-Density MEA to perform electrical
recordings of different cell types and to model disease. MaxOne is a CMOS-based high-
density microelectrode array (HD-MEA) system with 26,400 electrodes covering an 8
square mm sensor area. Our investigations focused on the motor neuron disease
Amyotrophic lateral sclerosis (ALS), which causes the loss of motor neurons and early
synaptic pathophysiology. Using the MaxOne to assess functional activity and network
connectivity, we characterized the phenotypic consequences of a well-established
mutation present in ALS patient iPSC-derived motor neurons. Lastly, we have shown the
applicability of this technique to cortical neurons as well.

Cell Culture:
Human iPSC-derived neurons, including control Motor Neurons (BrainXell, BX-0100),
ALS Motor Neurons derived from an ALS-SOD1-D90A iPSC line, and control Cortical
Glutamatergic neurons (BrainXell, BX-0300), were seeded onto MaxOne chips, which
were previously coated with poly-D-lysine. Chips were cultured for 1 week in
DMEM/F12 and Neurobasal Medium (Life Technologies) and then switched to BrainPhys
Medium (STEMCELL Technologies). Neuronal activity was assessed from day 10 to day
16 following thawing and seeding of neurons.

Recording:
Measurements of neuronal activity were performed
on a MaxOne HD-MEA housed within the cell culture
incubator. For each chip, recording began with an
Activity Scan Assay (Sparse 7X), followed by a Network
Assay. The Network Assay consisted of a 3 minute
recording from 1,024 electrodes, which were
configured using Feature Maximization for Firing Rate
based on the Activity Scan Assay.

HD-MEA Reveals Functional Differences Between Normal and ALS Motor Neurons

Detailed Characterization of Functional Activity of Cortical Glutamatergic Neurons by HD-MEA

Conclusions

1. SOD1-D90A motor neurons exhibit increased mean firing rate and network activity.

2. hiPSC-derived motor neurons exhibit notable burst propagation across 2-D cultures.

3. Single neuron axon tracking allows analysis of axonal action potential propagation 
and reveals conduction velocities ranging between 0.4 m/s to 0.6 m/s for motor 
neuron and cortical glutamatergic neuron mono-cultures.

4. The high density MaxOne system allows functional analysis of various types of hiPSC-
derived neurons, including motor neurons and cortical glutamatergic neurons.
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