Next-Generation Electrophysiology For Functional WeLL
Characterization Of Human Neural Organoids and BIOSYSTEMS

Assembloids

Silvia Oldani, Elvira Guella, Simon Sennhauser, Laura D’lgnazio, Praveena Manogaran, Marie Engelene Obien

MaxWell Biosystems AG, Zurich, Switzerland

< Introduction

* Human induced pluripotent stem cell (hiPSC)-derived brain organoids are artificially grown,
self-organized 3D model systems replicating key features of specific regions of the CNS. These
models have become essential for investigating neurological disorders such as epilepsy,
Alzheimer’s or Parkinson’s disease.

* Real-time, label-free measurement of electrical activity in organoids provides valuable
insights into the functional complexity of their neuronal networks.

* High-density microelectrode array (HD-MEA) platforms (MaxWell Biosystems AG,
Switzerland) were used to record extracellular activity in neural organoids and assembloids at
network, single-cell, and subcellular levels.

* Next to acute electrical recordings, longitudinal studies were performed for long-term in-
vitro disease modeling and compound testing.

s Customized HD-MEA recordings
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Figure 2. Optimized recording quality through flexible electrode configurations. The MaxLab Live
Software provides a wide range of different electrode configurations. Thanks to the flexible selection of
recording electrodes and the overlay of background images (left) or spike amplitude maps (right), high-
density recordings can be tailored to experimental needs.

¢ Functional characterization of diverse
neural organoids

High-resolution activity maps from MaxWell Biosystems’ HD-MEA platforms reveal distinct
neuronal activity across different organoid types.
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Figure 3. High-density recordings are crucial for capturing neuronal activity differences between and
within various organoid types. Spike Amplitude Activity Maps of different neural organoids.

o Drug-induced changes in neural organoid
activity

MaxWell Biosystems’ HD-MEAs reduce variability across wells, enabling precise
monitoring of compound effects. AP5 & CNQX inhibit spontaneous excitatory activity,
while Bicuculline increases synchrony and reduces network burst duration in organoids.
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Figure 6. Pharmacological modulation of network bursts in ventral forebrain organoids. Raster and
network activity plots show baseline and post-treatment effects of AP5 & CNQX or Bicuculline.

¢ Get in touch with us!

Book a call Join our social media Visit our website
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 MaxWell Biosystems” HD-MEA technology

MaxWell Biosystems’ HD-MEA platforms offer high spatial resolution for label-free, long-term functional characterization of electrogenic cells in both 2D and 3D cultures.
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s Versatile approaches to HD-MEA recordings of neural organoids
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Figure 1. Different approaches to acquire high-content functional readouts from neural organoids on Maxwell Biosystems’ HD-MEA platforms. Whole, sliced or air-liquid interface organoid and assembloids cultures can be
characterized using MaxOne Chips or MaxTwo Multiwell Plates. Organoid and assembloids cultures can be recorded acutely or plated for longitudinal characterization on the HD-MEA platforms.

« Functional phenotyping and disease modeling in neural assembloids

Assembloids are self-organized 3D model systems consisting of multiple connected organoids or organoids with integrated, specialized cell types. Different neural assembloids were cultured on
MaxWell Biosystems’ HD-MEA platforms for longitudinal functional phenotyping and disease modeling.

* Human iPSC-derived midbrain organoids, co-cultured with microglia and plated on MaxOne Chips and MaxTwo 24-Well Plates show increasing active area and distinct network firing patterns.
Longitudinal electrophysiology recordings capture the onset of bursting activity within two weeks of plating, which continues to mature over several weeks.

* Introducing KIF1A point mutations in neural assembloids alters network activity, with network firing patterns and bursting activity varying depending on the mutation type.
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Figure 4. Longitudinal network characterization and disease modelling in neural assembloids. Left: Midbrain assembloids with microglia on MaxOne Chips and MaxTwo 24-Well Plates exhibit increasing neuronal activity and network
maturation over time. Network bursting begins at DIV 14 and continues to develop as the assembloids mature. Right: Raster and network activity plots show distinct bursting patterns in control and KIF1A-mutated neural assembloids.

¢ Longitudinal network population and subcellular recordings of neural organoids

* Longitudinal electrophysiology recordings on MaxOne Chips reveal distinct stages of network maturation in hiPSC-derived cortical organoids over several weeks. Burst peak firing rate increases in the
first three weeks before stabilizing, while network burst duration continues to increase for up to seven weeks.

« MaxWell Biosystems’ AxonTracking Assay enables sub-cellular recordings, tracking action potentials along single neurons. Single-cell spiking patterns can be extracted to quantitatively analyze signal
propagation and neural activation dynamics in organoids.
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Figure 5. Longitudinal recordings from network to subcellular level enable time-dependent analysis of organoid development. Top: Network Assay results showing maturation of hiPSC-derived cortical organoids (n=5) over several
weeks compared to baseline (DIV 4). Bottom: Axon tracking of a single neuron across days in a cortical organoid with tracked branches in red. Time lapse images show signal propagation in a single neuron over time (DIV 35). The longest
latency and neuron conduction velocity plots depict longitudinally changes in hiPSC-derived cortical organoids (n=4).
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« MaxWell Biosystems is a technology leader providing advanced solutions for scientific research and

* Data from Figure 2 obtained in collaboration with Hopstem Bioengineering Co., Ltd., : ) ) ] _ )
development in stem cells, neuroscience, ophthalmology, and other fields involving electrogenic cells.

Hangzhou, Zhejiang, China, courtesy of Dr. Anxin Wang.
» Data from Figure 3 were collected by various users and co-owned by MaxWell Biosystems AG.

+  Data from Figure 4 on midbrain organoids was generated in-house using iPSC-derived * MaxOne and MaxTwo are automated HD-MEA platforms enabling reliable, non-invasive

midbrain organoids provided by OrganoTherapeutics, whereas data on KIF1A-mutated neural electrophysiological assessment of extracellular action potential, network dynamics and axonal physiology
assembloids were collected by Dr. Martin Nicholson at NeuCyte. in both 2D and 3D neural cultures over extended periods.
« Datafrom Figure 5 were collected at MaxWell Biosystems AG with neural organoids
generously provided by Dr. Lena Smirnova (Center for Alternatives to Animal Testing, Johns  HD-MEA technology powered by MaxWell Biosystems captures the electrical signature of neuron
Hopkins University). Mary-Dowlette Alam El Din provided technical assistance. populations in organoids with high temporal-spatial resolution and low-noise offering great flexibility.
» Datafrom Figure 6 were collected by the Jennifer Erwin Lab at the Lieber Institute for Brain
Development and John Hopkins University School of Medicine « These platforms facilitate phenotypic screening, disease modeling, and drug discovery using in-vitro

This work is funded by the HyVIS project, GA 964468, within the H2020 Framework Program of the European Commission. cellular mOdelS’ such as human iPSC-derived neuronal cell cultures and orga noids.

« AxonTracking Assay allows for high-resolution, sub-cellular characterization of disease models targeting
axon initial segments, axonal branching, and axon conduction.
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