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Abstract

Patient-derived iPSC models have been designed for various indications promising higher physiological phenotypes. We cultured patient iPSC-derived motor neurons and controls on multiwell microelectrode arrays Neu rOPrOOf TECh n0|0gy

relevance and thus, better translation to the in vivo situation. Their application eventually may decrease (MEAs) for several weeks to analyze their functional network activity patterns by multi-parametric analysis . . _
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attrition rates in drug discovery and development. We focused on investigating motor neuron diseases (MND) (NeuroProof). Our results showed reproducible spontaneously active motor neuron networks with 1 Cut Multich | Record Analvet " o
such as amyotrophic lateral sclerosis (ALS) and spinal muscular atrophy (SMA), both causing loss of motor synchronized activity. We identified disease-specific functional phenotypes and showed how reference .. eur e ecr ne — Data na ys's . ecognition
neurons and associated symptoms. Here, we phenotypically describe the consequence of the genetic variation compounds can affect them. In conclusion, we show that hiPSC-derived motor neurons can produce functional ] ‘f : %
present in ALS and SMA patient iPSC-derived motor neurons on the functional activity and network in vitro phenotypes linkable to known motor neuron diseases. By using multivariate MEA data analyses BN
connectivity. We further elucidated how functional ALS and SMA phenotypes separated from controls during combined with reproducible physiologically relevant iPSC neuron models we provide a functional phenotypic =
network establishment. This difference is a prerequisite enabling compound testing to rescue the disease assay platform for high throughput compound screening. ! b
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Results

Characterization of wild type human motor neurons Spinal Muscular Atrophy (SMA) in vitro disease model
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hiPSC culture: human iPSC-derived motor neurons from healthy control (lot 1-3), ALS patient
and gene-corrected isogenic control and spinal muscular atrophy patient (SMA) (BrainXell)
Fibroblasts from SMA-patient and healthy control were reprogrammed into iPSC and differentiated into motor neurons (MNs). . .
Am OtrOphiC Lateral SC|erOSiS (ALS) in VitrO disease model 10) Control and diseased MNs show dramatically different activity patterns at 11 div. were cultured on 48 well MEAs (AXIOn Blosystems, USA)
y 11) MN-specific forkhead homeobox 1 protein FoxP1 staining in SMA motor neurons. MAP2 = microtubule-associated protein 2; MEA recording: MEAs were recorded on the MAESTRO recording station (Axion) at different
12) Multi-parametric spike train data analysis shows a hyper-active state of SMA MNs at 7-11 div (spike and burst rate, shorter burst period, number of bursting units), d . . di duri f . 1 d | d . . ded
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T I I N R T S N I N R TR B T p o m Lt T T e e BB T RtE okl E b ao it F M 3§ phenotypic difference between control and SMA neurons at 11 div. This readout allows ranking of rescue efficacies after applying test compounds. MEA Data ana|VSlS! ACqUIFEd 5p|ke train data was analyZEd and more than 200 functional
L e R T R S AR b R Ll SRR L. T P P S parameters were generated to enable optimal detection and highest resolution of phenotypic
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LR 0 ot A O 0 1 S A o S (R RS S E AL AR R R SR In vitro drug screening assay for genetic motor neuron diseases Effect Score see Bader BM et al. Frontiers Pharmacology 2018.
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9) Effect score calculation for ALS vs. control at 7 and 11 div shows a significant phenotypic difference as the basis for disease modeling. ALS MNs 06 . . .
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