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Introduction
Amyotrophic lateral sclerosis (ALS) is a fatal disease whose 

disease mechanisms are not fully understood. Therefore, 

phenotypic disease models are needed for the development of 

new therapies.

The disease occurs in familial and sporadic forms, fALS and sALS. 

Although only about 10% of cases are familial with a known 

hereditary origin, they are important for disease modeling. 

Known fALS forms have mutations in the SOD1, C9orf72, TDP-

43, FUS, and other genes.

Human-induced pluripotent stem cells with fALS mutations can 

be differentiated toward spinal motor neurons. These are 

canonical disease models that reflect phenotypic disease 

symptoms. 

In our hands, iPSC-derived spinal motor neurons with the 

mutations SOD1-D90A, SOD1-A4V, TDP43-G298S, TDP43-A384V, 

and a C9orf72 mutation could be cultivated on microelectrode 

array plates for 14 to 28 days. No difference in survivability 

between diseased and wild-type cells was observed. 

We investigated hyperexcitability as a major phenotypic readout 

of ALS assays that can be correlated with clinical symptoms.

Summary and Conclusion
We developed a functional phenotypic assay for ALS

with human iPSC-derived neurons and/or astrocytes,

with hyperexcitation as the main readout. In C9orf72,

SOD1, and TDP-43 mutation cell lines we observed

hyperexcitation after sufficient cultivation time.

We could demonstrate that compounds with different

modes of action could mitigate hyperexcitation in our

disease models.

Our ALS assays are well-suited for compound approval

for potential new therapies.

4 categories: General activity, Burst structure, Regularity/oscillation, Synchronicity/connectivity
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hiPSC culture: Human iPSC-derived motor neurons were
differentiated by BrainXell (USA) from healthy controls (wild type),
patient samples (C9orf72, SOD1-D90D), or were isogenic gene-
corrected cells (SOD1-D90D). Cells were cultured on 48 well MEAs
(Axion Biosystems, USA).

MEA recording: MEAs were recorded on the MAESTRO recording
station (Axion) at different days in vitro (div) during functional
development. Per data point, 60 minutes were recorded at 37°C
und stable pH condition. 30 minutes of stable activity was analyzed.

MEA Data analysis: Acquired spike train data was analyzed and 
more than 200 functional parameters were generated to enable 
optimal detection and highest resolution of phenotypic differences 
(NPWaveX software, NeuroProof). “Effect Score” calculation: 
Projection of multiple parameters into a single parameter based on 
Z’ factor.
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First electrophysiological activity can 

be observed after 7 days and lasts 

more than 5 weeks.

After 14 days in vitro, a reliable 

hyperexcitation of the disease motor 

neurons compared to the wild-type 

neurons can be observed for C9orf72 

and SOD1 mutated forms but not for 

the TDP43 mutated forms. Riluzole 2 

µM applied on days 8 and 11 in vitro 

with medium change caused a 

reliable reduction of hyperexcitation 

after 14 days in vitro in three 

different models: with C9orf72 and 

SOD1 motor neurons and in TDP43 

mutations, we saw any effect of 

riluzole. 

We could observe hyperexcitation in 

all tested cell lines and saw 

hyperexcitation states with a longer 

cultivation time.

Parameter sorted in 4 categories:
- General activity
- Burst structure
- Regularity/oscillation
- Synchronicity/connectivity

Electrophysiology

Effect Scores of Compound Effects
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For each parameter, the mean of the control is set to “1.0” and the mean of the disease to 
“0.0”. The value of each test condition is scaled relative to this range.
Scores are averaged over all parameters to create the Effect Score.
Values of compounds, e.g. riluzole (RLZ), retigabine (RTG) and TUDCA, are also scaled.

Effect Score calculation
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Hyperexcitation is a clinical symptom of ALS (Bae J.S. et. 

al. 2013), (Gunes Z.I. et al. 2020). Beside other symptoms, 

fasciculation is as symptom of hyperexcitation in lower 

motor neurons.

The symptom of hyperexcitation is correlated to the early 

phases of the disease. Hyperexcitation is seen in cell lines 

with C9orf72 , TDP 43 and SOD1 (not shown) mutations.

Our data demonstrate that hyperexcitation is gaining with 

cultivation time. Hyperexcitation is correlated with a 

higher Spike and Burst Rate.

Co-cultures of diseased spinal motor neurons and diseased 

astrocytes also demonstrate a hyperexcitation, although 

the influence of diseased astrocytes is very strong and 

causes a loss of motor neurons, which causes at higher 

diseased astrocytes a lower activity level (not shown.)

Neurofilament Light Chain, NF-L, is one of the most predictive clinical markers of ALS and 

can be performed as blood tests.

NF-L deposits are detected in axonal initial segments, which are discussed as a cause of 

hyperexcitation.

We could show that NF-L measured in supernatants of human iPSC derived neuronal cell 

cultures, the diseased cultures were slightly reduced with treatment of riluzole (RLZ, 

2µM) and retigabine (RTG, 10 µM).

NF-L Assay: SOD1-A4V model
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