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Abstract

Amyotrophic Lateral Sclerosis (ALS) is a progressively fatal neurodegenerative disease that damages nerve
cells in the central nervous system (CNS), but its effects are manifested in the peripheral nervous system
(PNS) due to the loss of motor neuron function resulting in muscle weakness and atrophy. Although ~85-
90% of ALS cases are sporadic, mutations in over 40 genes have been identified that contribute to the
development of ALSW,

There is no cure for ALS and approved treatments are primarily aimed at addressing symptoms. Lack of
standardized, easy-to-use, consistent and readily accessible human cell models has been a hurdle in early-
stage ALS drug discovery. Human induced pluripotent stem cell (iPSC)-derived disease models, offer the
promise of building better in-vitro models for increased translational relevance.

Hyperexcitability is a trait in ALS neuronal pathology contributing to the degeneration of motor neurons
and disease progression. As such, this should be an essential characteristic of any physiologically-relevant
ALS disease model.

Here, we demonstrate the successful characterization of axoCells™ human iPSC-derived motor neurons
from six different donor lines including two unaffected donors, one C9orf72 carrying donor (the sibling to
the C9orf72 ALS donor), and three donors each carrying significant genotypes associated with ALS; SOD1,
C9orf72 and TDP43 for ALS drug discovery.

Using functional screening, the cells were shown to demonstrate a disease relevant phenotype when
compared to the control. Through Brightfield imaging and Immunocytochemistry (ICC), the morphology
and expression of neuronal marker TUJ-1 (Neuron-specific class Il beta-tubulin) was observed.

Spontaneous Neuronal activity (SNA) and Multi-electrode array (MEA) analysis displayed overall firing rates,
synchronization of firing, length of bursts and amplitude of bursts consistent with the cells’ phenotype.
Specifically, the ALS donor cells displayed a reproducible loss of synchronous firing and different degrees of
hyperexcitability.

Multiple manufacturing runs showed batch-to-batch functional consistency with these results. Such
reproducible functional characterization, allows the integration of functional testing into the standard QC
workflow thus demonstrating improved consistency and product quality. Successful characterization of
these human iPSC-derived cells which display attributes in line with ALS clinical pathology, confirms their
suitability to function as a physiologically-relevant disease model for ALS drug discovery.

Methods

Frozen motor neuron progenitors from unaffected donor cells were assay-ready from as early as 10 days
post-thaw using Motor Neuron Maturation Accelerator Supplement, while SOD1 and TDP43 phenotypes
required 20 days post-thaw to mature (Fig. 1). Brightfield imaging was performed at 10 days in vitro
(DIV10) to characterize neuronal cell morphology and the formation of structural neuronal networks.
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Further imaging through ICC was used to evaluate the expression of neuronal cell marker TUJ-1, facilitating
the identification of neuronal differentiation and maturation. To measure neuronal activity development,
we used the Axion Biosystems Maestro Pro MEA platform, which allowed for real-time recording of
electrical activity from neuronal networks. Motor neuron activity was measured and the synchronicity of
this activity was analyzed using the Sartorius IncuCyte® S3 system to confirm the functionality of the
neurons.

Results

Characterization by cell morphology

The unaffected donor cells displayed uniform cultures with large cell bundles and thick cabling while the
C9orf72 carrying donor cells (ax0073) displayed smaller irregular cell-body clusters that are dispersed with
thinner cabling between cell bundles. The SOD1 and TDP43 donor cells displayed more heterogenous
morphologies each with varied cluster sizes and neurite characteristics. The C9orf72 donor cells (ax0074)
displayed fewer uniform cultures, with smaller bundles and fibrous neurites.
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Figure 2. Brightfield
imaging at 10 days in
vitro (DIV10) showed
the expected neuronal
morphology of neurite
outgrowth and the
formation of structural
neuronal networks

y ‘:%Q.yeaTs.‘old
LR RN/

ALS donors
iPSC-derived motor neurons

et 75
om a female ALS d ith TDP43
62 years old at time of donation

www.axolbio.com
operations@axolbio.com

» Gregory, J.M., Fagegaltier, D., Phatnani, H. et al.
(2020) Genetics of Amyotrophic Lateral
Sclerosis. Curr Genet Med Rep 8, 121-131.
https://doi.org/10.1007/s40142-020-00194-8

axoCells™ is a registered trademark of Axol Bioscience. IncuCyte® S3 is a registered trademark of Sartorius AG

Expression of neuronal cell marker TUJ-1 via Immunocytochemistry

Following ICC imaging, cells demonstrated expression of the neuronal microtubule marker TUJ-1 and an
identifiable morphology consistent with their phenotype in line with Figure 2. Both methods also
displayed clear phenotypic morphological differences between the ALS donor lines.

Figure 3. ICC imaging at 10
days in vitro (DIV10)
demonstrate

microtubule marker expression
(TUJ-1) of axoCells Motor
Neurons.
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Spontaneous Neuronal Activity measurement using the Sartorius
IncuCyte® S3

Distinct patterns of SNA among the donor cells were observed. The unaffected donor cells
exhibited highly synchronized firing, characterized by a higher mean burst duration and a
lower burst rate. In contrast, the C9orf72 affected donor cells displayed a hyperexcitable
phenotype, showing less synchronized firing. Notably, all affected donor cells (C9orf72,
SOD1, TDP43) demonstrated an increased burst rate, indicating an increase in neuronal
excitability typical of hyperexcitability. The C9orf72 and TDP43 donor cells also displayed
less synchronized firing.
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Figure 4. Analysis from recording of spontaneous neuronal activity measured on the Sartorius IncuCyte® S3. IncuCyte® Neuroburst Orange
lentiviral reagent was used to image spontaneous neuronal firing in iPSC-derived motor neurons from unaffected donors and ALS donors.
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Motor neuron activity measurement using Multi-electrode Array

Data observed through MEA detection were comparable to SNA data. MEA data confirmed
that ALS motor neurons displayed less synchronized firing and a more hyperexcitable
phenotype compared to the unaffected donor cells.
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Figure 5. Measurement of motor neuron activity of unaffected and ALS donor cells
using MEA.

Comparable to wildtype

Conclusion

In the characterization of this set of axoCells iPSC-derived motor neurons, we used MEA and imaging to
observe key traits. By incorporating this characterization into manufacturing QC and functional QC
processes, we recorded multiple lines and multiple production runs (differentiations) to ensure these traits
were robust and reproducible and were not just a consequence of a single differentiation procedure.

Motor neurons from 6 different lines were assessed for ALS-related morphology and neural activity
phenotypes. The unaffected control lines exhibited consistent spike amplitude, short burst events, and
synchrony. In comparison, motor neurons from the ALS lines demonstrated a reproducible loss- or gain-of-
function for certain parameters in each phenotype with the same patterns observed across multiple
platforms. ALS motor neurons with different mutations displayed distinct phenotypes from each other
highlighting variations that exist amongst patients with varying mutations. This showcases the
opportunity for patient stratification in ALS drug discovery and development.

In addition, such reproducible functional characterization of these cells allows for functional QC to be
incorporated into the standard QC testing of iPSC-derived motor neurons improving the QC process and
demonstrating batch-to-batch consistency.

All ALS phenotype lines displayed a reproducible loss of synchronous firing and different degrees of
hyperexcitability. This is in accordance with expected ALS clinical pathology and supports the case for the
use of these cells in experimental in vitro models to study ALS pathology and potential therapeutics.
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