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Aiming at Organelles as Targets 
for Treatment in Neurodegenerative Diseases
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Summary
Cellular homeostasis, regulation of oxidative stress and autophagy are processes finely maintained and regulated by specialized organellar structures. Neurodegenerative diseases such as Alzheimer's disease (AD), Parkinson's disease (PD), amyotrophic 
lateral sclerosis (ALS), and frontotemporal dementia (FTD) are characterized by dysfunction in these critical organelles, as lysosomes and mitochondria. Targeting their dysfunction has become a promising therapeutic approach for neurodegenerative 
disorders. Moreover, in all these pathologies protein aggregation is evident to be a common hallmark, representing a potential therapeutic target. 

This work aimed to develop assays for screening pathological phenotypes in disease-relevant neuronal models, exploring organelles dysfunction as targets, with a focus on proteinopathies. 
For this study, we selected relevant cell models such as iPSC-derived MotorNeurons AHN and TDP43-mutated lines, as well as iCell® DopaNeurons derived from AHN, and TMEM175 mutated (M393T, Q65P, T393T) (FCDI engineered) to mimic ALS and PD 
models, respectively. In both models, disease phenotypes were induced by stressors, and cells were stained with organelle-specific dyes or antibodies to measure relevant features by means of High Content Microscopy. The assays were miniaturized and 
optimized for high-throughput screening and also used to run Cell Painting imaging and analysis, increasing the powerfulness of our platform.
For functional characterization we carried out electrophysiology analysis; in particular, lysosomes were enzymatically isolated from iCell DopaNeurons and ionic current recorded directly on single lysosome. Also, Multielectrode Array was run on all the 
four different iCell DopaNeuron lineages. To increase complexity and relevance of our model, we also developed co-culture approaches.

This integrated assays enables detailed modeling of organellar dysfunctions in neurodegeneration and supports the discovery of novel therapeutic compounds.
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hiPSC-derived DopaNeurons

PCA 
DIMENSIONAL REDUCTION

M393M

AHN (M/T)

T393T

Q65P

Multielectrode Array (MEA) of 
TMEM175 iCell DopaNeurons
The four lineages were characterized on 
MEA for their network activity. Among 
the more than fifty parameters analyzed, 
several were affected by TMEM 
mutations. 
To better dissect the system and 
understand the contribution of each 
variable, dimensional reduction was 
conducted with Principal Component 
Analysis (PCA). By analyzing the 
geometric distance between the centroid 
of each experimental group, we were 
able to determine distance among the 
mutations

Lysosome Patch Clamp of TMEM175 iCell DopaNeurons
Lysosomes from iPSC-derived DopaNeurons carrying specific PD-relevant mutations were patched with 
two different configurations: whole-lyso and lyso-attached configurations

In terms of current density (panel A - pA/pF), Q65P mutation showed the highest values compared to 
others, while T393T showed the lowest values, as expected.
Preliminary data (n=5) on single-channel recordings (B) indicate a higher number of channels in Q65P 
compared to the other cell lines
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α-synuclein Aggregation 
SH-SY5Y cells expressing physiological levels 
of α-synuclein were seeded in 384-well 
plates and exposed to pre-formed α-
synuclein fibrils to induce protein 
aggregation. Aggregation was assessed in 
the presence or absence of lysosome 
modulators using high-content imaging. 
Data are presented as mean ± SD (n=4 
biological replicates)
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Conclusion
We established a scalable, automated platform for modeling neurodegenerative disorders and proteinopathies using relevant iPSC-derived models and demonstrating organellar involvement. 
In particular, we succeed in:
• Developing a miniaturized platform to monitor lysosomal and mitochondrial function in iPSC-derived neurons
• Enabling mechanistic insights in disease-relevant models (e.g., TMEM175, TDP43)
• Supporting high-content imaging compound profiling and functional screening, taking advantage of Cell Painting approach
• Providing a framework to discover targeted therapies for neurodegenerative diseases
This integrated system enables miniaturized drug screening suitable for identification of novel therapeutic targets. Moreover, offers a unique opportunity to integrate mechanistic insights into TMEM175 function 
with disease-relevant cellular models, further advancing our understanding of its role in lysosomal health and its potential as a therapeutic target.

hiPSC-derived MotorNeurons

ALS Models

PD Models

Astrocytes Role in α-synuclein Aggregation (Preliminary data)
Presence of iCell Astrocytes in iCell DopaNeurons (FCDI) culture modulates pFFs processing (visualized as mean intensity signal and number of spots) in a dose-dependent manner. 
Data are presented as mean ± SD, preliminary results

iCell DopaNeurons
+ iCell Astrocytes

iCell DopaNeurons iCell DopaNeurons
+ iCell Astrocytes

iCell DopaNeurons iCell DopaNeurons
+ iCell Astrocytes

iCell DopaNeurons iCell DopaNeurons
+ iCell Astrocytes

Cell Painting in hiPSC-derived 
iCell MotorNeurons
Images from multi-organellar 
staining in Apparently Helathy 
Normal iCell MotorNeurons and 
M337V TDP43-mutated (FCDI). 
Cell Painting represents a state-
of-art tool to visualize thousand 
features related to 
mitochondria, lysosomes, 
neurites and other structures 
simultaneously. This approach, 
linked to the miniaturized 384 
format, escalates the 
powerfulness of this technique

This study is part of AICoS project (CUP B79J23000340005) supported by Italian Ministry of Economic Development (MISE) – Innovation Agreements D. M. 31/12/2021
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MitoTracker Staining in iCell MotorNeurons
MitoTracker dye was used to assess oxidative stress levels in iPSC-derived MotorNeuron cell lines treated with Arsenite to mimic ALS-
related pathological conditions. The images show a clear reduction in mitochondrial staining in the presence of CCCP, used as a 
control for mitochondrial depolarization. A decrease in mitochondrial membrane potential, and consequently in staining intensity, is 
also observed following Arsenite treatment in a time-dependent manner (48 h vs 72 h). Differences between AHN and mutant cell 
lines (M337V and Q331K) suggest higher basal oxidative stress levels in the mutants
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** **

Effect of Lysosomal Modulator on α-synuclein 
Aggregation
Analysis of number of α-synuclein-positive spots per 
cell after α-synuclein preformed fibrils (pFFs) 
treatment in iCell DopaNeurons (FCDI). Exposure to 
pFFs robustly increases spots number, while addition 
of a reference compound modulating lysosomal 
functionality attenuates pFF-induced spots formation. 
Data are presented as mean ± SD. Data are from two 
biological independent experiments. 
** P value < 0.01 - Multiple linear regression
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