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研究成果の概要（和文）：私達の研究の目的は、ALS 患者のヒト多能性蒸気細胞 (hIPSC) から運動ニューロン
(MN)を抽出することで、ALSの進行を理解することである。主な成果は次の通り。
1. ALS患者hIPSC由来のMNの軸索生物学研究のためのマイクロ流体チャンバーの開発。2. hIPSC からのMN分化収
率を 70% 以上に高める。3. ALSの病理を再現し、ALS MN培養物における軸索変性ミトコンドリア機能不全、及
びタンパク質凝集を観察する。4. 細胞内 ATPレベルの低下は、ALS MNにおけるTDP43凝集の増加を引き起こす。
5. 継続的な検証により、培地から潜在的なALSバイオマーカーを特定する。

研究成果の概要（英文）：Our research aimed to understand ALS progression by deriving motor neurons 
(MNs) from ALS patient human pluripotent steam cells (hIPSCs), overcoming murine model limitations. 
Key achievements include:
1. Developing microfluidic chambers for axonal biology studies of MNs derived from ALS patients 
hIPSCs.　2. Enhancing MN differentiation yield from hIPSCs to over 70%.　3. Recapitulating ALS 
pathology, observing axonal degeneration, mitochondrial dysfunction, and protein aggregation in ALS 
MN cultures.　4. Identifying a mechanisms linking decrease in intracellular ATP levels to an 
increase of toxic TDP43 aggregation in ALS MNs.　5. Identifying potential ALS biomarkers from 
culture medium, with ongoing validation.

研究分野： Molecular Biology
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  ２版

令和

研究成果の学術的意義や社会的意義
ALS rapidly leads to death. Our research links mitochondrial defects and reduction of ATP, to 
cytoplasmic aggregates in motor neurons from ALS patients, expanding on the role of LPS in disease. 
We also identified possible biomarkers for diagnosis, to improve patients` treatment and quality of 
life.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 (background of the project) 

Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disorder marked by 

the degeneration of upper and lower motor neurons (MNs). ALS leads to severe weakness 

and death from respiratory failure within 3-5 years. The rate of mortality within 12 months 

of diagnosis is 50% (Brown et al., 2017). The lifetime risk of ALS is 1 in 300, but the 

prevalence remains low because the prognosis is bleak. To date, ALS remains fatal with no 

cure, and the underlying disease mechanisms continue to elude our understanding. There 

remains an urgent need for an effective treatment to slow or to arrest the progression in ALS. 

Most research on ALS is conducted on animal models, which might not be a good surrogate 

of the human pathology, given the failure of just over 280 clinical trials in humans based on 

data generated by said models (Brown et al., 2017). To overcome the limitations of murine 

models we derived MNs from ALS patient’s human pluripotent stem cells (hIPSCs) as the 

standpoint to shed light on the biological mechanisms of ALS and infer potential biological 

clues to improve diagnostics (e.g. biomarkers) and therapeutics. The discovery of new 

biomarkers will help in the diagnosis and treatment of the disease. Indeed, ALS is diagnosed 

through a combination of clinical assessments, medical history evaluations, and various tests, 

which eliminate other medical conditions with similar symptoms. Consequently, the 

diagnostic timeline for ALS can extend from several months to over a year. Delayed diagnosis, 

occurring late in the disease progression, critically limits the window for implementing 

supportive care and therapeutic interventions. 

 

 

２．研究の目的 (purpose of the project) 

Our research concentrated on establishing a model for deriving motor neurons from ALS 

patients and identifying biomarkers for ALS. By generating motor neurons from hiPSCs, we 

can study the disease in a controlled environment, allowing for the identification of 

biomarkers, molecular indicators of disease presence or progression. Biomarkers that can 

reflect the underlying pathophysiology, disease progression, and response to therapies are 

vital for advancing ALS research and developing targeted treatments. Identifying reliable 

biomarkers can potentially expedite drug development, improve patient care, and provide a 

deeper understanding of ALS, ultimately enhancing the prospects for effective interventions 

and improved outcomes for individuals affected by this debilitating condition. Current 

biomarker discovery is hindered by the low levels of relevant proteins in accessible biofluids 

like blood. The use of hiPSCs to derive motor neurons represents a shift towards more ethical 

research practices by reducing reliance on animal models and providing a more relevant 

human context for studying the disease. It also allows for a closer look at these proteins 

without interference from the immune system. 

In addition, we wanted to further our understanding of the mechanisms underlying ALS, by 

comparing a cohort of MNs generated by hIPSC for ALS patients with the most common 

mutations associated with the disease, including a sporadic line. We hope that not focusing 

on one mutation alone will uncover common mechanisms underlying the disease progression. 

We choose to focus on mitochondria and protein aggregation due to previous literature 

regarding mitochondrial defects in ALS (Genin EC et al, 2023) and our data suggesting a link 

between ATP production and liquid-liquid phase separation, which has been suggested to be 

contribute to protein aggregation. 

 

 

３．研究の方法 (research method) 

Our research relied on the differentiation of MNs from hIPSCs. We first adopted a 

differentiation protocol based on Bossolasco et al., 2018, which gave us a relative low yield of 

MNs. We then adopted a different protocol based on Du et al., 2015, which yield a much 

higher percentage of MNs (>70%). 

We produced microfluidics chamber for the purpose of validation of axonal transport defects 

as well as assessing axonal local translation in MNs from ALS patients. MFCs were designed 

and fabricated as described in Emily M.F. et al, 2022. 

Protein liquid phase separation in ALS MNs was assessed by confocal microscopy following 

fluorescence recovery after photobleaching (FRAP) of axonal cytosolic GFP transduced via 

AVV vectors. Mitochondrial activity and fucntion was monitored by imaging using fluorescent 

membrane potential sensor TMRE or the Agilent Seahorse Cell Mito Stress Test kit in 



combination with the Seahorse XF Analizer. Axonal ATP concentration was quantified by in 
vitro bioluminescence assay.  

Proteomics analysis of tissue culture media was performed in the proteomics facility at OIST 

as described in El-Agamy SE et al, 2023. The mass spectrometer used was a Orbitrap Fusion 

Lumos from Themo Fisher. Quantification of the relative protein abundance was performed 

with the Proteome Dicoverer software suit and R. 

 
 
４．研究成果  
The project was about understanding what drives the rate of progression of 

neurodegeneration, looking at a paradigm of fatal neurodegenerative disorders: Amyotrophic 

Lateral Sclerosis (ALS). To overcome the limitations of murine models, which recapitulate 

the most salient features of the human disease but are not a complete surrogate of the human 

pathology, we directly derived motor neurons (MNs) from ALS patient hIPSC to assess 

underlying pathological mechanisms and to identify new biomarkers of disease. Below is a 

synopsis of our research achievements. 

 

Establishment of compartmentalized cultures for ALS motor neurons. We have developed a 

microfluidics chamber (MFC) device suitable for the culture of MNs and adult sensory 

neurons. These MFCs rely on fluidic separation of the somatic and axonal compartments, 

allowing for the study of axonal biology, long-range intracellular transport and local 

translation via incorporation of puromycin to follow newly translated proteins via imaging 

as well as by biochemical retrieval and Mass Spectrometry analysis (Emily M.F. et al, 2022).  

 

Motor neuron differentiation from human iPSCs. We acquired 6 ALS and 4 healthy control 

hiPSC lines from Cedar Sinai Cell Bank. These cells we specifically selected to cover the most 

common mutations linked to ALS, including sporadic cases. We have also perfected our 

differentiation protocol to significantly increase the yield of MNs differentiation from 

approximately 50% (following protocol from Bossolasco et al., 2018) to >70% (following 

protocol from Du et al., 2015). The percentage of Hb9 and ChAT positive neurons in our 

culture was examined and quantified by fluorescence confocal microscopy in various iPSC-

derived motor neuron cultures and we now routinely obtained higher differentiation yield 

under the modified protocol from Du et al.  

 

Characterization of pathogenic mechanisms in human iPSC-derived motor neuron culture. 

We assessed whether our motor neuron cultures could recapitulate the pathological 

characteristics of ALS observed in patients such as axonal degeneration, mitochondrial 

disfunction, and protein aggregation. We observed an increase in axonal blebbing in ALS 

MNs compared to healthy control cultures from day in vitro (div) 15. Significant increase in 

axonal degeneration was noticed in ALS motor neuron cultures after div30. To assess 

mitochondrial disfunction we performed in vitro bioluminescence assay to measure the 

intracellular concentration of ATP in all our iPSC-derived motor neuron cultures. We 

observed a significant reduction of ATP from TDP43 and C9Orf72 mutant ALS neurons 

compared to healthy control neurons, while ATP remained apparently stable in SOD1 and 

sporadic ALS neurons. In addition, we performed measurement and quantification of 

mitochondria number, dynamics and function, which have revealed an alteration in 

mitochondrial function for most of the lines. 

 

Fluidic phase separation and ATP deficits in ALS MNs. A common feature of 

neurodegenerative disorders is the formation of protein aggregates by liquid-liquid phase 

separation (LLPS) (Ross and Poirier, 2004; Elbaum-Garfinkle, 2019), where proteins 

condensate to form membrane-less organelles. LPS has recently emerged as an essential 

mechanism to regulate the subcellular organization and function of synapses in physiological 

and pathological conditions (Chen et al., 2020). TAR-DNA-Binding protein 43 (TDP-43) is a 

component of pathological intracellular aggregates observed in most forms of ALS (Scotter et 

al., 2015), and its presence in RNA and/or stress granules has been reported to rely on LPS 

(Gopal et al., 2017; Tsang et al., 2019). We correlated lower levels of intracellular axonal ATP 

to an increase density of the axonal cytoplasm in ALS MNs compared to healthy controls. We 

speculated a correlation with the cytoplasm density and liquid phase separation, a 

phenomenon, which drives protein aggregation. Indeed, we have also assessed TDP43 

aggregation in ALS MNs at different time points and in different culture condition. 

Preliminary observations suggest that TDP43 aggregation in soma and axon compartments 

might be occurring from div7. Analysis of TD43 aggregation is ongoing at later stages of 



culture (div 14, div21 and div35) for all the lines.   

 

Identification and characterization of novel ALS biomarkers from culture medium. We 

collected culture medium from ALS motor neuron cultures at 4 different time: div0, div7 (pre-

symptomatic), div28 (early onset of disease) and div42 (late stage of disease). The medium 

has been subjected to proteomics analysis. Possible biomarkers have been identified by 

bioinformatic analysis, which compares disease progression in each individual ALS MN line 

as well as comparing ALS patient lines vs healthy controls. We are in the process of validating 

candidates in our culture system as well as in patient samples. 

 

Conclusions: In summary, we have developed microfluidic chambers for culturing ALS motor 

neurons (MNs) and adult sensory neurons, enabling detailed studies of axonal biology and 

protein translation. Our refined protocol for differentiating MNs from hiPSCs has 

significantly increased yield, enhancing our experimental throughput. Our human iPSC-

derived MN cultures successfully recapitulate key pathological features of ALS, including 

axonal degeneration, mitochondrial dysfunction, and protein aggregation. We observed 

notable axonal blebbing and degeneration in ALS MNs, particularly from day in vitro (div) 

15 to div30. Mitochondrial dysfunction, evidenced by reduced ATP levels, was particularly 

pronounced in TDP43 and C9Orf72 mutant neurons. We have also explored the role of liquid 

phase separation (LPS) in ALS pathology, correlating reduced intracellular ATP levels with 

increased cytoplasmic density and TDP43 aggregation. Preliminary data indicates TDP43 

aggregation as early as div7, with ongoing analysis at later stages. 

Furthermore, our proteomic analysis of culture medium at various stages of disease 

progression has identified potential ALS biomarkers, which are currently being validated. 

These achievements not only deepen our understanding of ALS pathogenesis but also pave 

the way for developing new therapeutic strategies and diagnostic tools. Our finding 

connecting ATP cytosolic levels with toxic protein aggregation could be leveraged to explore 

chemicals increasing local ATP concentration via activation of mitochondrial activity. We will 

also validate the newly identified biomarkers in patient samples and strive to bring these 

findings to the clinic. 
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