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Spinal bulbar muscular atrophy (SBMA) is an adult onset, slowly progressive motor neuron disease.
By the analysis of mouse model, mutant androgen receptors (ARs) with abnormally expanded
polyglutamine tracts (CAG repeats) have been shown to form nuclear aggregates in a ligand
testosterone-dependent manner, leading to neurodegeneration. However, mouse models may not fully
recapitulate the pathophysiology of patients, and anti-androgen therapy with LH-RH analogs
(leuprorelin), the only available treatment, has been shown to be effective only in patients in the early
stages of disease, thus there has been a need to develop novel therapeutics using human disease
models that more accurately recapitulate patient pathology. In addition, it has recently been suggested
that skeletal muscle pathology and neuro-muscular interactions play an important role in
neurodegeneration in SBMA, making it an important target for pathophysiological analysis and
therapeutic development. In this study, we generated a new disease model that more accurately
recapitulates neuromuscular pathology of SBMA by co-culturing motor neurons and skeletal muscle
derived from SBMA disease-specific iPSCs, and developed a new disease model of SBMA, and
explored new therapeutic targets.

First, we developed a method to induce differentiation of more mature motor neurons and skeletal
muscles from iPSCs (Okada et al., 2021, Rashid et al., 2023). Motor neurons differentiated by this
method not only expressed maturation markers but showed electrophysiological properties of mature
neurons. Skeletal muscles could be efficiently and rapidly differentiated from iPSCs in a bulk culture,
by introducing doxycycline-inducible MYODI with puromycin selection. Furthermore, with this
method, we could have generated contractible three-dimensional skeletal muscle tissues (Rashid et
al., 2023). We next established a co-culture system of motor neurons and skeletal muscles derived
from iPSCs, in which NMJ formation efficiency was approximately four times higher than that of
conventional systems. By electron microscopy, fine structure of characteristic NMJs, such as
presynaptic vesicles (PV) and postsynaptic density (PSD) was confirmed, and by electrophysiological
analysis, synaptic activity in NMJs could be detected.

Using this system, we co-cultured SBMA disease-specific iPSC- or control iPSC-derived motor
neurons with skeletal muscles, and found that not only neurodegeneration but also various phenotypes
caused by neuromuscular interactions could be observed. In addition, siRNA-based knockdown of
mutant AR could have rescued the phenotypes observed. These results suggest that a new disease
model was established by neuro-muscular co-culture of SBMA disease specific iPSCs, and that
neuromuscular interaction plays important roles in SBMA pathophysiology.

We also found that NMJ formation is critical for neurodegeneration in SBMA, and succeeded in
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identifying intracellular signals underlying neuronal cell death. In order to identify molecules
involved in neuromuscular pathology, we performed transcriptome analysis using SBMA disease
specific- or control iPSCs. As a result, we identified several molecules that are highly expressed in
patient-derived skeletal muscle and can induce SBMA-like phenotypes in control motor neurons.
Furthermore, we found that suppression of identified molecules could rescue phenotypes in
neuromuscular co-culture suggesting that the identified molecules are responsible for
neurodegeneration via neuro-muscular interactions, and that they may be new therapeutic targets for
SBMA. We are currently investigating detailed molecular mechanisms and their usefulness as
therapeutic targets. This analysis may lead to elucidate pathophysiology of SBMA and to develop

new therapeutics.



