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Spinal bulbar muscular atrophy (SBMA) is an adult onset, slowly progressive motor neuron disease, caused by
abnormal expansion of CAG repeats in Androgen receptor (AR). The analyses of SBMA model mice have revealed
mutant AR with expanded polyglutamine tracts (CAG repeats) form aggregation in testosterone-dependent manner,
and induce motor neuron degeneration. However, SBMA model mice could not necessarily recapitulate patients’
pathology, and the involvement of skeletal muscles in neurodegeneration has been recently shown, thus, its
pathogenesis still remains to be fully elucidated. Moreover, though anti-androgen treatment by LH-RH analogue,
Leuprorelin, has been shown to rescue the phenotypes of SBMA model mice, it was shown to be only partially
effective for patients of SBMA in clinical trials, indicating the necessity of developing more reliable and effective
treatments. Therefore, detailed pathophysiological analysis and drug screening using SBMA disease specific iPSCs
are expected. Here, we established efficient analysis system for pathophysiological analysis and drug discovery
using motor neurons and skeletal muscles derived from disease specific iPSCs of SBMA.

1. Establishment of rapid and efficient analysis system of iPSC-derived motor neurons

For efficient pathophysiological analysis using iPSC-derived motor neurons, we established protocol of rapid,
efficient and simple motor neuron differentiation from iPSCs, with dual Smad inhibition (BMP inhibitor, TGF
inhibitor) and GSK3p inhibitor. The use of more specific and less cytotoxic reagents increased the number of motor
neurons obtained from small numbers of iPSCs. Moreover, we developed motor neuron maturation protocol and
high content analysis system using imaging cytometer (IN Cell Analyzer6000), with which we could successfully
detected definitive phenotypes of SBMA iPSC-derived motor neurons.

2. Establishment of analysis system of motor neuron specific pathology

For the analysis of motor neuron specific pathology, we developed reporter lentivirus which visualizes
iPSC-derived motor neurons (HB9*4%8::Venus). Pathological changes in motor neurons labelled by this reporter
could be quantitatively analyzed by high content analysis, from the aspect of the number of motor neurons, neurite
length, and motor neuron size. With this system, we detected enhanced phenotypes in SBMA iPSC-derived motor
neurons by stress inducers. Moreover, we successfully purified iPSC-derived motor neurons by sorting
HB9®4%8::Venus high-positive fractions.

3. Establishment of analysis system of neuro-muscular pathology

For the analysis of neuro-muscular interactions, co-culture system of motor neurons and skeletal muscles was
established. When iPSC-derived motor neurons were co-cultured with human skeletal muscle cells, they formed
neuromuscular junctions (NMJs) in vitro. We also established co-culture system for time-lapse imaging and
high-content analysis (HCA) of NMJ. By using these systems, we clarified non-cell autonomous effects of mutant
AR-expressing skeletal muscles on motor neurons. We are currently developing advanced analysis system to clarify
underlying molecular pathophysiology of neuro-muscular interactions.

4 . Detection of disease progression for the assessment of the outcome of treatments

Mutant AR aggregation is one of the most important pathological hallmarks of SBMA, which could be a marker
of therapeutic effectiveness. We are establishing systems for detecting mutant AR aggregation stably and with high

sensitivity. With this system, efficient pathological analysis and drug screening are expected.
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