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The aim of this project was to elucidate pathomechanisms and discover drugs for eight skeletal muscle and six
bone/cartilage diseases using disease-specific iPS cells. The establishment and analyses of iPS cells of skeletal
muscle diseases were performed in both Kyoto University (KU) and National Center for Neurology and Psychiatry
(NCNP) and those of bone/cartilage diseases were performed in KU in collaboration with nine research groups for
each intractable disease organized by MHLW and two pharmaceutical companies. During the first and second
fiscal year, we focused on establishing the process of iPS cells generation and arranging the experimental setting.
Also we worked to promote the iPS cell technology by holding an instructive course for members in this project.
In addition to the annual general meeting attended by all members, satellite meetings for skeletal muscle (mostly in
NCNP) or bone/cartilage (in KU) diseases were held to exchange the information and strengthen the collaboration.
From the third fiscal year, we have focused on the recapitulation of disease-phenotype in vitro and the
construction of assay systems. As a final result, we have established 77 strains of disease-specific iPS cells
in bone/cartilage diseases and 41 strains of skeletal muscle diseases, of which 37 and 29 were deposited to the
cell bank, respectively.

As for the results of collaborative research in bone/cartilage diseases, we have succeeded to recapitulate
the phenotype of FGFR3 disease in vitro and identified Statin as a candidate drug. This result was highly
acclaimed as a successful example of drug-repurposing approach. In fibrodysplasia ossificans progressiva,
we have disclosed an unexpected pathomechanism overturning the previous theory and identified Activin as a
disease-initiating factor. Using Activin as a therapeutic target, the drug-repurposing approach identified a
candidate drug for this disease. We have also succeeded to establish the assay system monitoring the
bone-forming property of osteogenesis imperfect (Ol). In the case of ossification of posterior longitudinal
ligament, we have found that iPS cells established from the affected members in a familial case had a
advanced property for ossification. In skeletal muscle diseases, the KU team tackled Pompe disease and
Miyoshi myopathy. Accumulation of glycogen was shown in muscle cells induced from Pompe-iPS cells,
and the drug screening using the in-house library was performed to identify those increasing the uptake of
GAA. In Miyoshi myopathy caused by mutant Dysferlin, the drug screening was performed under the
collaboration with pharmaceutical company to identify chemicals preventing the degeneration of mutant
Dysferlin.  Myotonic dystrophy type 1(DM1) and mitochondrial disease were main targets of NCNP team.
In DM1-iPS cells, the abnormal length of CTG repeats located in 3’UTR of DMPK gene, which is a causative
mutation of this disease, was further elongated and varied during the passages, recapitulating the genome
instability observed in DML1 patients. The screening was designed to identify drugs to regulate the splicing
by quantitative PCR. With regard to the mitochondrial disease, we have found that the fraction of mutated
mitochondria DNA (mtDNA) differs among clones, and clones with lower copy number of mutated mtDNA
showed no abnormalities in the respiratory chain. On the other hand, cells with only mutated mtDNA
showed low efficiency of reprogramming, and reprogrammed iPS cells showed poor differentiation property
for cardiomyocytes or neural cells. In the final fiscal year, we have tried to recruit patients with allelic
diseases and also extremely rare conditions, and succeeded to establish iPS cells from each of five types of Ol.
These results were published in 14 international journals including Nature and PNAS. As a total, among 14
target diseases of this project, the secondary drug screening was performed in five diseases and a promising
drug was identified in two diseases. The results of this project clearly showed that the application of disease
specific iPS cells is a new therapeutic strategy for intractable musculoskeletal diseases.
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