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Bone and cartilage tissues are main components of the locomotive system, impairment of which will cause
profound effects on activities of daily living (ADL). Despite the large number of genetic disorders affecting bone or
cartilage tissues, no effective treatments are available for most of the diseases in question. The purpose of this
project is to disclose the pathomechanism and discover drugs for hereditary bone and cartilage diseases using
disease-specific indued pluripotent stem cells (iPSCs). At first we develop innovative disease recapitulation
systems using new technologies of various scientific fields and then apply them for the analyses of each disease.

As for the evaluation system for bone diseases, we established one step differentiation method and succeeds
to visualize the process of bone-like nodule formation by time-lapse imaging using confocal laser scanning
microscope. In addition, the transition process from osteoblast to osteocytes was also visualized using 3D culture
system in collagen gels and single cell RNA sequence analyses demonstrated that the process of one step method
mimicked the membranous ossification process. For the evaluation system for cartilage diseases, we aimed to
create growth-plate like structures by the combination of in vitro and in vivo methods. Cartilage cells were
successfully induced via sclerotome, from which hypertrophic chondrocytes were further induced using T3.
Transplantation of induced chondrocytes produced tissues showing growth-plate like structure indicating that the
established method is applicable for the diseases affecting the growth plates. iPS cells established from patients
with target diseases and mutation rescued iPS cells were analyzed using these new evaluation systems.

In the case of osteogenesis imperfecta, the effect of candidate drugs was clearly demonstrated using one-step
induction method, validating the efficacy of this method. The method was also useful to show the effect of chemical
chaperone. In the case of ossification of posterior longitudinal ligament, we analyzed mesenchymal stem cells
induced by the multistep method, which showed high osteogenic differentiation properties. Genotype-phenotype
correlation of type Il collagen diseases including spinoepiphyseal dysplasia congenita was clearly demonstrated
using iPS cell with an identical genetic background except specific mutations in the COL2A1 gene. Accumulation
of mutant peptides created by missense or flame-shift mutations of MATN3 gene or COL10A1 gene were
demonstrated in ER of hypertrophic chondrocytes induced from iPS cells of multiple epiphyseal dysplasia or
metaphyseal chondrodysplasia Schmidt type, inducing the upregulation of unfolded protein responses. In addition,
we demonstrated that type X collagen is dispensable for the formation of growth plates using COL10A1-deficient
iPSCs.

As for the public relation activity, we folded several open forums to inform our project and broaden the
knowledge of iPSCs.

In summary, we have established new platforms for disease-modeling using disease-specific iPSCs derived

from hereditary bone and cartilage diseases, which will be useful for researchers in this field.



