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Research and Development of Advanced Medical Devices and Systems to Achieve the

Future of Medicine
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Development of the functional organs and tissues production technology by the
three—dimensional shaping / Research and development of the functional
three—dimensional tissue and the three—-dimensional organ manufacturing
technology using cells / Development of the production technology of the
regenerated tissue and organ using high-performance scaffold and the bio3D

printer
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Tsuyoshi Takato, Professor, Department of Oral-Maxillofacial Surgery and
Orthodontics, The University of Tokyo Hospital; Director, Department of Tissue

Engineering, The University of Tokyo Hospital
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Research and development for fabrication of regenerative bone
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Kazuto Hoshi, Associate Professor, Associate Professor, Department of Oral-
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Deputy Director, Department of Tissue Engineering, The University of Tokyo

Hospital



gy HOBF 4R

P & R M 4

WHFERRFE Sy

AT ek K4

gy HOBF 4R

P & Bk M 4

WHFERHFE 1

ATl ek K4

gy HOBF 4R

P & Bk M 4

WHFERHFE 1

PrE Bk K4

gy HOBF 4R

P & Bk M 4

WHFERHFE 1

ATl ek K4

FRAE K (RN O FERE 58

Research and development for fabrication of regenerative cartilage
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Research and development for fabrication of regenerative knee joint
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Research and development of cell assessment technology in three—dimensional

regenerated tissues
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Research and development for fabrication of regenerative skin tissue
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(1) Common fundamental technology: We adopted "Recombinant peptide based on human collagen type-I

(RCP)” developed by Fujifilm as a scaffolding material with high biocompatibility and 8-TCP developed by
Olympus Termo Biomaterial to mimic the structure of bone, meniscus and skin (wound dressing). We built
the internal structure that allows cell entry in a short time. By evaluating samples made by a layered
modeling method and a dispenser method, we adopted the layered modeling method that shows high
availability to materials. We completed the prototype machine of the layered modeling type 3D printer
and constructed a technology for creating modeling data. Regarding bone, we provided the prepared
scaffold to the University of Tokyo, which is the clinical application destination, and for the meniscus, we
provided the prepared scaffold to Osaka University, which is the clinical application destination, and
confirmed its effectiveness in miniature pigs experiments.

(2) Bone: In the rat calvarial defect model, the basic specification of the RCP/B-TCP scaffold and the
appropriate method to apply in-vitro-cultured cells were determined, and in the assessment with larger
animals, the appropriate design guidelines for the microstructures of the scaffold was established. Then,
as the validation of interaction between (scaffold + growth factor) / cell, the optimal amount of growth
factors that can effectively induce bone in MSC was determined in vitro. We also confirmed the safety of
growth factors in vivo. In the validation test for an experimental animal model, the efficacy of a miniature
swine bone defect model was confirmed. Finally, bone regeneration using cell-loaded microstructural
scaffolds was examined in a large animal model using miniature pigs, and the usefulness of the scaffold
and cell-loading were confirmed. Based on these results, consultations with PMDA was done, and the way

to the clinical application of this regenerative bone was developed.



(3) Skin: The papillary structure between epidermis and dermis supports to the mechanical strength of
skin. The lack of this ultrastructure following wound healing is a risk factor of recurrence of cutaneous
wound. Here we showed that the overplied structure of RCP beads realized the regeneration of the
papillary structure at the bottom of epithelializing tissue as well as the promotion of wound closure.
Bacterial infection of wound is the most critical factor to inhibit the progression of healing. We also
showed the bacteriostatic action of chitosan in the in vitro and vivo experiment using Pseudomonas
aeruginosa.

(4) Meniscus: There have been no satisfactory clinical results obtained for the treatment of patients with
incurable meniscal tear since any conventional approach of regenerative medicine couldn’t artificially
reproduce meniscal micro-structure. This research aims to develop a novel tissue engineered meniscus,
mimicking the native meniscal micro-structure, with a combination of stem cells and RCP. In the 2016
fiscal year, we have obtained the following results. 1) A 3D structure of RCP-based engineered meniscus
has been optimized. 2) The engineered meniscus combined with stem cells was implanted into meniscal
defect in miniature pigs, which exhibited a highly chondroprotective effect. 3) The results of mechanical
testing suggested the accelerated tissue remodeling especially in stem cell-seeded engineered meniscus. 4)
By histlogical analysis, the implanted tissue showed the progression of new tissue regeneration at 12
weeks post-implantation especially in stem cell-seeded engineered meniscus. As to Safranin O staining,
there were no significant differences detected between each group, and thus further follow-up (until 6
months or 1 year post-implantation) should be necessary to observe the remodeling to normal meniscus.
(5) Cartilage: We made scaffold which has optimized RCP crosslinking conditions and has a spatial
structure for maintaining cells and is easy to exchange substances with the interior part of the structure
using PLLA / RCP composite by 3D printer, and the specification of the scaffold was determined. We
confirmed that favorable cartilage could be regenerated in vivo by loading cells matured in vitro.
Secondary, as a demonstration of the interaction of the scaffold -growth factor composite/cell, IGF-1 is
embedded in the scaffold together with the cell. The method to use growth factor and the administration
method of cell cultured in vitro were determined, and the safety was confirmed. Finally, as an
investigation of effectiveness by transplantation, animal experiments using rat and Beagle were
performed, and the performance of the scaffold and regenerative cartilage was evaluated. As a result, good
regenerative cartilage formation was confirmed as in vitro one.

(6) Knee joint: By the behavioral, anatomical and histological evaluation after osteochondral defect
creation in the tibia of rat and miniature pig, we confirmed it possible to prepare a defect model. In
addition, as a specification examination of scaffold material for composite bone and cartilage, we studied
three-dimensional scaffold specifications of cartilage/bone integrate type by applying RCP, RCP/8-TCP
composite or RCP/B-TCP complex. Cells cultured and matured in vitro were mounted on the scaffold
beforehand. Each tissue maturity was evaluated in vitro.

(7) Evaluation technique for cells: We confirmed that Collal (type I collagen alpha I chain) and Col2al

(type II collagen alpha II chain) are suitable for bio-marker genes, which represent osteoblast
(bone-forming cell) and chondrocyte (cartilage-forming cell) differentiation, respectively. We then
generated cells expressing the green fluorescent protein (GFP) gene under the control of a 2.3-kb promoter

fragment of the Collal gene or a Sox9 binding element located in the intron 1 of the Col2al gene. When
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the cells were cultured in RCP, GFP expression was detected in differentiation-specific manners. Thus, we

have established imaging methods, which monitor regeneration of bones and cartilages. By genome-scale

analyses using the next-generation sequencer, i.e., chromatin immunoprecipitation sequencing and RNA

sequencing, we identified about 50 genomic regions that represent osteoblast- or chondrocyte-distinct

patterns of gene expression and epigenome. These regions, which have been already verified in transgenic

animals, are supposed to work as marker regions in the cell assessment.
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