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Abstract
Background: Articular cartilage covers the ends of bones and forms joint surfaces, absorbing shocks and

providing lubrication. Cartilage consists of chondrocytes embedded in abundant extracellular matrix (ECM)
produced by chondrocytes. Articular cartilage has limited capacity for repair and therefore does not heal
when get damaged. Cell therapies including implantation of chondrocyte or mesenchymal stem cells have
been performed or studied to treat damage in articular cartilage. However, the repair tissue formed by these
cell therapies contains fibrous tissue which is scar-like and inferior in mechanical function to the healthy
hyaline cartilage. The probable reason is that implantation of cells alone to damaged area which lacks
cartilage ECM results in loss of chondrocytic characters of implanted cells and does not produce cartilage.
We therefore have developed a method to create hyaline cartilaginous particles (®1~3 mm) from induced
pluripotent stem cells (iPSCs). Like native cartilage, iPSC-derived cartilage particles (iPS-Carts) are the

structure of chondrocytes being surrounded by cartilage specific extracellular matrix.

Results and Discussion: To start investigator-initiated clinical study of transplanting iPS-Carts into patients
with partial articular cartilage damage, we upgraded production method of iPS-Carts for clinical use. We
initially produced iPS-Carts using Matrigel derived from mouse Engelbreth-Holm-Swarm tumors which may
be not compatible for clinical use. We could not produce iPS-Carts when we cultured iPSCs on culture dish
coated with laminin 511-E8, which was developed to replace Matrigel. Then, we found that use of bioreactors
solved issues and developed a clinically applicable production method of iPS-Carts.

We developed quality control methods for iPS-Carts including assessment of residual iPSC
contamination and confirmed that iPS-Carts were effectively and safely produced in a cell processing center
(CPC) under the defined standard operating procedures. We next obtained various data for pre-clinical studies.
1PS-Carts spontaneously integrate with each other in vitro. When transplanted to fill the defects of articular
cartilage in rat and pig models, iPS-Carts formed repair tissue by integrating with each other and with
adjacent host tissue. Cartilage is known to have low immunogenicity and allogenic cartilage has thus been
transplanted clinically in an allogenic manner without the use of immunosuppressive drugs. However,
whether the transplanted allogenic cartilage causes an immune reaction has not been analyzed in detail. We
therefore investigated immunogenicity of iPS-Carts. A mixed lymphocyte reaction assay showed that iPS-
Carts simulated the proliferation of neither T cells nor the activation of NK cells. Furthermore, we revealed
that allogenic iPS-Carts survived and integrated with host cartilage without immune reaction at least four
months in a primate model of chondral defects in the knee joints. Regarding safety assessment, we developed
an in vitro tumorigenic evaluation system and confirmed that cells in iPS-Carts reached growth arrest and
senescence. We did various safety studies including in vivo tumorigenic assay with life-long observation
period, general toxicity study, karyotype analysis, impurity tests, and whole genomic analysis and confirmed
that results from safety assessments were acceptable. We thus applied a clinical research plan and the
document was approved from Health Science Council. We are performing a clinical study of transplanting

allogenic iPS-Cart particles into patients with focal damage in articular cartilage in knee joints.
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To develop transplants that can treat more extensive cartilage lesions than focal lesions, we have developed
large size cartilage plate from iPSCs by utilizing the character that iPS-Cart integrate spontaneously. We have

been performing preclinical tests to assess efficacy and safety of iPSC-derived cartilage plates.



