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II. Overview of Research and Development

Background and objective

Intervertebral disc (IVD) degeneration accounts for 22—42% of patients with low back pain (LBP). Existing
treatments for LBP mainly focus on pharmaceutical treatment, physical therapy or surgical spinal fusion,
and no fundamental therapy has been established to regenerate the degenerated intervertebral disc itself.
We have demonstrated that transplantation of human iPS cell-derived nucleus pulposus-like tissue (hiPS-
NP) into the intervertebral disc after discectomy results in survival of the transplanted cells and promotes
intervertebral disc regeneration. This study aims to obtain non-clinical proof of concept (PoC) to bridge these

findings toward clinical application.

Results and Discussion

Efficacy Study Using a Nude Rat Caudal Disc Model

Transplantation of hiPS-NP was performed, and methods for transplantation, prevention of hiPS-NP
extrusion, postoperative management, imaging evaluation, and histological evaluation were established. In
long-term evaluation up to 6 months post-transplantation, survival of the transplanted cells was confirmed
by human vimentin immunostaining. Additionally, structural and histological destruction of the
intervertebral disc following nucleus pulposus removal was shown to be suppressed.

Efficacy Study Using a Mini-pig Model

Using a mini-pig discectomy model as a large animal model subjected to disc loading, efficacy studies of hiPS-
NP transplantation were conducted. Protocols with and without immunosuppressants were established,
along with surgical procedures, observation periods, imaging evaluation using CT and MRI, and histological
evaluation methods including tissue staining. Furthermore, Al-based pain behavior analysis was introduced,
and data supporting both disc regeneration and pain relief effects of hiPS-NP transplantation were obtained.
Mechanical property analysis of the intervertebral discs following hiPS-NP transplantation was also
performed using a mechanical testing system, providing data to evaluate their biomechanical characteristics.
Establishment of hiPS-NP Production Method

To ensure stable production of hiPS-NP suitable for non-clinical studies and future clinical application,
manufacturing conditions were optimized, and an improved method capable of producing nucleus pulposus-
like tissue of appropriate size for transplantation was established. All manufactured lots passed quality
standards, confirming their suitability for non-clinical studies. Optimal conditions for measuring mechanical
properties of hiPS-NP using a mechanical testing system were also investigated, and mechanical test data
were obtained.

Elucidation of Nucleus Pulposus Differentiation Mechanism

To clarify the differentiation process of hiPS-NP, scRNA-seq analysis was conducted using samples collected
with time course after the differentiation of hiPS-NP. A cell population negative for nucleus pulposus markers
was identified as a cluster corresponding to impurities, leading to the discovery of new impurity markers,
which were subsequently incorporated into quality control methods.

Preparation of Clinical Research Application Documents

In preparation for initiating clinical research using hiPS-NP, necessary documents for application under the

Act on the Safety of Regenerative Medicine were prepared and organized.



