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Organ transplantation is an established treatment for patients with end-stage organ failure.
However, the shortage of donor organs remains a serious problem in Japan and many other
countries worldwide. Xenotransplantation using pig organs has been studied as a possible
solution, partly because pigs are considered suitable donor animals in terms of organ size
and controlled breeding. However, its clinical use is limited by immune rejection,

coagulation problems, and infection risk.

Recent advances in genetic modification technology, microbial control of donor animals,

immunosuppressive therapy, and organ preservation have made xenotransplantation using
genetically modified pig organs more clinically applicable. Genetically modified pig heart
and kidney transplants have been reported overseas, and clinical trials using genetically
modified pig kidneys have begun in the United States. However, producing genetically
modified pigs is insufficient. Before these organs can be used in patients, it is necessary
to clarify how their quality, efficacy, and safety can be evaluated. This includes donor
animal management, pathogen control, confirmation of genetic modification, organ
procurement and preservation, immune response, non—clinical evaluation, record keeping,

and long—term follow—up.

In this study, we examined the evaluation methods for animal-derived organs, especially
genetically modified pig kidneys, intended for transplantation. We studied infection
control from the production and rearing of designated pathogen-free (DPF) pigs to pre-—
transplant evaluation. We also examined the infectivity and immunogenicity of genetically
modified DPF pig organs, nonclinical kidney xenotransplantation using nonhuman primates

pathological evaluation, and regulatory issues in Japan and other countries. These results
were used to prepare draft guidelines for the quality and safety evaluation of genetically
modified pig kidney products

In the draft guideline work, we considered genetically modified pig organs as organ products
intended for medical use. Unlike cell or tissue products, organs are affected by the donor
animal, procurement, preservation, and transport. Therefore, it is important to trace the
process from the source animal to the final organ, link pathogen test results and health
records with organ evaluation, and maintain records and samples for later review. We also
considered issues related to infection risk management and long—term follow—up at the
clinical research stage, as well as the quality and safety issues required for future
evaluation as organ products

For infection control, we examined the process from DPF pig production and long—term
rearing to transport and pre—transplant pathogen testing. For pathogen testing, we used
PCR-based detection as a basic method and also considered how to evaluate risks that cannot
be judged by PCR alone, including the risk of porcine endogenous retrovirus (PERV). This
helped organize the idea that safety evaluation should consider not only pathogen sequences
but also their infectivity and pathogenic potential

For nonclinical evaluation, we used pig—to—cynomolgus monkey kidney xenotransplantation.
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We examined the surgical procedures, perioperative care, immunosuppressive therapy,
infection monitoring, immune evaluation, kidney function, and pathological evaluation.
This study helped organize the evaluation items needed for xenotransplantation, including
immune compatibility, complement activation, vascular injury, coagulation-related injury,
graft pathology, and monitoring of pig—derived pathogens

This study provides a basis for discussing how genetically modified pig organs should be
evaluated before clinical use in Japan. By linking DPF pig management, pathogen testing,
nonclinical kidney xenotransplantation, pathology, and regulatory considerations, this
study provides key information for a draft guideline for genetically modified pig kidney
products. In the future, this work may support further discussion with related organizations
and help develop a domestic evaluation framework for organ quality control, infection risk
management, immune compatibility, nonclinical proof-of-concept evaluation, patient

selection, and long—term follow—up.



