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1. Background and purpose

Recently, decellularized tissues made from biological tissues with cellular components removed
have been developed, and many products have been released in the United States and other countries
Research and development of medical devices using decellularized tissues derived from animals or
iPS cells is also underway in Japan. This study aims to identify unknown risks associated with
medical devices using decellularized tissues and to develop methods to evaluate their quality and

safety.

2. Summary of results

We identified unknown risks associated with medical devices using decellularized tissue and
developed methods to adequately assess their quality and safety. Based on these results, we
collaborated with the “Development of guidance for the approval process of brand — new medical
devices and cellular and tissue-based products” project to prepare a report and guidance for
medical devices using decellularized tissue. This guidance was issued as a notification by the
Director of the Medical Device Evaluation Division, Pharmaceutical Safety Bureau, Ministry of

Health, Labor and Welfare, after public comment.

1) Studies on identification and evaluation of residues in medical devices using decellularized
tissue.

As part of the development of methods for identifying and evaluating residual substances, we used
model materials (undecellularized porcine vascular tissue) and actual products (decellularized
tissue) to develop methods for evaluating the residual biosubstances such as nucleic acids and
proteins, as well as decellularization reagents. It was possible to detect nucleic acids in pg/g
(dry weight sample) using by UV and fluorescence detection, steroid hormones in pg/g using LC-MS,
and proteins and glycoproteins in the ng/g to pg/g order using by immunofluorescence detection. In
addition, proteome analysis using LC-QTOFMS confirmed the compositional changes due to
decellularized treatment in porcine vascular tissue, it was possible to compare the quantitative
relative intensities of cytoskeleton maintenance, circulatory system, and ECM composition-related

protein groups with and without treatment

2) Study on a possibility to develop a new biocompatibility test method using macrophage phenotype
as its indicator

We tried to establish a novel method for evaluating biocompatibility by evaluating the polarization
state of various types of macrophage—like cells after their interaction with decellularized tissues
Using two different types of human—derived cells, we examined immunofluorescence staining for
surface markers of inflammatory cells (M1) and anti-inflammatory cells (M2). As a result, we
identified possible surface antigens that can be used as M1 and M2 markers and found that the
intensity ratio of the fluorescence images obtained by double staining can be used to evaluate
their polarization state. Additionally, results of preliminary investigations for effects of
culture medium extracts of decellularized tissue on cell polarization suggested that the extracts
inhibit M1 polarization of the cells

On the other hand, using genetically modified cells which emit light in response to the expression



of M1 marker molecule, the polarization state of the cells directly interacted with decellularized
tissue was evaluated to estimate the effects and causes of decellularized tissue on the polarization
of inflammatory cells. The results suggested that the anti-inflammatory effect of decellularized
tissue is not only due to the tissue structure after decellularization but also to extracellular

vesicles and cells and proteins remaining after processing.

3) Study on identifying problems and their solutions

We tried to identify issues arising from the application of conventional testing methods for
evaluating the cytotoxicity of medical devices to decellularised tissues and explored potential
solutions. The results of colony formation test, NRU test, and WST test (similar to XTT test)
indicated that decellularised tissues are evaluated as non—cytotoxic even under current evaluation
criteria. However, in the colony formation assay, observations such as abnormal cell morphology in
colonies and a decrease in the number of cells within colonies suggested that the extract solution
from decellularised tissue does not affect colony formation rate but may influence cell
proliferation rate and colony morphology. On the other hand, in the Elution test, which uses cell
morphology as the evaluation criterion, numerous cells with loose adhesion and round shapes were
observed, and these were judged to be cytotoxic according to the current evaluation criteria
Considering these results, it was considered that determining the toxicity grade of decellularised
tissue solely based on changes in cell morphology could lead to false—positive judgments. To
address these issues, we compared the components of the untreated culture medium and the extract
(culture medium) from decellularized tissue. As a result, several components were identified that
differed between the two. Clarifying the relationship between these components and cell morphology
and proliferation is expected to lead to improvements in test methods specific to decellularised

tissue (mainly the extraction process).

4) Research on mechanical characterisation methods

In this project, the mechanical effects of decellularisation and sterilisation were confirmed,
and the effects on various mechanical properties were clarified depending on the sampling site,
its direction and the in vivo tension status of the collected tissue. The decellularisation and
sterilisation conditions used in this project in the porcine aorta did not have a significant
effect on mechanical properties, but it is necessary to confirm the effect on performance under
commercialisation conditions to see to what extent this difference affects clinical results, as
the effect differs depending on the site used and treatment conditions

In addition, a biaxial tensile test method was developed as a mechanical property evaluation
method, enabling a detailed evaluation of the effect of decellularisation treatment on the
mechanical properties of vascular tissue, and suggesting the possibility of its use in future

evaluations.



