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This research aims to develop in vitro carcinogenicity and immunotoxicity test methods for advanced materials (AdMa)

that are extrapolatable to humans, particularly for those expected to be utilized in pharmaceuticals and medical devices.
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With the enactment of the FDA Modernization Act 2.0 in December 2022, there is an increasing need for safety
evaluation using alternative animal testing methods. Therefore, developing AdMa safety evaluation methods that can be
extrapolated to humans and align with international trends is an urgent task. We believe that by utilizing these developed
methods, the carcinogenicity and immunotoxicity of advanced materials will be elucidated, enabling the assessment of
their health effects on humans. The Research Project Leader collected data information through the AdMa international
trend survey and physical property measurements, and fed back the knowledge to the Research and Development Staft 2
and 3, thereby contributing to the construction of a highly accurate safety evaluation data set and the promotion of
research.

In the international trend survey, the health effects of graphene were discussed at the OECD AdMa Safety Assessment
SG, and the usefulness of the US FDA's nanomaterial toxicity assessment at the Nanocarrier WS. In addition, the status
of efforts regarding test guidelines and guidance at OECD WPMN24 and the trends of the US EPA were shared.
Regarding the physical properties of the test substances, primary particle size was measured using TEM/SEM, and
secondary particle size was measured using DLS. In a joint research project with domestic companies, graphene peaks
derived from GO and rGO were observed using a Raman microscope, and the uptake of the two graphenes into GDL1
cells was successfully observed. In the carcinogenicity evaluation by the Research and Development Staff 2, the aim was
to construct a carcinogenicity evaluation system using a 3D culture model (organoid) of AdMa used in pharmaceuticals
and medical devices that can be extrapolated to humans. Initial studies in 2D culture showed that mesoporous silica and
graphene oxide showed cytotoxicity and mutagenicity, suggesting the involvement of inflammation and oxidative stress
in the cytotoxicity. In 3D culture, the optimal toxicity test method using mouse hepatic progenitor cell organoids was
examined, and a dome-shaped culture method and trypan blue dye exclusion method were adopted. Organoid stability
was also confirmed at two facilities. AdMa was also taken up into the organoids by fluorescent silica, suggesting that the
test substance was also taken up. In the cytotoxicity evaluation using organoids, mesoporous silica, graphene oxide, and
two types of nanosilica reduced cell viability, suggesting cytotoxicity in the 3D culture model. In the genotoxicity test,
mesoporous silica and graphene oxide increased the frequency of micronuclei, suggesting genotoxicity. These results
suggest that animal organ-derived organoids can be used as an alternative to conventional in vivo toxicity tests to
evaluate safety under conditions closer to the living body, and are useful for application to human organ-derived
organoids and for evaluating human extrapolation. In the immunotoxicity evaluation study of the Research and
Development Staff 3, we aimed to construct an in vitro immunotoxicity evaluation system using neutrophil extracellular
traps (NETs) formation as an indicator to replace conventional animal experiments. dHL-60 cells were used as an
alternative model, and when GO was added, concentration-dependent NETs formation was confirmed, and the
reproducibility was shown to be very high.

Hydroxyl radical generation was detected by adding GO, suggesting the induction of typical NETosis. Furthermore,
similar results were obtained with nanosilica (samples A and B) and mesoporous silica, which were positive for skin
sensitization, and the hydroxyl radical generation intensity and NETs formation ability in ESR matched the sensitization
intensity by the h-CLAT method. This suggests the possibility of NETs formation via ROS generation by the particles
themselves and activation of the NADPH oxidase pathway. The above results suggest that the in vitro NETs evaluation
system using dHL-60 cells is useful for screening the immunotoxicity of nanomaterials. In the future, we plan to expand
the validity and applicability of this system through application to various AdMa and verification of the NETs induction
mechanism, and provide data useful for safety evaluation. We think that the results of this research group will provide
valuable feedback for the formulation of future guidelines and will be an important contribution in paving the way for

new test guidelines.



