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Summary

[Introduction]

The cancer risk associated with arsenic exposure is a global concern. There have been worries
about the carcinogenic effects of arsenic in Japan, even though the intake amounts of inorganic
arsenic derived from seafood and other foods are minor. However, the carcinogenicity of inorganic
arsenic, especially the underlying mechanisms of carcinogenesis, remains to be fully understood.
Therefore, it is both urgent and important to elucidate the carcinogenic mechanisms of inorganic
arsenic in humans and to establish a system for evaluating carcinogenic risk. The aim of the current
studies was to elucidate the metabolism and carcinogenic mechanisms underlying urinary bladder
carcinogenicity of inorganic arsenice using a humanized liver mouse model, immortalized human
normal bladder epithelial cells, and a rat urinary bladder carcinogenesis model.

[Methods and Results]

To investigate arsenic metabolism, we administered inorganic arsenic (iAs™ and iAsY) to humanized
liver mice and host mice (wild mice). We found that the concentration of MMAY was significantly
higher in humanized liver mice than in host mice. This is consistent with previous reports suggesting
that humans exhibit lower methylation metabolism for inorganic arsenic compared to mice. Finally,
a comprehensive gene expression analysis in the liver and bladder showed substantial differences
in the expression-changing gene profiles resulting from iAs™ and iAs¥ administration between
humanized liver mice and host mice.

In our in vitro arsenic toxicity evaluation studies using immortalized human normal bladder
epithelial cells, we found that iAsY, As™, MMA™, DMA™, and DMATA', are highly toxic than DMAY and
MMAY. Furthermore, our analysis of gene expression changes revealed that oxidative stress
responses were activated by all the arsenic compounds tested. On contrast, pathways such as cell
death, cell proliferation, and differentiation exhibited compound-specific characteristics. In addition,
we successfully developed a three-dimensional bladder model using immortalized human normal
bladder fibroblasts and immortalized human normal bladder epithelial cells. This model more closely
mimics the in vivo environment of the bladder mucosal epithelium. We also demonstrated that this
3D model exhibits greater resistance to arsenic toxicity compared to the two-dimensional culture.

To examine the epigenetic abnormalities induced by arsenic, we identified DNA methylation
anomalies involved in bladder carcinogenesis using a DMAV-induced rat bladder cancer model and



normal rat bladder mucosa. Additionally, we demonstrated that these DNA methylation abnormalities
play a role from the early stages of carcinogenesis in DMAY-induced bladder cancer.

[Discussion]

Our results showed that Humanized liver mice is a model that reflects arsenic metabolism in the
humans, and it is extremely useful in analyzing the mechanism of toxic effects of arsenic in the
humans.

Studies using immortalized human normal bladder epithelial cells suggest that in addition to
inorganic arsenic, high toxic metabolites MMA", DMMTAY, and DMA'" should be considered when
evaluating the toxic effects of arsenic intake from food in Japan. Furthermore, we believe that the
toxicity of inorganic arsenic and its metabolites due to combined exposure can be assessed more
accurately by using a three-dimensional culture bladder model.

We also identified genes affected by DNA methylation abnormalities from the early stages of
carcinogenesis in DMAV-induced rat bladder cancers. This finding not only confirms the existence of
epigenetic abnormalities triggered by arsenic, but also verifies their role in the arsenic-induced
urinary bladder carcinogenesis.

[Conclusion]

Our findings possess high extrapolability to humans and directly contribute to assessing the toxicity
and carcinogenic risk of inorganic arsenic in humans. They are expected to significantly contribute
to the maintenance and improvement of public health.
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