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The objective of this research is to understand the latent mechanisms of occupational cholangiocarcinoma
related to the exposure to halogenated solvents and to explore the candidates of serum biomarkers relating to the
mechanisms. In this project, we (Pl, Tappei Takada; Associate Professor, Department of Pharmacy, the
University of Tokyo Hospital: Co-I, Yu Toyoda; Project Assistant Professor, Department of Pharmacy, the
University of Tokyo Hospital) have successfully revealed that the potentially carcinogenic metabolites derived
from 1,2-dichloropropane (1,2-DCP) were excreted into bile, which would contribute to the deeper understanding
of cholangiocarcinoma biology.

In 2014, the International Agency for Research on Cancer issued a warning about the carcinogenicity of 1,2-
DCP to humans based on an epidemiological study suggesting a relationship between the incidence of
cholangiocarcinoma and occupational exposure to halogenated hydrocarbon solvent comprised mostly of 1,2-DCP.
Although this dihaloalkane has been used in various industrial fields, there has been no biological evidence
explaining the cholangiocarcinoma latency, as well as little understanding of general cholangiocarcinomarisk. In
this project, we explored the biliary excretion of 1,2-DCP metabolites by an untargeted metabolomics approach
and the related molecular mechanism with in vitro and in vivo experiments. We hypothesized that the biliary
excretion of carcinogens derived from 1,2-DCP contribute to the increased cholangiocarcinoma risk. We found
that 1,2-DCP was conjugated with glutathione (GSH) in the liver, and that the GSH-conjugated forms of 1,2-DCP
(GS-DCPs), including a potential carcinogen that contains a chloride atom, were excreted into bile by the bile
canalicular membrane transporter, ABCC2. This biliary secretion of potential carcinogens was also confirmed in
humanized-liver mice, supporting the extrapolation of our results to humans. In addition, in order to identify the
candidates for biomarkers related to the exposure to 1,2-DCP, we analyzed the metabolic changes in serum.
Although most of them were mostly excreted into bile, we also found that some metabolites of 1,2-DCP were
detectable in blood. Such metabolites might be good serum biomarker candidates. These results may reflect a
risk in the backfiring of biliary excretion as connatural detoxification systems for xenobiotics. Our findings
would contribute to uncover the latent mechanism by which the chronic exposure to 1,2-DCP increases
cholangiocarcinoma risk and future understanding of cholangiocarcinoma biology. These results were published
in Scientific Reports, Apr 18;6:24586, 2016.

As described above, by using 1,2-DCP-administered animal models, we found biliary excretion of
potentially oncogenic metabolites consisting of GS-DCPs; however, the GS-DCP-production pathway remains
unknown. To enhance the understanding of 1,2-DCP-related risks to human health, we examined the reactivity
of GSH with 1,2-DCP in vitro and compared it to that with dichloromethane (DCM), the other putative substance
responsible for occupational cholangiocarcinoma.  Our results showed that 1,2-DCP was spontaneously
conjugated with GSH, whereas this spontaneous reaction was hardly detected between DCM and GSH.  Further
analysis revealed that glutathione S-transferase theta 1 (GSTT1) exhibited less effect on the 1,2-DCP reaction as
compared with that observed for DCM. Although GSTT1-mediated bioactivation of dihaloalkanes could be a
plausible explanation for the production of reactive metabolites related to carcinogenesis based on previous studies,
this catalytic pathway might not mainly contribute to 1,2-DCP-related occupational cholangiocarcinoma.
Considering the higher catalytic activity of GSTT1 on DCM as compared with 1,2-DCP, our findings suggested
differences in the activation processes associated with 1,2-DCP and DCM metabolism.  These results were

published in Oxidative Medicine and Cellular Longevity, 2017 in press.
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