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Chemoresistance is the main aspect in the cholangiocarcinoma (CCA) treatment. Therefore, a
novel treatment strategy is an urgent need to develop effective chemotherapeutic protocols for
treating CCA. Recently, redox-modulating strategies using piperlongumine (PL) become one of
potential treatment for CCA patients. Piperlongumine (PL) is a known ROS inducer, and killed
CCA cells by inducing G2-M phase arrest via ROS-JNK-ERK pathway. However, differential
response to PL was observed in among all CCA cells which underlying mechanism is still unclear.
The objective of this study was to investigate the molecular mechanisms of PL resistance to
increase PL susceptibility on CCA cells. We first determined the basal mRNA expression levels
of phase Il detoxification enzymes and antioxidant proteins in CCA cells. High expressions of
phase Il detoxification enzymes (such as NADPH quinone oxidoreductase-1 (NQO-1), heme
oxygenase-1 (HO-1), superoxide dismutases (SOD), and aldo-keto reductase 1 subunits C-1 and
3 (AKR1C1 and AKR1C3) were detected in KKU-100 which was least sensitive to PL in among
all CCA cells (KKU-213 and KKU-214). Up-regulation of HO-1 expression via AKT activation was
clearly detected in PL-treated CCA cells in a dose-dependent manner. Inhibition of HO-1 by
chemical inhibitor, ZnPP, or specific siRNA eliminated their antioxidant defense machinery and
lead to increased anti-tumor activity of PL in CCA cell lines via the increment of intracellular ROS
level and upregulation of apoptotic proteins. These observations suggest that inhibition of

Nrf2/HO-1 axis could enhance chemosensitizing effect of PL in CCA.
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