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Cholangiocarcinoma (CCA) is a deadly malignancy originating from the
cholangiocytes lining the biliary tree. Surgical resection is a gold standard treatment,
but most of CCA patients are inoperable due to diagnosed at advanced state.
Currently, systemic chemotherapy and targeted therapy are recommended for the
inoperable patients or metastasis but the poor response to these therapies is a major
obstacle. The ubiquitin-proteasome system (UPS) is a major protein degradation
pathway to maintain the proteostasis and cellular function especially those proteins
involve in cell growth and survival. Targeting UPS in the treatment of solid malignancies
has been established due to chromosome abnormalities and gene mutation, leading
to high production of mutated proteins in cancer cells. Piperlongumine (PL) is a
biologically active alkaloid that selectively kill various cancer cells including CCA
through the induction of reactive oxygen species (ROS). The role of PL has also been
shown via inhibiting ubiquitin-proteasome system. In current study, we focused on the
mechanism of PL-induced CCA cell death via ubiquitin-proteasome system and the
therapeutic potential of combined PL and proteasome inhibitor bortezomib for CCA.
The result of present study demonstrated that single treatment (PL or BTZ) inhibits
CCA cell growth. The combined treatment with PL with Bortezomib (BTZ) showed the
synergistic interaction in CCA cell lines demonstrating via the combination index less
than 1. The synergistic interaction between PL and BTZ on CCA growth was confirmed
by down-regulation of cell cycle markers (CCND1, and CCNB1, c-Myc and BIRCS). PL
induced the accumulation of poly-ubiquitinated proteins in CCA cells but no effect on
proteasome activity. The combined treatment with PL and BTZ amplified the
accumulation of poly-ubiquitinated proteins in CCA cells, leading to endoplasmic
reticulum stress response stress by the induction of XBP1splicing to spliced XBP1

(XBP1s) mRNA. Moreover, PL-combined BTZ promotes the activation of proapoptotic



unfolded protein response via ATF-CHOP axis. Taken together, our findings showed
that PL induced CCA cell death via the increase of the accumutation of the poly-
ubiquitinated proteins. PL enhances anti-cancer activity of BTZ via ER stress-induced
CCA cell death. Thus, combined treatment with PL and BTZ could be the therapeutic
option for CCA.
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