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By drug-repositioning study, we have found that sodium phenylbutyrate (NaPB), an approved drug for
urea cycle disorders, had novel pharmacological effect to facilitate bile flow formation (choleretic action).
Aim of this project is to identify new drug target for refractory intrahepatic cholestasis, a condition where
bile flow is severely decreased, based on our basic and clinical evidences regarding the choleretic action
of NaPB, and to pave the way to develop the world’s first medication for refractory intrahepatic cholestasis
instead of liver transplantation (LTx). The details are described below.

There are many kinds of pediatric and adult liver diseases which could be improved by treatment of
refractory intrahepatic cholestasis. However, the only therapeutic approach currently available for refractory
intrahepatic cholestasis is LTx. Therefore, the development of new, less invasive medical therapy is of the
highest priority. Bile salt export pump (BSEP), a transporter expressed in the canalicular membrane of
hepatocytes, mediates biliary excretion of bile acids, which provides osmotic driving force for bile formation.
We searched for agents to increase the cell surface expression of BSEP and identified NaPB. In the patients
with progressive familial intrahepatic cholestasis type 2 (PFIC2), a refractory pediatric liver disease, therapy
with NaPB markedly increased the abundance of BSEP in the liver and improved biochemical liver tests
and liver histology. Clinical trial (UMIN000024753) to develop the drug for PFIC2 is underway. The choleretic
action by NaPB is not so potent, which causes poor medication adherence due to the large amount of its
effective dosage. Therefore, development of more potent choleretic agent than NaPB is indispensable to
establish the comprehensive medication for liver diseases with refractory intrahepatic cholestasis.

Based on our previous finding that the choleretic action of NaPB was derived from inhibiting ubiquitination
and subsequent degradation of the cell surface-resident BSEP (csBSEP), this project identifies molecules
responsible for the ubiquitination of csBSEP, validates their availability for drug target for refractory
intrahepatic cholestasis using genetically engineered mice, and launches new project of drug discovery
targeting the molecules together with pharmaceutical company.

We developed two experimental systems, high content analysis and quantitative proteomics, to find the
candidate molecules. The former is for library screening and the latter is to understand molecules that can
interact with BSEP in liver. Both systems found dozens of positive molecules. After choosing potent
molecules by existing information like molecular function and tissue and cellular distribution, we tested
whether these genes affect ubiquitination, degradation, and expression of csBSEP in immortalized
hepatocyte cell lines and identified four uncharacterized genes. Next, we constructed gene knockout mice
and examined ubiquitination status, expression, and function of BSEP on the canalicular membrane of
hepatocytes. Through these analyses, we have identified a potent drug target for refractory intrahepatic
cholestasis. Based on this finding, collaboration project with pharmaceutical company is underway to

develop the drug.



