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    Abstract

        Oxysterols are intermediates in the synthesis of bile acids and steroid hormones from cholesterol and function as ligands for liver X receptor (LXR). Bile salt export pump (BSEP) is responsible for canalicular secretion of bile acids and is tightly regulated by its substrates bile acids through nuclear receptor farnesoid X receptor (FXR). In a microarray study using human hepatocytes, BSEP was markedly induced not only by chenodeoxycholic acid (CDCA) but also by oxysterol 22(R)-hydroxycholesterol [22(R)-OHC]. We hypothesized that the expression of BSEP was induced by oxysterols through activation of LXR. To test the hypothesis, human primary hepatocytes or hepatoma cells were treated with 22(R)-OHC, and expression of BSEP was determined. The level of BSEP mRNA was increased as much as 5-fold upon oxysterol induction. In contrast to our hypothesis, the oxysterol-induced up-regulation of BSEP is mediated through FXR but not LXR. BSEP promoter activity was markedly induced by 22(R)-OHC in the presence of FXR but not LXRs. Mutation of the FXR element IR1 in the BSEP promoter significantly reduced its ability to respond to oxysterol induction. To determine whether 22(R)-OHC and CDCA bind to similar structural features of FXR, site-directed mutagenesis was performed in the FXR ligand binding domain. Mutation of residues R331 and I352 abolished activation mediated by CDCA and 22(R)-OHC. In contrast, substitution of residues L340 and R351 differentiated CDCA- and 22(R)-OHC-mediated activation. In conclusion, oxysterol 22(R)-OHC functions as an FXR ligand to induce BSEP expression and differs in the binding with FXR from CDCA.
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        ABBREVIATIONS: LXR, liver X receptor; BSEP, bile salt export pump; CDCA, chenodeoxycholic acid; FXR, farsenoid X receptor; IR1, inverted repeat spacing by one nucleotide; CYP7A1, cholesterol 7α-hydroxylase; 22(R)-OHC, 22(R)-hydroxycholesterol; LBD, ligand binding domain; DMSO, dimethyl sulfoxide; DMEM, Dulbecco's modified Eagle's medium; PCR, polymerase chain reaction; PXR, pregnane X receptor; 6ECDCA, 6α-ethyl-chenodeoxycholic acid; RT-PCR, reverse transcription coupled-polymerase chain reaction; LXRE, LXR element; wt, wild type; Mut, mutant; RXR, retinoid X receptor; ETOH, ethanol; RIF, rifampicin.
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