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Supplementary Fig. S1. Tandem MS of LPC16:0 (A), LPC18:0 (B), LPC18:1 (C), and LPC18:2 (D). MS2 

fragmentation was conducted with collision energy at 10 eV.
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Supplementary Fig. S2. Fenofibrate recovered the disturbed bile acid levels in duodenum (A) and jejunum (B) 

caused by LCA. All data were represented as mean ± SEM (n=5). *P<0.05, **P<0.01, and ***P<0.001 verse 

control; #P<0.05, ##P<0.01, and ###P<0.001 verse LCA.
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Supplementary Fig. S3. Fenofibrate increased hepatic protein expression of MRP3 and CYP8B1. (A) Western 

blot was used to measure MRP3 and CYP8B1. (B) Specific band intensity was quantified, normalized to β-actin, 

and expressed as the mean ± SEM (n=3). *P<0.05 and ***P<0.001 verse control; #P<0.05 and ###P<0.001 verse 

LCA.
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Supplementary Fig. S4. Fenofibrate recovered the disturbed SM-CM homeostasis. (B) QPCR analysis of SM 

synthesis-related genes. (B) QPCR analysis of SM metabolism-related genes. (C) QPCR analysis the CM 

synthesis-related genes. Values represented fold change after normalization to control. All data were represented 

as mean ± SEM (n=5). *P<0.05 and ***P<0.001 verse control; ##P<0.01 and ###P<0.001 verse LCA.
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Supplementary Table S1. Primer sequences for qRT-PCR.

Abbreviation Gene Sequence
CCGCCACCTTCAATCCAGAG

Acox1 Acyl-CoA oxidase 1
CAAGTTCTCGATTTCTCGACGG
GGAACAATTGTGAATGGGCT

Aim2 Absent in melanoma 2
TTGTCTCCTTCCTCGCACTT
CCAGAACATGACAAACGGAA

Bsep Bile salt export pump (Abcb11)
AAGGACAGCCACACCAACTC
TACCTGGCAGGAATTCTGGA

Casp1 Caspase 1
AGTCCTGGAAATGTGCCATC
CGACCAGGGCATCAAAAACTT

Cat Catalase
AACGTCCAGGACGGGTAATTG
AGGTCCCTGTCATGCTTCTG

Ccl2 Chemokine (C-C motif) ligand 2
GGGATCATCTTGCTGGTGAA
CTCTGTCCTTAAAGCGGCTTAC

Cd14 CD14 antigen
GTTGCGGAGGTTCAAGATGTT
AAAGTGCTCTTGCGGCTCTA

CHKa Choline kinase α
GACCTCTCTGCAAGAATGGC
GCAGAGGTTCAGAAGGGTGA

CHKb Choline kinase β
CCCCAGAAAAAGTGAGATGC
CATCAACCTGGTCACCACAC

CHPT1 Choline phosphotransferase 1
CCCAGGGCACATAAAAGGTA
ACATGTTCAGCTTTGTGGACC

Col1a1 Collagen, type I, alpha 1
TAGGCCATTGTGTATGCAGC
CCTCTCATGGTGAACAGCAA

Cpt 1b Carnitine palmitoyltransferase 1
GGTCCAGTTTACGGCGATAC
CAGCACAGCATCGTACCCA

Cpt 2 Carnitine palmitoyltransferase 2
TCCCAATGCCGTTCTCAAAAT
GAAAACTCCTTGGGTCAGCACTCybb Cytochrome b-245, beta polypeptide
ATTTCGACACACTGGCAGCA
GGGAATGCCATTTACTTGGA

Cyp7a1 Cholesterol 7α-hydroxylase
GTCCGGATATTCAAGGATGC
TCCTCAGGGTGGTACAGGAG

Cyp8b1 Sterol 12α-hydroxylase
GATAGGGGAAGAGAGCCACC
CAGCGACAGAGCCAGAATAA

Ddit3 DNA-damage inducible transcript 3
GACCAGGTTCTGCTTTCAGG
AATGGGTCTACACGGACCAG

DEGS1 Degenerative spermatocyte homolog 1
TGGTCAGGTTTCATCAAGGAC
TCGAGGGCGAGAGAAGTTTA

ENPP2 Ectonucleotide pyrophosphatase/phosphodiesterase 2
AAAAGAATGTCCCGGCTCTC
TGGACTGGTGGTGCTCG

Gpx1 Glutathione peroxidase 1
CGTCACTGGGTGTTGGC
CTGTACATTGTGGCTTTCGC

LASS1 LAG1 homolog ceramide synthase 1
GGCTGTCTGAGCTTCCAGAG
AAGTGGGAAACGGAGTAGCG

LASS2 LAG1 homolog ceramide synthase 2
ACAGGCAGCCATAGTCGTTC
CCCTGCAGCTGGAGAGTGTGGA

IL-1 Interleukin-1
TGTGCTCTGCTTGTGAGGTGCTG
TGATGCACTTGCAGAAAACAIL-6 Interleukin-6
ACCAGAGGAAATTTTCAATAGGC
CACGAGCTGCGACTGAGC

LPCAT1 Lysophosphatidylcholine acyltransferase 1 
ATGAAAGCAGCGAACAGGAG
ACCTGTTTCCGATGTCCTGA

LPCAT2 Lysophosphatidylcholine acyltransferase 2 
CCAGGCCGATCACATACTCT
AGCCTTAACAAGTTGGCGAC

LPCAT3 Lysophosphatidylcholine acyltransferase 3
ATGCCGGTAAAACAGAGCC
GAGTTACACCTCTCCGGCCT

LPCAT4 Lysophosphatidylcholine acyltransferase 4
GGCCAGAGGAGAAAGAGGAC
CCTTCACGGATTGGGAGATA

LYPLA1 Lysophospholipase A1
GGGGCATGTGGACAGATGTA
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Supplementary Table S1. (Continued)

Abbreviation Gene Sequence
TCCAGGACCAAGAGATTTGCMrp2 Multidrug resistance protein (Abcc2)
TCTGTGAGTGCAAGAGACAGGT
CTGGGTCCCCTGCATCTACMrp3 Multidrug resistance protein (Abcc3) GCCGTCTTGAGCCTGGATAAC
AGCTTCAACGGTACTGGGATAMrp4 Multidrug resistance protein (Abcc4) TCGTCGGGGTCATACTTCTC
TCATGTTCTCCATACCCTTGGTMyd88 Myeloid differentiation primary response gene 88 AAACTGCGAGTGGGGTCAG
GCCCAAAGATGGCAAGAATAACNcf1 Neutrophil cytosolic factor 1 TAGTCAGCAATGGCCCGATAG
GCTCCAACCATTCTCTGACCNlrp3 NLR family pyrin domain containing 3 AAGTAAGGCCGGAATTCACC
ATCGTCATCACCGTGTGGAGNlrp4 NLR family pyrin domain containing 4 GCCAGACTCGCCTTCAATCA
AGGGGGACATGAACCTCAGNtcp Sodium taurocholate contransporting polypeptide TCCGTCGTAGATTCCTTTGC
ACTCCCATAATGCCCTTGGOatp1 Organic anion transporting protein 1 TAATCGGGCCAACAATCTTC
ACCAAACTCAGCATCCAAGCOatp4 Organic anion transporting protein 4 TAGCTGAATGAGAGGGCTGC
GTATTTTCGTGCAGAAGATGCGOstβ Organic solute transporter β TTTCTGTTTGCCAGGATGCTC
AGCCCTATGTCAGGGTGACTPCYT1a Phosphate cytidylyltransferase 1 α GGCATGACCAGAGTGAAACA
ATAGAGCACACATGCCCACAPCYT1b Phosphate cytidylyltransferase 1 β GGCAACGGTCAGTTTTTCAT
GTGCCTGTAACCTGTGTAGATGTCPla2g6 Phospholipase A2 g6 CTCTGAGTCCTAGTGTCAGATGGA
ATTTCTTGGAACACCCAGTATTGTPla2g7 Phospholipase A2 g7 GAACATTCTATTGCTCTTTGCTGA
ATCAAGGTACCAGGAAGTATGGACPla2g12b Phospholipase A2 g12b TCATAGCTCTTCTTTCTCCTCCTC
CTGCATCCTCAAACGGAAAGPLD1 Phospholipase D1 GCTTGCTGTACTCGCTGTTG
CAGCTACATCAGCATGACAGCPLD2 Phospholipase D2 CTGCCACAGCAGCAAAGTAA
CCCAAGGGAGGAATAGCTTCTPparα Peroxisome proliferator-activated receptor α CTCTGCGATGCGGTTCCAA
GAAGCTGCTGACAGTGCAACPycard PYD and CARD domain containing GCCACAGCTCCAGACTCTTC
GAACACGCGGAGAAGCTAGTSGMS1 SM synthase 1 AACATTCGTTCGCCTCATTT
CTGTGCGGAGACTTCCTCTTSGMS2 SM synthase 2 CACCAGAAGTGACGAGGTGA
GTTACCAGCTGATGCCCTTCSMPD1 Sphingomyelin phosphodiesterase 1 AGCAGGATCTGTGGAGTTG
CTCCAGCCATGAAGCTCAACSMPD2 Sphingomyelin phosphodiesterase 2 TTCAGAAAGTCTCCCAAGCG
CCTGACCAGTGCCATTCTTTSMPD3 Sphingomyelin phosphodiesterase 3 AGAAACCCGGTCCTCGTACT
GGTTTTTGTGGAAATGTGGCSMPD4 Sphingomyelin phosphodiesterase 4 GCTGGAGACAGTGAGTCGGT
AAGCGGTGAACCAGTTGTGTTSod1 Superoxide dismutase 1, soluble AGCCTTGTGTATTGTCCCCATACT
CTCCTTGCGCCACAGAATGSpp1 Secreted phosphoprotein 1 TTGGAAGAGTTTCTTGCTTAAAGTCA
CGAGGGTTCTATGGCACATTSPTLC1 Serine palmitoytransferase long chain base subunit 1 GGTGGAGAAGCCATACGAGT
TCACCTCCATGAAGTGCATCSPTLC2 Serine palmitoytransferase long chain base subunit 2 CAGGCGTCTCCTGAAATACC
GGAGAGCCCTGGATACCAACTGF-β Transforming growth factor beta CAACCCAGGTCCTTCCTAAA

Supplementary Table S1. (Continued)
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Abbreviation Gene Sequence
CCACCACGCTCTTCTGTCTAC

Tnf Tumour necrosis factor AGGGTCTGGGCCATAGAACT
CATCACCGGTCAGAAAACAA

Trl2 Toll-like receptor 2 ACCAAGATCCAGAAGAGCCA
TGTTCTTCTCCTGCCTGACA

Trl4 Toll-like receptor 4 TGTCATCAGGGACTTTGCTG


