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Effect of Thyroid Hormone to the Expression of Bile Salt Export Pump
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Background: Bile acids were important for the regulation of cholesterol homeostasis. Thyroid hormone increased the expression of
CYP7AL1 (cholesterol 7a-hydroxylase), catalyzing the first step in the biosynthesis of bile acids. However, the effect of thyroid hor-
mone on bile acid export has not been previously assessed. The principal objective of this study is to evaluate the effects of thyroid
hormone on the bile salt export pump (BSEP).

Methods: Thyroid hormone, T3 (1 mg/g) was administered to male mice via intraperitoneal injection. After 6 hours and 5 days of T3
treatment, we measured serum total and LDL cholesterol and hepatobiliary bile acid concentrations. We assessed the changes as-
sociated with bile acid synthesis and transport. In order to evaluate the direct effect of thyroid hormone, we assessed the changes in
the levels of BSEP protein after T3 administration in human hepatoma cells.

Results: Serum total and LDL cholesterol were reduced and hepatobiliary bile acid concentrations were increased following T3
treatment. Expressions of Cyp7al and BSEP mRNA were increased following T3 treatment. The levels of the BSEP protein in the
mouse liver as well as in the human hepatoma cells were increased after T3 treatment.

Conclusion: Thyroid hormone can regulate LDL cholesterol metabolism. It increases bile acid synthesis and the excretion of bile
acids via increased BSEP expression. (Endocrinol Metab 26:232-238, 2011)
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Fig. 1. Genes related to bile acid synthesis and transport in hepatocyte. BSEP,
bile salt export pump; CYP7A1, cholesterol 7. hydroxylase; CYP27A1, sterol 27
hydroxylase; CYP8B1, sterol 12a hydroxylase; MRP. multidrug-resistance asso-
ciated protein; NTCP. Na-dependent taurocholate cotransport peptide; OATP, or-
ganic anion transporting polypeptide.
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Fig. 2. Effect of thyroid hormone to serum cholesterol (A), LDL cholesterol (B) and hepatobiliary bile acid (C) level. LDL, low density lipoprotein; T3, 3,5,3"-triiodo-L-

thyronine (thyroid hormone).

Table 1. Differentially expressed genes involved in bile acid synthesis and transport in mouse hepatocytes after thyroid hormone treatment

Gene symbol Gene expression Fold changes P-value mRNA accession
Cyp7al Cholesterol 7o hydroxylase 2.801 0.000 NM_007824.2
Cyp27a1 Sterol 27 hydroxylase 1.810 0.021 NM_024264.4
Cyp8b1 Sterol 120 hydroxylase 0.632 0.010 NM_010012.3
VIDR3 Multidrug-resistance protein3 0.133 0.465 NM_000443.3
BSEP Bile salt export pump 1.424 0.021 NM_021022.3
VIRP2 Multidrug-resistance associated protein2 0.656 0.032 NM_013806.2
OATP1bH2 Organic Anion Transporting Polypeptide 1b2 0910 0.085 NM_020495.1
NTCP Na-dependent taurocholate cotransport peptide 1.282 0.060 NM_011387.2
FXR Farnesoid X receptor 0.007 0.967 NM_001163700.1
VDR Vitamin D receptor -0.028 0.871 NM_009504.4
LRH-1 Liver receptor homolog-1 0128 0.479 NM_030676.3
PXR Pregnane X receptor 0498 0.048 NM_001098404.1
CAR Constitutive androstane receptor -0.846 0.013 NM_009803.4
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Fig. 3. Effect of thyroid hormone to Cyp7a1, BSEP and MRP2 expression. Cyp7a1 and BSEP mRNA expression of mouse liver were increased after T3 treatment in
northern blot analysis (A), MRP2 mRNA expression of mouse liver after 5 days of T3 treatment did not change in RT-PCR analysis (B), protein level of BSEP in mouse
liver was also increased after 5 days of T3 treatment in western blot analysis (C). Cyp7al, cholesterol 7a. hydroxylase; BSEP. bile salt export pump; MRP2, -resis-
tance associated protein 2; RT-PCR, reverse transcriptase polymerase chain reaction; T3, 3,5,3"-triiodo-L-thyronine (thyroid hormone).
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Fig. 4. Effect of thyroid hormone to protein levels of BSEP. Protein levels of
BSEP were increased after T3 treatment in human hepatoma cells. BSEP, bile
salt export pump; T3, 3,5,3-triiodo-L-thyronine (thyroid hormone).
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