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Hepatic bile formation plays an essential role in lipid
digestion and absorption, cholesterol homeostasis, and excretion of lipid soluble metabolites and xenobiotics. Bile is
a complex, lipid-rich micellar solution composed primarily of water, inorganic solutes, and organic solutes such as
amphipathic conjugated bile acids (BAs), the membrane
phospholipid phosphatidylcholine (PC), cholesterol, bile
pigments, and endogenous metabolites (1). The major
organic solutes, BAs, phospholipids, and cholesterol are
termed “biliary lipids” and their secretion into bile is mediated by three distinct canalicular membrane ABC transporters, ABCB11(BSEP), ABCB4 (MDR3) (Abcb4/Mdr2
in rodents), and ABCG5/ABCG8, respectively (1). ABCB4
functions to flop PC from the canalicular membrane into
bile, where it forms stable mixed micelles with BAs and
cholesterol. In doing so, PC acts to protect the biliary epithelium from the toxic detergent properties of BAs and to
solubilize cholesterol, thereby preventing gallstone formation. Loss of Abcb4 in mice effectively blocks PC secretion
into bile and leads to bile duct injury and progressive cholestatic liver disease (2, 3). In humans, ABCB4 mutations
are responsible for progressive familial intrahepatic cholestasis type 3 (PFIC3), a severe form of liver disease that
develops early in childhood. In addition to PFIC3, homozygous or heterozygous genetic variants in ABCB4 are associated with a spectrum of cholestatic diseases, including
low phospholipid associated cholestasis and intrahepatic
cholestasis of pregnancy (4, 5). With only limited therapeutic options currently available for ABCB4-associated
disease, new strategies to rescue the activity of defective
ABCB4 variants or to increase ABCB4 expression may have
clinical benefit in these patients. To date, ABCB4 expression
has been shown to be induced in human and animal models by BAs and fibrates, acting via the nuclear receptors
farnesoid X receptor (FXR) and PPARa, respectively. The
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study by Gautherot and colleagues (6) in this issue of the
Journal of Lipid Research adds the nuclear receptor thyroid
hormone receptor-b (THRb), and its isoform THRb1, to
the list of potential targets that increase ABCB4 levels.
Thyroid hormones act via the nuclear receptors, THRa
(NR1A1; chromosome 17) and THRb (NR1A2; chromosome 3), and exert profound effects on development,
growth and metabolism. Although expression of both receptors can be detected in a wide variety of tissues, THRa
shows the highest levels of expression in heart, brain, lung,
and bone, whereas THRb is the major THR in the liver. It
has been known for many years that overproduction of
thyroid hormone (hyperthyroidism) is associated with
potential beneficial effects on lipid metabolism. However,
the plethora of adverse effects of excess thyroid hormone
on heart, bone, and muscle stymied further development
of thyroid hormone as therapy. More recently, the identification of distinct THR isoforms, expressed in a tissue-specific
fashion, the finding that THRa and THRb differentially
regulated hepatic lipid metabolism, and the development
of THR isoform-selective agonists has focused renewed interest in therapeutically targeting the major liver isoform,
THRb1 (7, 8). With regard to biliary lipid secretion, studies in rat (9) and later in mouse (10) models demonstrated
that thyroid hormone stimulates hepatic BA synthesis and
biliary secretion of lipids, particularly that of cholesterol
and phospholipid. Whereas the stimulation of biliary
cholesterol secretion was shown to be dependent upon
induction of ABCG5/ABCG8 expression, details of the
mechanisms by which thyroid hormone stimulates biliary
phospholipid secretion has not to date been systematically
examined.
In the study by Gautherot et al. (6), thyroid hormone
T3 was compared with FXR and PPARa agonists for its
ability to induce ABCB4 mRNA and protein expression in
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Fig. 1. Model for effects of THRb1 and FXR agonism
on BA synthesis, expression of the major biliary lipid
transporters, and hepatic lipid secretion. BA, bile acid;
CYP7A1, cholesterol 7-a hydroxylase; Ch, cholesterol;
FXR, farnesoid X receptor; PC, phosphatidylcholine;
THRb, thyroid hormone receptor-b.

human hepatocyte cell lines. Notably, the addition of T3
induced ABCB4 expression approximately 2-fold, an effect similar to that observed with the synthetic FXR agonist, GW4064. Further studies in cell culture revealed
dose, time-course, and inhibition effects consistent with
direct transcriptional activation of ABCB4 by thyroid hormone. In silico analysis of the promoter and 5-flanking
sequence identified several thyroid hormone response elements that were conserved in the human and mouse
ABCB4 locus and shown to bind THRb1 using in vitro
DNA gel shift assays. In agreement with the tissue expression pattern for the thyroid hormone receptor isoforms,
addition of THRb1-selective agonists such as GC-1 (sobetirome), CGS-2345, KB-2115 (eprotirome), and particularly
KB-141 induced the expression of ABCB4 mRNA and protein in Huh-7 cells. In vivo, administration of KB-141 in
the diet for 7 days to WT C57Bl/6 male mice significantly
increased bile flow (~1.8-fold) and the biliary output of PC
(5.4-fold), cholesterol (3.3-fold), and BAs (2.9-fold). Additional tissue culture-based studies of ABCB4 expression
in human hepatocyte cell lines demonstrated that T3 and
FXR agonists have independent stimulatory effects. Interestingly, whereas T3 stimulated CYP7A1 expression in
cultured hepatocytes, addition of GW4064 or coaddition
of T3 and GW4046 significantly reduced expression of
CYP7A1, suggesting that the FXR-mediated repression is
dominant (summarized in Fig. 1).
The referenced study extends earlier findings reporting
the effects of thyroid hormone on biliary lipid secretion
and is notable for providing evidence of direct transcriptional regulation of ABCB4 expression by THRb1. In addition, as proposed by the authors, by boosting PC secretion
while decreasing BA synthesis, concomitant THRb1 and
FXR stimulation may have potential therapeutic benefit in
ABCB4-related liver disease and, potentially, other forms
of cholestasis. A limitation of this work is that the current observations were primarily confined to tissue culture
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cell-based models and the in vivo effects on bile secretion
and other hepatic functions remain to be determined. For
example, with regard to plasma lipids, THRb1 simulation
in humans decreases LDL cholesterol (for review, see
Ref. 7), whereas FXR stimulation elicits an unfavorable
increase (11). As such, additional studies in appropriate
models will be needed to understand the spectrum of in
vivo effects observed with THRb1 agonism or dual stimulation along with FXR. Although recent studies of thyromimetic drugs have demonstrated potential beneficial
effects for metabolic diseases involving the liver (8), promising therapeutic strategies targeting nuclear receptors
have shown relevant limitations when further evaluated
clinically (12). Moreover, while THRb1 agonists do not,
or minimally, affect the hypothalamic-pituitary axis, longterm treatment may determine a state of hyperthyroidism
in THRb-dependent tissues and a state of normo- or hypothyroidism in THRa-dependent tissues; a peculiar condition for which the resulting effects on general homeostasis
are unknown.
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