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Autoimmune cholestatic liver diseases, including primary biliary cholangitis (PBC) and primary sclerosing
cholangitis (PSC), aremanifested as an impairment of normal bileflow and excessive accumulation of potentially
toxic bile acids. Endogenous bile acids are involved in the pathogenesis and progression of cholestasis. Conse-
quently, chronic cholestasis affects the expression of bile acid transporters and nuclear receptors, and results in
liver injury. Several lines of evidence suggest that intestinal microbiota plays an important role in the
etiopathogenesis of cholestatic liver diseases by regulating metabolism and immune responses. However, pro-
gression of the diseasemay also affect the composition of gutmicrobiota, which in turn exacerbates the progres-
sion of cholestasis. In addition, the interaction between intestinal microbiota and bile acids is not unidirectional.
Bile acids can shape the gutmicrobiota community, and in turn, intestinalmicrobes are able to alter bile acid pool.
In general, gut microbiota actively communicates with bile acids, and together play an important role in the
pathogenesis of PBC and PSC. Targeting the link between bile acids and intestinal microbiota offers exciting
new perspectives for the treatment of those cholestatic liver diseases. This reviewhighlights current understand-
ing of the interactions between bile acids and intestinal microbiota and their roles in autoimmune cholestatic
liver diseases. Further, we postulate a bile acids-intestinal microbiota-cholestasis triangle in the pathogenesis
of autoimmune cholestatic liver diseases and potential therapeutic strategies by targeting this triangle.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

In autoimmune cholestatic liver diseases such as primary biliary
cholangitis (PBC) and primary sclerosing cholangitis (PSC), accumula-
tion of specific bile acids in the liver triggers inflammatory responses
leading to liver injury [1]. PBC, formerly known as “primary biliary cir-
rhosis”, is characterized by female predominance, genetic predisposition,
antimitochondrial antibodies, and immune mediated destruction of
intrahepatic small bile ducts leading to cholangitis, fibrosis and poten-
tially cirrhosis [2,3]. PSC is a chronic idiopathic cholestatic liver disease,
characterized by ongoing inflammation, destruction, and fibrosis of
intrahepatic and extrahepatic bile ducts [4–6]. PSC is strongly associated
with inflammatory bowel disease, especially with ulcerative colitis [7].
Nonetheless, PSC differs from classical autoimmune diseases because it
is male predominant and is poorly responsive to immunosuppressive
treatment [8]. Current evidence suggests that PBC and PSC are heteroge-
neous, complex disorderswith genetic, immunologic and environmental
components [6,9–15]. However, the etiology of these diseases remains
obscure and effective medical treatments are lacking [16–19]. Patients
with end-stage liver disease are offered liver transplantation.

The liver receives 70% of its blood supply from the portal vein, the di-
rect venous outflow of the intestine. The close relationship between gut
and liver is termed the gut-liver axis and has been first linked to liver
pathogenesis in 1998 [20]. Various studies suggested that the gut-liver
axis plays an important role in the initiation and progression of many
autoimmune liver diseases, including PBC and PSC [21,22]. However,
the mechanisms underlying the relationship between gut microbiota
and cholestatic liver diseases are poorly understood.

This review mainly focuses on the interactions between bile acids
and intestinal microbiota affecting cholestasis. We propose the impor-
tance of a bile acids-intestinal microbiota-cholestasis triangle in the
pathogenesis of autoimmune cholestatic liver diseases as well as the
therapeutic potential in targeting this triangle.

2. Bile acids in autoimmune cholestatic liver diseases

Bile acids are themajor organic solutes of bile. They act as detergents
to facilitate the absorption of dietary lipids and fat-soluble vitamins and
maintain cholesterol homeostasis in the body. Bile acids are synthesized
in thepericentral hepatocyte, through a series of reactions performed by
cytochrome P450s. Cholesterol 7α-hydroxylase (CYP7A1) is the rate-
limiting enzyme in bile acid synthesis. Most bile acids undergo conjuga-
tion with the amino acids taurine and glycine. After draining through
the bile ducts into the hepatic duct, bile acids are released into the duo-
denumat a junction regulated by the sphincter of Oddi [23]. In the intes-
tine, primary bile acids chenodeoxycholic acid (CDCA) and cholic acid
(CA) are converted into secondary bile acids lithocholic acid (LCA) and
deoxycholic acid (DCA), respectively. About 95% of bile acids are then
reabsorbed by the intestinal epithelium and into hepatocytes through

the portal vein system, re-conjugated and re-secreted into the bile
fluid, thereby completing the enterohepatic circulation [24]. The cellular
and molecular mechanisms involved in the development of cholestatic
liver diseases remain elusive. However, excessive intrahepatic accumu-
lation of bile acids and/or their metabolites is thought to play a pivotal
role in mediating the hepatic injury of cholestatic diseases [25].

2.1. Role of bile acids in autoimmune cholestatic liver diseases

2.1.1. Cytotoxicity of bile acids
Experimentally, hydrophobic bile acids are known to induce injury

to hepatocytes [26], but themechanisms involved in this toxicity are un-
clear.When bile acids accumulate in hepatocytes above their physiolog-
ical concentration range, clinical hepatotoxicity may be observed.
Recent literature suggested that bile salts at concentrations of 15–25
μM act as signal molecules; 50–200 μM cause apoptosis; ~200 μM in-
duce pro-inflammatory actions; 200–2000 μM yield necrosis and
above 2000 μM bile acids act as detergents [27–30]. Therefore, higher
bile acid concentrations may exert cytotoxicity by causing necrosis,
which would be the major mechanism of cell death in severe cholesta-
sis. Conversely, in the μM range of supra-physiological bile acid concen-
trations, apoptosis is supposed to be the predominant mechanism in
milder cholestasis [31].

Hydrophobic bile acids can initiate apoptosis through the direct in-
duction of mitochondrial reactive oxygen species (mROS) and subse-
quent mitochondrial oxidative stress, one of the most important
mechanisms contributing to the progression of cholestatic liver dis-
eases. In addition, bile acids also induce themitochondrial permeability
transition (MPT), a critical intracellular trigger of both apoptotic and ne-
crotic forms of cell death in hepatocytes [32]. These two pathways
would reduce oxidative phosphorylation, decrease mitochondrial DNA
copy number, cause the mitochondrial to swell and collapse, and lead
to release of cytochrome c. Cytosolic cytochrome c initiates the activa-
tion of caspase 9, leading to a caspase cascade of activated effector
caspases and to irreversible hepatocyte death [33]. Apart from mito-
chondrial oxidative stress, it is also suggested that endoplasmic reticu-
lum stress might be involved in apoptosis caused by bile acids with
both the disruption of Ca2+ homoeostasis and activation of caspase 12
[34]. The extrinsic pathway is initiated by bile-acid-activated vesicular
trafficking from Golgi to the plasma membrane of death receptors Fas
and TRAIL-receptor 2 [35]. After death receptor activation and forma-
tion of the death-inducing signaling complex, caspase 8 is activated
and the pro-apoptotic protein Bid is cleaved and translocated to themi-
tochondria. Bid opens the MPT pore, releasing cytochrome c, which ac-
tivates the effector caspases leading to irreversible hepatocyte death.

As for necrosis, hydrophobic bile acids can trigger necrosis by two
mainmechanisms: oxidative-stress-induced lipid peroxidation and solu-
bilization of the hepatocellular plasma membrane [36]. As stated above,
bile acids induce mROS from amitochondrial origin. Therefore, exposure
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