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Cholestatic diseases are based on bile dysfunction due to defects affecting bile synthesis or secretion. These
processes involve a wide range of enzymes and membrane transporters involved in hepatobiliary circulation.
According to its origin, cholestasis can be classified into two main groups: acquired cholestasis and genetic

cholestasis.

cholestatic diseases therapy

| 1. Acquired Cholestasis

Most cholestatic diseases are acquired, presenting a dysregulation of the hepatobiliary transporters as a
consequence of an adaptive and protective response to bile acid (BA) accumulation in the liver. This regulation is
multifactorial, involving different elements such as hormones, BAs, proinflammatory cytokines, and drugs. These
different factors mediate the activation of transcription factors that regulate the expression of export pumps, which
promote the reduction of intracellular BAs by their excretion in the urine, resulting in the detoxification of the liver &I,
Acquired cholestatic diseases include primary biliary cholangitis (PBC), primary sclerosing cholangitis (PSC),
intrahepatic cholestasis of pregnancy (ICP), biliary atresia, drug-induced cholestasis, and inflammation-mediated

cholestasis 23],

PBC and PSC are classified as autoimmune diseases of the hepatobiliary system, characterized by the presence
of antimitochondrial antibodies, portal inflammation, and an immune-mediated destruction of intra- and extra-
hepatic bile ducts 4B, Clinical manifestations vary widely, from asymptomatic to end-stage biliary cirrhosis. The

pathogenesis of the disease is multifactorial, involving genetic, epigenetic, and environmental factors €],

ICP, which is the most common disorder of the hepatobiliary system, is characterized by high serum BA levels in
the third trimester of pregnancy that cause severe pruritus. In the development of this cholestatic disorder, high
levels of gestational hormones, such as estrogen and progesterone, play a major causative role, while genetic
factors may also be involved. Although symptoms disappear after childbirth, the biliary disorder can often recur

during future pregnancies [,

Biliary atresia is a rare liver disease affecting the bile ducts, resulting in the main cause of neonatal cholestasis.
The etiology of this biliary disorder is unknown. In some cases, the origin is thought to be due to an exacerbated

autoimmune response in the bile duct epithelium as a consequence of a viral infection or due to toxin-induced
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injury after birth [l In other cases, it is thought to be due to a malformation of the bile ducts during gestation.

However, it is known that an early diagnosis allows for better outcomes after surgery <.

Finally, drug- and inflammation-induced cholestasis are closely related. Both drugs and proinflammatory agents
can induce cholestasis following inhibition of hepatobiliary transporters but rarely result in severe liver injury. These
types of cholestasis have an immunological origin mediated by proinflammatory cytokines directed against the bile

duct epithelium that can alter BA secretion 19,

| 2. Inherited Cholestasis

Genetic cholestasis, which represents a minority of all cholestatic disorders, includes different types of progressive
familial intrahepatic cholestasis (PFIC) associated with mutations in relevant channel transporters of the
hepatobiliary system. PFIC is a heterogeneous group of autosomal recessively inherited monogenic disorders with
a low incidence of 1:50,000-100,000 births worldwide, representing approximately 15% of all cases of neonatal
cholestasis 11l. These cholestatic syndromes are characterized by an early onset of the disease, usually in infancy,
associated with clinical manifestations such as pruritus, jaundice, malabsorption of fat and fat-soluble vitamins, and
hepatomegaly 13, PFIC is associated with several liver complications, such as portal hypertension and cirrhosis,
and can progress to end-stage liver disease and liver failure between childhood and adulthood. Depending on the
type of PFIC, extrahepatic clinical manifestations or hepatocellular carcinoma (HCC) may occur 12, The most
common biochemical features of this group of hepatobiliary diseases are increased serum BAs and bilirubin 111,
Depending on their genetic origin, PFICs can be classified into six types. Mutations in ATP8B1, ABCB11, ABCB4,
tight junction protein 2 (TJP2), NR1H4, and Myosin VB (MYO5B) genes are known to be the cause of PFIC 1-6
types, respectively (Figure 1). In PFIC1, mutations in the familial intrahepatic cholestasis 1 (FIC1) gene cause the
loss of the asymmetric distribution of phospholipid content in the canalicular membrane, leading to membrane
destabilization and reduced BA transport, resulting in their accumulation in hepatocytes, causing cholestasis.
Mutations in the ABCB11 gene can result in PFIC2 due to the absence of a functional bile salt export pump (BSEP)
protein, which also leads to toxic accumulation of BA in hepatocytes. In PFIC3, mutations in ABCB4 cause
multidrug resistance protein 3 (MDR3, ABCB4) deficiency, which results in low levels of phosphatidylcholine (PC) in
the bile, which is needed to form micelles and neutralize the toxicity of hydrophobic BAs, resulting in damage to the
epithelium of bile canaliculi. Mutations in TJP2 lead to the misdistribution of claudin tight junction in canaliculi,
resulting in bile leakage and subsequently in PFIC4. PFIC5 is due to mutations in the NR1H4 gene that cause
deficiency in farnesoid X receptor (FXR), resulting in a reduction of BSEP and ABCB4 expression and the
accumulation of toxic BAs in the hepatocytes. Finally, mutations in MYO5B interfere with the processing of normal
intracellular trafficking of BSEP, reducing its expression and activity at the canalicular membrane, which results in
the accumulation of toxic BAs in hepatocytes, giving rise to PFIC6 23], Different disease characteristics such as the

age of onset, severity, and the manifestation of specific complications and serum markers vary between PFIC
types [121[13],
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Figure 1. Genetic classification and pathogenesis of PFIC. The diagrams show the genes and functions altered in
each type of PFIC. The main deficient proteins for each type of PFIC are indicated by red crosses, while derived
alterations in other proteins or pathways are indicated by blue crosses. Damage due to the abnormal accumulation

of BAs is shown as yellow circles with orange lightnings.

The role of BSEP in the functioning of the hepatobiliary system is very important, as mutations in different genes
involved in BA metabolism and transport, such as ABCB11, NR1H4, and MYO5B causing its deficiency, cause
PFIC R4II5I8] |y addition, depending on the severity of the disease, inherited intrahepatic cholestasis resulting
from mutations in ATP8B1 or ABCB11 can be classified as either PFIC1 or 2, respectively, or benign recurrent
intrahepatic cholestasis (BRIC) 1 or 2, respectively. Sometimes it is clinically difficult to discern between PFIC and
BRIC because, in both cases, patients may present mild cholestasis with long-term complications 17 |n addition,
some missense mutations in less conserved regions of the ABCB11 and ABCB4 genes promote the development
of more moderate variants of cholestasis such as BRIC2, ICP, cholesterol cholelithiasis, drug-induced cholestasis,
adult biliary cirrhosis, transient neonatal cholestasis, and others (18I |n addition, mutations in cholangiocyte
transporter genes (e.g., the cystic fibrosis transmembrane conductance regulator (CFTR) gene) can cause
cholestasis. In fact, a direct association between cystic fibrosis and cholestatic conditions, such as bile duct
complications, gallstones, and primary sclerosing cholangitis, has been observed due to mutations in CFTR [29]

Other genetic multisystemic diseases associated with cholestatic disorders include Alagille syndrome (ALGS) and
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cerebrotendinous xanthomatosis (CTX). ALGS arises due to mutations in genes involved in the Notch signaling
pathway, such as JAG1 and NOTCHZ2, and the majority of patients present cholestasis and a deficiency of bile
ducts 1, CTX is caused by mutations in the CYP27A1 gene, resulting in impaired BA biosynthesis and the
accumulation of toxic metabolites. Although liver damage is not common in all CTX patients, some cases of severe

infantile cholestasis have been reported [22],
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