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Purpose of review
This review analyses the main features of primary biliary cirrhosis (PBC) and primary sclerosing cholangitis
(PSC) and provides an overview of the currently available (bile acid) bile acid related treatments.

Recent findings

In PBC, biliary injury is the consequence of a dysregulated intrahepatic and systemic immune response.
Given the close association between PSC and inflammatory bowel disease (IBD), the microbiota represents
an importfant factor in the development of PSC. Bile acid based pharmacological treatments could represent
promising therapeutic strategies in the management of cholangiopathies.

Summary

Cholangiopathies include a spectrum of diseases resulting in cholestasis, an impairment of bile flow in the
biliary tree, leading to biliary obstruction and damage as well as liver inflammation and fibrosis. PSC and
PBC are highly heterogeneous cholangiopathies and progressive disorders with defined pathophysiological
mechanisms. Curative treatments have not been established, and although their prevalence is low, they are
a frequent indication for liver transplantation in the advanced stages of cholangiopathies. These diseases
still present with unmet therapeutic strategies, also taking into account that on average 30-40% of patients
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undergoing liver transplantation will have recurrence of the original illness.
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INTRODUCTION

Cholangitis is a life-threatening condition defined
by biliary obstruction and bacterial infiltration of
the biliary tree [1]. First described in 1877 by Jean-
Martin Charcot, the disease is characterized by fever,
right upper quadrant pain and jaundice [2]. If not
promptly treated, cholangitis can quickly progress
into multiorgan dysfunction and death. Primary
biliary cholangitis (PBC) and primary sclerosis chol-
angitis (PSC) represent the main immune-mediated
chronic cholestatic liver diseases in adults that lead
to liver cirrhosis or liver failure. Currently, there are
not definitive curative treatments, and although
their prevalence is low, they are a frequent indica-
tion for liver transplantation in the advanced stages
of cholangiopathies. In the decade 1998-2008, 10%
of all indications for liver transplantation in the USA
were represented by PBC and PSC (https://optn.
transplant.hrsa.gov/data/view-data-reports/

national-data/). Novel therapeutic approaches
encompass the use of transcriptional modifiers of
bile formation. This review will analyse the main
features of PBC and PSC and provide an overview of
the currently available bile acid treatments.
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Clinical manifestation and molecular
pathogenesis of the two main type of
cholangitis: primary biliary cholangitis and
primary sclerosing cholangitis

PBC and PSC are both progressive chronic chole-
static liver diseases. PBC is characterized by granu-
lomatous destruction of small intrahepatic ducts [3],
whereas PSC is defined by inflammation and fibrosis
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KEY POINTS

e Primary sclerosing cholangitis (PSC) and primary
biliary cholangitis (PBC) are highly heterogeneous
cholangiopathies and progressive disorders with
unclear defined pathophysiological mechanisms.

e Several studies demonstrated that gut microbiota of
PSC patients present with important differences
compared with healthy individuals and IBD patients
without concomitant liver disease.

o Bile acid based pharmacological treatments currently
represent one of most promising therapeutic strategies
in the management of cholangiopathies.

of the intrahepatic and extrahepatic bile ducts that
promote bile duct stenoses [4,5]. Both PSC and PBC
are characterized by an autoimmune trigger that
leads to bile duct damage, cirrhosis and ultimately
liver failure [6].

Primary biliary cholangitis

PBC is caused by a combination of genetic predis-
position — affecting T-cell regulation, extra-hepatic
autoimmune diseases and PBC/positive antimito-
chondrial auto-antibody (AMA) [7-10] - and envi-
ronmental factors, such as recurrent urinary tract
infections, exposure to toxic chemicals and cigarette
smoking [9]. PBC mainly affects middle-aged
women and different patients present with different
rates of advancement; however, it commonly pro-
gresses to terminal stages over 15-20years. Sero-
logic hallmarks of PBC include high alkaline
phosphatase (ALP) and the presence of AMA [11].
The main symptoms of PBC encompass fatigue and
pruritus especially at night inducing sleep distur-
bances and depression [12]. PBC patients can also be
affected by skin lesions, lipid dysmetabolism, osteo-
penia/osteoporosis, hepatosplenomegaly, muscle
wasting and oedema as a cirrhosis manifestation
[13,14]. Cirrhosis can in turn, increase the risk of
hepatocellular carcinoma development [15]. At bili-
ary epithelial cell level, immune dysregulation is a
typical feature of PBC due to the loss of tolerance to
the E2 subunit of the mitochondrial pyruvate dehy-
drogenase complex (PDC-E2) [16]. Normal biliary
epithelial cells are characterized by proper bicarbon-
ate production contributing to the acidic environ-
ment at the surface of the biliary epithelium [17].
The anion exchanger 2 (AE2) is the principal bicar-
bonate exchanger regulating intracellular pH and
biliary bicarbonate secretion leading to the peculiar
bicarbonate-rich umbrella on the apical surface of
cholangiocytes. The bicarbonate-rich umbrella is
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fundamental for biliary epithelial cells because it
protects them from toxic hydrophobic bile acids.
In fact, a dysfunctional AE2 leads to sensitization of
biliary epithelial cells to apoptosis. Accumulation of
senescent biliary epithelial cells present MHC class I1
molecules as well as several co-stimulatory inflam-
matory factors (TNF-a, IL-6, MCP-1, RANTES) col-
lectively promoting an adaptive immune response
[18]. Inflammatory cells enter into the epithelium
leading to ductal luminal irregularities and epithe-
lial interruption [19]. In the liver of PBC patients,
natural killer T cells facilitate biliary epithelial cell
damage, autoantigen release and activation of reac-
tive T cells [20]. Plasma cells produce disease-specific
AMAs that target immunodominant epitopes on
PDC-E2 on the inner mitochondrial membrane ulti-
mately contributing to cellular injury [21%]. CD4" T
cells and CD8™" T cells are the main inflammatory
cells within the portal tract and promote biliary
damage [22]. Advanced fibrosis stages have been
associated with an upregulation of pro-inflamma-
tory Th17 cells that are necessary to support B-cell
specific antibody production [23,24] and a down-
regulation of intrahepatic T reg cells and T follicular
regulatory cells [25]. Furthermore, the biliary epi-
thelium expresses toll like receptors (TLRs) that
promote cellular injury via the secretion of pro-
inflammatory molecules, such as IL-8 and CX3CL1,
and recruitment of immune cells into the portal
tract [26]. In this scenario, biliary injury is the con-
sequence of a dysregulated intrahepatic and circu-
lating immune response. Progressive bile duct
deterioration results in impaired bile secretion and
hepatic accumulation of bile acids.

Primary sclerosing cholangitis

PSC is a progressive cholangiopathy that affects
young men and is strongly linked to IBD [27]. The
cause of PSC is still unclear, but it has been demon-
strated an association with HLA-DRB1 and HLA-
DQB1 haplotypes [28] and genes of the interleu-
kin-2 pathway such as CD28 [29,30]. At the time
of diagnosis, a high fraction of patients is asympto-
matic [31]. Typical manifestations encompass fever
and upper abdominal quadrant pain and can be
accompanied by fatigue, pruritus and jaundice.
These symptoms are due to inflammatory and cho-
lestatic process promoting fibrosis and cirrhosis [32].
Furthermore, these patients present with hepatos-
plenomegaly, gallbladder disease, fat soluble vita-
min malabsorption, metabolic bone disease and
oesophageal varices, hematemesis and ascites as a
consequence of portal hypertension [33]. IBD
comorbidity varies and does not always associate
with liver symptoms; however, patients presenting
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with both diseases have an increased risk of color-
ectal cancer onset compared with IBD patients with-
out concomitant PSC and the general population
[34]. Last but not least, PSC represents a risk factor
for colangiocarcinoma [35]. The gold standard for
the diagnosis of PSC is the cholangiogram because
biochemical tests’ results may vary and do not cor-
relate with disease progression [36]. The only treat-
ment option for PSC patients is liver
transplantation, but a high incidence of acute cel-
lular rejection as well as PSC recurrence and IBD
intensification have been shown [37].

Given the close association between PSC and
IBD, the microbiota represents an important factor
in its pathogenesis [38,39]. The liver and intestine
are able to communicate with each other via the
systemic circulation, portal vein and biliary tract.
Intestinal inflammation or infections damage the
intestinal epithelial barrier thereby allowing the
translocation of microbes and pathogen-associated
molecular patterns (PAMPs). Microbes and PAMPs,
subsequently, reach the liver and activate hepatic
immune cells (Kupffer and hepatic stellate cells)
and, in turn, the production of pro-inflammatory
cytokines, collectively leading to portal fibrosis and
PSC [40,41]. Several studies demonstrated that the
gut microbiota of PSC patients is different compared
with healthy individuals and IBD patients without
concomitant liver disease [42-44]. Quraishi et al.
[45"] demonstrated that microbial alterations and
differentially expressed genes in PSC-IBD patients
compared with IBD patients were due to a dysregu-
lation of BAs metabolism in PSC-IBD patients. In
PSC patients, dysbiosis translates into a reduction in
bacterial diversity, an increased abundance of Enter-
ococcus, Fusobacterium, Lactobacillus and Veillonella
genera and a reduced abundance Prevotella and Rose-
buria species. The increased presence of Enterococcus
is paralleled by increased ALP levels [46], mucosal
inflammation and increased intestinal permeability
and in bile. Abundance of Enterococcus gallinarum is
associated with T helper 17 cells activation [47,48],
while Fusobacterium correlates with intestinal
inflammation severity [46]. Also, it has been dem-
onstrated that Veillonella is associated with inflam-
matory and fibrotic conditions such as pulmonary
fibrosis and PBC [49,50]. Prevotella and Roseburia
species are butyrate producers and support the
intestinal barrier function as well as the differentia-
tion of regulatory T cells [51]; therefore, their
decreased abundance in PSC patients is an addi-
tional burden. Furthermore, it has been observed
that faecal microbiota of patients with PSC and
concomitant IBD display an altered composition
of fungal population characterized by an increased
abundance of Exophila (a fungi genus involved in
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infections in immunodeficiency patients) and a
decreased presence of Saccaromyces cerevisiae, which
has been shown to have anti-inflammatory proper-
ties [52].

Interestingly, faecal microbiota transplantation
(FMT) has been carried out in 10 patients with PSC
and IBD in remission and it caused a strong reduc-
tion of ALP levels in 30% of patients, which was
accompanied by increased bacterial diversity [53]. In
2019, two clinical trials have been interrupted
because FMT caused bacteraemia with a drug-resist-
ant Escherichia coli causing the death of one patient
[54] and FMT has not been trialled anymore since
then in PSC patients.

Bile acids and the gut-liver axis

Despite the molecular difference of PBC and PSC,
they both are mainly characterised by cholestasis,
resulting from impaired bile formation or flow. Bile
acids homeostasis is impaired in patients affected by
cholangiopaties and given the prominent role of the
intestine in this respect, understanding the gut-liver
axis and bile acids physiology is crucial to recognize
the concept behind the main bile acid based thera-
peutic strategies currently available for the clinical
management of cholestatic liver diseases. Bile acids
are detergent-like molecules synthesized in the liver
and released after food ingestion into the small intes-
tine wherein they aid the absorption of lipids and
liposoluble nutrients. Hepatic de-novo bile acids syn-
thesis is the result of cholesterol catabolism and
involves the action of several enzymatic reactions,
whose rate-limiting enzyme is the Cholesterol-7a-
hydroxylase (Cyp7al) transtorming cholesterol
intermediate metabolites into the two main primary
bile acids: chenodeoxycholic (CDCA) and cholic acid
[55]. In order to increase their water solubility and
decrease their cytotoxicity, primary bile acids
undergo a conjugation process with either glycine
or taurine and are then secreted into bile together
with cholesterol and phospholipids [56-58]. Conju-
gated bile acids are temporarily stored in the gall-
bladder and after food ingestion, the hormone
cholecystokinin is then released from the proximal
intestinal tract thereby stimulating the gallbladder to
release bile into the duodenum, wherein the bile
acids journey starts. Due to their detergent-like prop-
erties, bile acid facilitates the absorption of lipids and
liposoluble vitamins along the small intestine. How-
ever, for the same reason, their levelsmustbe keptina
tight range. In fact, abnormally elevated bile acids are
highly cytotoxic, while their insufficient levels could
cause a decrease in bile flow and consequent choles-
terol supersaturation in bile that may contribute to
the formation of cholesterol gallstone [59].

Volume 38 e Number 2 e March 2022



197ZIMNZIDBPpXZOBBqeOATDOAEIDYIASALLIAIPOOAEIEAHION/AO AUMY TXOMADYOINX Y0

HISgbz3ay 1o +erNiIOITWNOJZTARY HdasHNAYg Aq ABojoiaiuaoniseh-09/wod mm| sieulnol/:dny wouy papeojumoq

¥202/8T/1T U0

The gutliver axis in cholangiopathies Cariello et al.

Bile acids synthesis is energetically costly; there-
fore, bile acids are efficiently re-circulated between
the intestine and the liver in the so-called enterohe-
patic circulation. In fact, once they reach the terminal
ileum 95% of bile acids are reabsorbed and travel via
the portal vein back to the liver. Only 5% escape this
recycling route, travel through the colon and are then
excreted into faeces. The enterohepatic circulation
and bile acid metabolism are modulated by nutrition
and metabolic hormones. Metabolic nuclear recep-
tors are crucial in this modulation, because they sense
the available nutrients introduced with the diet or
metabolites (including bile acids) produced according
to nutritional inputs and prime the transcription of
genes and hormones that orchestrate it. In particular,
the Farnesoid X receptor (FXR) is a nuclear receptor
and transcription factor highly expressed in the liver
and intestine, activated by bile acids and is the master
regulator of their homeostasis. FXR exploits its func-
tion with tissue-specific activities. In particular, at
intestinal level, FXR promotes bile acids transport
within the enterocytes, inducing IBABP [60-62],
and their basolateral secretion into the portal circu-
lation, inducing OSTa/B [63]. Apical enterocytes reab-
sorption via ASBT and sinusoidal hepatic re-uptake
from the portal blood via NTCP present with species-
specific differences and their precise regulation is still
under debate, however in most instances FXR
decreases ASBT expression [64]. Also, FXR induces
the expression of the hepatic canalicular bile acid
transport protein ABCB11 [57] and phospholipid
flop-pase ABCB4 [65]. Moreover, FXR activation pro-
motes the expression of BA-CoA-amino acid N-ace-
tyltransferase (BAAT) and bile acid CoA synthase
(BACS) [66], the two enzymes responsible of bile acids
conjugation. As a result, cytotoxicity of detergent bile
acid molecules in the biliary tract is prevented. Apart
from regulating BAs transport, FXR regulates their
synthesis and metabolism. In particular, at intestinal
levels, FXR induces the expression of the fibroblast
growth factor 15/19 (FGF15/19, 15inmouseand 19in
humans), a peculiar family member of the FGF family,
that acts as a metabolic hormone. Once produced,
FGF15/19 is immediately secreted into the portal
circulation and reaches the liver, where it binds to
FGFR4-B Klotho (KLB) co-receptor heterodimer start-
ing a phosphorylation cascade ultimately inhibiting
Cyp7al expression, hence bile acids synthesis. Bile
acids synthesis is also subjected to hepatic control, a
mechanism that works in synergy with the intestinal
one. Sophisticated experimental models have shown
that the intestinal FXR and FGF19 is the predominant
duo for the regulation of Cyp7al [67-69], while
the hepatic FXR-SHP duo importantly controls
KLB expression [70] with the aim of optimizing
FGF19 action.
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Bile acid based pharmacological treatment

Cholangiopathies still present with unmet thera-
peutic strategies, also taking into account that on
average 30-40% of patients undergoing liver trans-
plantation will have recurrence of the original ill-
ness [71]. In addition, patients affected by
cholangiopathies have an increased risk of develop-
ing cholangiocarcinoma [72"].

Primary biliary cholangitis

Until 2016, URSO has been the only approved drug
for the clinical management of PBC. However, as for
PSC, over 30% of patients do not achieve a sufficient
hepatic biochemical response defined as a reduction
in the surrogate biomarker ALP to less than 40%
[73]. Evidence suggests that 13-15mg/kg/day in
divided doses is the most beneficial dose of UDCA
in PBC patients. Lower or higher doses do not seem
to display benefits when compared to the intermedi-
ate one [74], while much higher doses (up to 30 mg/
kg/day) have shown to be harmful in patients with
PSC [75]. In the 2016, FDA approved the use of
obethicholic acid (OCA) - a transcriptional modifier
of bile formation and a strong activator of the bile
acid sensor FXR — as a second therapy for PBC
patients in combination with URSO or in those
who are unresponsive to UDCA [76,77]. Currently,
a phase IV study on OCA is ongoing and evaluating
clinical outcomes and hard primary end points
including hepatic decompensation, transplant and
death in PBC patients (the COBALT study, clinical-
trials.gov NCT02308111). As seen in clinical studies
testing FXR agonists in PSC, the most common
adverse event in PBC is dose-dependent mild to
moderate pruritus [76,77]. In addition to OCA,
the effects of two other FXR agonists: tropifexor
and EDP-305 are being trialed. A multipart, double
blind clinical study to assess safety, tolerability and
efficacy of tropifexor has recently been completed
(clinicaltrial.gov  NCT02516605) and results are
awaited. After recently published promising results
about the efficacy of EDP-305 in a mouse model of
preestablished biliary fibrosis and steatohepatitis
[78™], a clinical trial to assess safety, tolerability,
pharmacokinetics and efficacy of EDP-305 has been
completed and results are anticipated.

Primary sclerosing cholangitis

To date, no therapeutic strategy has been proven
to be successful in arresting PSC progression and
current options focus on the management of symp-
toms, such as pruritus and fatigue and comorbid-
ities, such as ulcerative colitis usually with a
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pancolitis phenotype, autoimmune diseases, meta-
bolic bone diseases and bacterial cholangitis. Clin-
ical endoscopic management of biliary strictures
[79] and the use of antibiotics have been key strat-
egies for handling the majority of complications. In
particular, given its immunomodulatory action and
ability to increase the production of antimicrobial
peptides, oral vancomycin has been used, especially
to manage IBD-associated PSC [80]. In a recently
completed small clinical trial, oral vancomycin has
been shown to improve liver biochemistry, it was
well tolerated and no patient displayed treatment
adverse event [81]. However, despite showing prom-
ising results, formal recommendations are not avail-
able yet [82] and further clinical trials are ongoing
(clinicaltrials.gov NCT03710122). One of the most
extensively studied therapeutic agents for PSC is
Ursodeoxycholic acid (UDCA), a secondary bile acid
with cytoprotective activities given his high hydro-
philicity. UDCA has anticholestatic effects, stimu-
lates BAs and organic anion secretion and the
secretion of biliary bicarbonate at hepatocytes and
cholangiocytes level leading to the stabilization of
the biliary umbrella [83-85]. URSO is also believed
to have a beneficial influence on the immune sys-
tem with its anti-inflammatory properties and
reduces the severity of cell injury [86]. Different
clinical trials have been performed, and it has been
shown that UDCA may slow down PSC progression
at some level;, however, a real clinical effectiveness
has yet to be demonstrated [84,85]. It has been
shown that at a moderate dose (13-15mg/kg/day)
in some PSC patients reduces liver enzymes (e.g.
ALP) compared with placebo; however, no signifi-
cant difference in clinical endpoints has been
achieved. Currently, there are no consensus guide-
lines [e.g. the American Society of Hepatology Clin-
ical Practice Guidelines (2010), the American
College of Gastroenterology Guidelines (2015)
and the European Hepatology Society Clinical Prac-
tice Guidelines (2009)] regarding the use of low to
moderate doses of UDCA in PSC [87]. After a prom-
ising phase II study result [88], a phase 3 study is
ongoing (clinicaltrials.gov NCT03872921) testing
the use of 24-norursodeoxycholic acid (norUDCA).
NorUDCA is a side chain-shortened C23 homologue
of UDCA and a synthetic bile acid, producing a bile
acid dependent bicarbonate-rich choleresis. Also,
other studies are ongoing testing the efficacy of
UDCA in combination with all-trans retinoic acid
[89].

Novel therapeutic approaches encompass the
use of OCA. Recently, a randomized, placebo-con-
trolled, phase II clinical study of OCA in PSC was
completed. This study has shown that treatment
with 5-10 mg of OCA reduced serum ALP in patients
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with PSC during an initial 24-weeks treatment
period. Mild to moderate dose-related pruritus was
the most common adverse event. The result was
sustained during the following 2-year, long-term
extension of the study [90*"]. Another FXR agonist,
Cilofexor (aka GS-9674) has also been tested in a
phase II double-blind, placebo-controlled study for
12 weeks. Cilofexor was well tolerated and led to a
dose-dependent significant improvement in liver
biochemistries and markers of cholestasis in patients
with PSC, with pruritus as the most common
adverse event [91]. Intriguingly, given the role of
the FXR-FGF19 duo in controlling bile acids syn-
thesis and homeostasis, also an analogue of FGF19
has been recently tested in clinical trials for PSC.
Alda-fermin (aka NGM282) is an engineered version
of FGF19 that display its bile acids homeostasis
regulatory properties but lack its potential pro-
tumorigenic activity [92]. Aldafermin has been
tested in clinical trials to treat PSC patients. A phase
2 study has shown that after 12 weeks of treatment
there were no significant changes in serum ALP
levels from baseline between the Aldafermin and
placebo groups (primary endpoint), despite signifi-
cant reduction in markers of cholestasis and fibrosis
in the treatment group [93].

CONCLUSION

Cholangiopathies continue to have high mortality
and pose significant challenges for their clinical
management. Apart from the ones described in this
review, there are also other therapies currently being
developed or trialled. One of them is the clinical use
of fibrates, targeting peroxisome proliferator-acti-
vated receptors (PPARs). PPARs are three nuclear
receptors (o, B and 8) also partially involved in
the regulation of BAs homeostasis. Fenofibrate
and bezafibrate are among some of the most prom-
ising emerging therapies for PBC [94-97]. Moreover,
there are studies on the use of immunomodulators
with and without concomitant use of UDCA (e.g.
budesonide [98-101], methotrexate [102-105],
mycophenolate [106-108], mAb or modulator of
T-cell activity or recruitment [109,110], agents tar-
geting oxidative stress and inflammation [111]).
However, studies are still small and clinical trial
design and execution are held back by several fac-
tors, including the heterogeneity of clinical presen-
tation and progression, the rarity of these diseases
and the difficult decision about clinically relevant
endpoints. Although a number of molecular mech-
anisms and genetic abnormalities typically involved
in the pathogenesis of cholangiopathies are being
unravelled, significant points are still obscure and
environmental contributors are largely unknown.
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This clearly influences the generation of knowl-

edge translation into clinical therapies and trans-
versal applicability of the current results to patients
is difficult. UDCA remains the cornerstone therapy

of

cholangiopathies, despite other abnormalities

characterize the pathogenesis and progression of
these disease (e.g. immune problems and dysbiosis).

Acknowledgements
None.

Financial support and sponsorship

This work was supported by AIRC IG 2019 23239 to
AM.

Conflicts of interest
There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING

Papers of particular interest, published within the annual period of review, have
been highlighted as:

of special interest

mm  of outstanding interest

1.

2.

10.

11.
12,
13.
14.

15.

16.

17.

0267-1379 Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Ely R, Long B, Koyfman A. The emergency medicine-focused review of
cholangitis. J Emerg Med 2018; 54:64-72.

Kimura Y, Takada T, Kawarada Y, et al. Definitions, pathophysiology, and
epidemiology of acute cholangitis and cholecystitis: Tokyo Guidelines. J
Hepatobiliary Pancreat Surg 2007; 14:15-26.

. Younossi ZM, Bernstein D, Shiffman ML, et al. Diagnosis and management of

primary biliary cholangitis. Am J Gastroenterol 2019; 114:48-63.

. Boonstra K, Weersma RK, van Erpecum KJ, et al. Population-based epide-

miology, malignancy risk, and outcome of primary sclerosing cholangitis.
Hepatology 2013; 58:2045-2055.

. Lazaridis KN, LaRusso NF. Primary sclerosing cholangitis. N Engl J Med

2016; 375:2501-2502.

. Boonstra K, Beuers U, Ponsioen CY. Epidemiology of primary sclerosing

cholangitis and primary biliary cirrhosis: a systematic review. J Hepatol 2012;
56:1181-1188.

. Floreani A, Franceschet |, Cazzagon N, et al. Extrahepatic autoimmune

conditions associated with primary biliary cirrhosis. Clin Rev Allergy Immunol
2015; 48:192-197.

. Akimoto S, Abe M, Ishikawa O, et al. HLA-DRB1 and DQB1 genes in

anticentromere antibody positive patients with SSc and primary biliary
cirrhosis. Ann Rheum Dis 2001; 60:639-640.

. Corpechot C, Chretien Y, Chazouilleres O, et al. Demographic, lifestyle,

medical and familial factors associated with primary biliary cirrhosis. J
Hepatol 2010; 53:162-169.

Oertelt S, Rieger R, Selmi C, et al. A sensitive bead assay for antimitochon-
drial antibodies: chipping away at AMA-negative primary biliary cirrhosis.
Hepatology 2007; 45:659-665.

Lindor KD, Gershwin ME, Poupon R, et al. Primary biliary cirrhosis. Hepatol-
ogy 2009; 50:291-308.

Kremer AE, Namer B, Bolier R, et al. Pathogenesis and management of
pruritus in PBC and PSC. Dig Dis 2015; 33(Suppl 2):164—-175.
Kempinska-Podhorodecka A, Milkiewicz M, Wasik U, et al. Decreased
expression of Vitamin D receptor affects an immune response in primary
biliary cholangitis via the VDR-miRNA155-SOCS1 pathway. Int J Mol Sci
2017; 18:289.

Sorokin A, Brown JL, Thompson PD. Primary biliary cirrhosis, hyperlipidemia,
and atherosclerotic risk: a systematic review. Atherosclerosis 2007;
194:293-299.

Cavazza A, Caballeria L, Floreani A, et al. Incidence, risk factors, and survival
of hepatocellular carcinoma in primary biliary cirrhosis: comparative analysis
from two centers. Hepatology 2009; 50:1162—-1168.

Lleo A, Selmi C, Invernizzi P, et al. Apotopes and the biliary specificity of
primary biliary cirrhosis. Hepatology 2009; 49:871-879.

Chang JC, Go S, Verhoeven AJ, et al. Role of the bicarbonate-responsive
soluble adenylyl cyclase in cholangiocyte apoptosis in primary biliary cho-
langitis; a new hypothesis. Biochim Biophys Acta Mol Basis Dis 2018;
1864:1232-1239.

18.

19.

20.

21.

Tsuneyama K, Van de Water J, Leung PS, et al. Abnormal expression of the
E2 component of the pyruvate dehydrogenase complex on the luminal
surface of biliary epithelium occurs before major histocompatibility complex
class Il and BB1/B7 expression. Hepatology 1995; 21:1031-1037.
Tsuneyama K, Baba H, Morimoto Y, et al. Primary biliary cholangitis: its
pathological characteristics and immunopathological mechanisms. J Med
Invest 2017; 64:7-13.

Shimoda S, Hisamoto S, Harada K, et al. Natural killer cells regulate T cell
immune responses in primary biliary cirrhosis. Hepatology 2015;
62:1817-1827.

Gulamhusein AF, Hirschfield GM. Primary biliary cholangitis: pathogenesis and
therapeutic opportunities. Nat Rev Gastroenterol Hepatol 2020; 17:93-110.

This excellent review summarizes the current understanding of PBC pathogenesis,
focusing on therapeutic modulation of bile acid synthetic pathways both intrahe-
patically and via manipulation of the gut-liver axis.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

Krams SM, Van de Water J, Coppel RL, et al. Analysis of hepatic T
lymphocyte and immunoglobulin deposits in patients with primary biliary
cirrhosis. Hepatology 1990; 12:306-313.

Rong G, Zhou Y, Xiong Y, et al. Imbalance between T helper type 17 and T
regulatory cells in patients with primary biliary cirrhosis: the serum cytokine
profile and peripheral cell population. Clin Exp Immunol 2009;
156:217-225.

Tsuda M, Ambrosini YM, Zhang W, et al. Fine phenotypic and functional
characterization of effector cluster of differentiation 8 positive T cells in human
patients with primary biliary cirrhosis. Hepatology 2011; 54:1293-1302.
Wang L, Sun Y, Zhang Z, et al. CXCR5+ CD4+ T follicular helper cells
participate in the pathogenesis of primary biliary cirrhosis. Hepatology 2015;
61:627-638.

Shimoda S, Harada K, Niiro H, etal. CX3CL1 (fractalkine): a signpost for biliary
inflammation in primary biliary cirrhosis. Hepatology 2010; 51:567-575.
Dyson JK, Beuers U, Jones DEJ, et al. Primary sclerosing cholangitis. Lancet
2018; 391:2547-2559.

Henriksen EKK, Viken MK, Wittig M, et al. HLA haplotypes in primary
sclerosing cholangitis patients of admixed and non-European ancestry.
HLA 2017; 90:228-233.

Liu JZ, Hov JR, Folseraas T, et al. Dense genotyping of immune-related
disease regions identifies nine new risk loci for primary sclerosing cholangitis.
Nat Genet 2013; 45:670-675.

Melum E, Franke A, Schramm C, et al. Genome-wide association analysis in
primary sclerosing cholangitis identifies two non-HLA susceptibility loci. Nat
Genet 2011; 43:17-19.

Gidwaney NG, Pawa S, Das KM. Pathogenesis and clinical spectrum of
primary  sclerosing cholangitis. World J  Gastroenterol 2017;
23:2459-2469.

Karlsen TH, Folseraas T, Thorburn D, et al. Primary sclerosing cholangitis: a
comprehensive review. J Hepatol 2017; 67:1298-1323.

Arndtz K, Hirschfield GM. Quality of life and primary sclerosing cholangitis:
the business of defining what counts. Hepatology 2018; 68:16—-18.
Khaderi SA, Sussman NL. Screening for malignancy in primary sclerosing
cholangitis (PSC). Curr Gastroenterol Rep 2015; 17:17.

Razumilava N, Gores GJ. Classification, diagnosis, and management of
cholangiocarcinoma. Clin Gastroenterol Hepatol 2013; 11:13-21; e1; quiz
e3-4.

Bjornsson E, Olsson R, Bergquist A, et al. The natural history of small-duct
primary sclerosing cholangitis. Gastroenterology 2008; 134:975-980.
Yokoda RT, Carey EJ. Primary biliary cholangitis and primary sclerosing
cholangitis. Am J Gastroenterol 2019; 114:1593-1605.

Qin N, Yang F, Li A, et al. Alterations of the human gut microbiome in liver
cirrhosis. Nature 2014; 513:59-64.

Ruhlemann M, Liwinski T, Heinsen FA, et al. Consistent alterations in faecal
microbiomes of patients with primary sclerosing cholangitis independent of
associated colitis. Aliment Pharmacol Ther 2019; 50:580-589.
Guicciardi ME, Trussoni CE, Krishnan A, et al. Macrophages contribute to the
pathogenesis of sclerosing cholangitis in mice. J Hepatol 2018; 69:676-686.
Lichtman SN, Okoruwa EE, Keku J, et al. Degradation of endogenous
bacterial cell wall polymers by the muralytic enzyme mutanolysin prevents
hepatobiliary injury in genetically susceptible rats with experimental intestinal
bacterial overgrowth. J Clin Invest 1992; 90:1313-1322.

Bajer L, Kverka M, Kostovcik M, et al. Distinct gut microbiota profiles in
patients with primary sclerosing cholangitis and ulcerative colitis. World J
Gastroenterol 2017; 23:4548-4558.

Kevans D, Tyler AD, Holm K, et al. Characterization of intestinal microbiota in
ulcerative colitis patients with and without primary sclerosing cholangitis. J
Crohns Colitis 2016; 10:330-337.

Kummen M, Holm K, Anmarkrud JA, et al. The gut microbial profile in patients
with primary sclerosing cholangitis is distinct from patients with ulcerative
colitis without biliary disease and healthy controls. Gut 2017; 66:611-619.
Quraishi MN, Acharjee A, Beggs AD, et al. A pilot integrative analysis of
colonic gene expression, gut microbiota, and immune infiltration in primary
sclerosing cholangitis-inflammatory bowel disease: association of disease
with bile acid pathways. J Crohns Colitis 2020; 14:935-947.

This pilot study, via a comparative systems biology approach, evaluates the colonic
mucosal transcriptome, mucosal-adherent gut microbiota profiles and mucosal
immunophenotype in patients with PSC-IBD, UC and healthy controls.

www.co-gastroenterology.com 141



#202/8T/TT U0 =197ZIMNZIDBPXZOBBAROATIAEIDPIASALLIAYPOOALIEAHION/AD AUMYTXDOMADYOINX O

HISgbz3ay 1o +erNiIOITWNOJZTARY HdasHNAYg Aq ABojoiaiuaoniseh-09/wod mm| sieulnol/:dny wouy papeojumoq

Biliary tract

46. Vieira-Silva S, Sabino J, Valles-Colomer M, et al. Quantitative microbiome
profiling disentangles inflammation- and bile duct obstruction-associated
micro-biota alterations across PSC/IBD diagnoses. Nat Microbiol 2019;
4:1826-1831.

47. Katt J, Schwinge D, Schoknecht T, et al. Increased T helper type 17 response
to pathogen stimulation in patients with primary sclerosing cholangitis.
Hepatology 2013; 58:1084-1093.

48. Liwinski T, Zenouzi R, John C, et al. Alterations of the bile microbiome in
primary sclerosing cholangitis. Gut 2020; 69:665-672.

49. Hov JR, Karlsen TH. The Microbiome in Primary Sclerosing Cholangitis:
Current Evidence and Potential Concepts. Semin Liver Dis 2017,
37:314-331.

50. Molyneaux PL, Cox MJ, Willis-Owen SA, et al. The role of bacteria in the
pathogenesis and progression of idiopathic pulmonary fibrosis. Am J Respir
Crit Care Med 2014; 190:906-913.

51. Arumugam M, Raes J, Pelletier E, et al. Enterotypes of the human gut
microbiome. Nature 2011; 473:174-180.

52. Lemoinne S, Kemgang A, Ben Belkacem K, et al. Fungi participate in the
dysbiosis of gut microbiota in patients with primary sclerosing cholangitis.
Gut 2020; 69:92-102.

53. Allegretti JR, Kassam Z, Carrellas M, et al. Fecal microbiota transplantation in
patients with primary sclerosing cholangitis: a pilot clinical trial. Am J
Gastroenterol 2019; 114:1071-1079.

54. DeFilipp Z, Bloom PP, Torres Soto M, et al. Drug-resistant E. coli bacteremia
transmitted by fecal microbiota transplant. N Engl J Med 2019;
381:2043-2050.

55. Repa JJ, Mangelsdorf DJ. The role of orphan nuclear receptors in the
regulation of cholesterol homeostasis. Annu Rev Cell Dev Biol 2000;
16:459-481.

56. Berge KE, Tian H, Graf GA, et al. Accumulation of dietary cholesterol in
sitosterolemia caused by mutations in adjacent ABC transporters. Science
2000; 290:1771-1775.

57. Gerloff T, Stieger B, Hagenbuch B, et al. The sister of P-glycoprotein
represents the canalicular bile salt export pump of mammalian liver. J Biol
Chem 1998; 273:10046-10050.

58. Smit JJ, Schinkel AH, Oude Elferink RP, et al. Homozygous disruption ofthe
murine mdr2 P-glycoprotein gene leads to a complete absence of phos-
pholipid from bile and to liver disease. Cell 1993; 75:451-462.

59. van Erpecum KJ. Biliary lipids, water and cholesterol gallstones. Biol Cell
2005; 97:815-822.

60. Gong YZ, Everett ET, Schwartz DA, et al. Molecular cloning, tissue distribu-
tion, and expression of a 14-kDa bile acid-binding protein from rat ileal
cytosol. Proc Natl Acad Sci U S A 1994; 91:4741-4745.

61. Tochtrop GP, DeKoster GT, Covey DF, et al. A single hydroxyl group governs
ligand site selectivity in human ileal bile acid binding protein. J Am Chem Soc
2004; 126:11024-11029.

62. Toke O, Monsey JD, DeKoster GT, et al. Determinants of cooperativity and
site selectivity in human ileal bile acid binding protein. Biochemistry 2006;
45:727-737.

63. Dawson PA, Hubbert M, Haywood J, et al. The heteromeric organic solute
transporter alpha-beta, Ostalpha-Ostbeta, is an ileal basolateral bile acid
transporter. J Biol Chem 2005; 280:6960-6968.

64. Wong MH, Oelkers P, Dawson PA. Identification of a mutation in the ileal
sodium-dependent bile acid transporter gene that abolishes transport activ-
ity. J Biol Chem 1995; 270:27228-27234.

65. Huang L, Zhao A, Lew JL, et al Farnesoid X receptor activates
transcription of the phospholipid pump MDRS3. J Biol Chem 20083;
278:51085-51090.

66. Pircher PC, Kitto JL, Petrowski ML, et al. Farnesoid X receptor regulates bile
acid-amino acid conjugation. J Biol Chem 2003; 278:27703-27711.

67. Kim |, Ahn SH, Inagaki T, et al. Differential regulation of bile acid homeostasis
by the farnesoid X receptor in liver and intestine. J Lipid Res 2007;
48:2664-2672.

68. Kong B, Wang L, Chiang JY, et al. Mechanism of tissue-specific farnesoid X
receptor in suppressing the expression of genes in bile-acid synthesis in
mice. Hepatology 2012; 56:1034-1043.

69. Lee YK, Schmidt DR, Cummins CL, et al. Liver receptor homolog-1 regulates
bile acid homeostasis but is not essential for feedback regulation of bile acid
synthesis. Mol Endocrinol 2008; 22:1345-1356.

70. Fu T, Kim YC, Byun S, et al. FXR primes the liver for intestinal FGF15
signaling by transient induction of beta-Klotho. Mol Endocrinol 2016;
30:92-103.

71. Pena Polanco NA, Levy C, Martin EF. Cholestatic liver diseases after liver
transplant. Clin Liver Dis 2017; 21:403-420.

72. Banales JM, Marin JJG, Lamarca A, et al. Cholangiocarcinoma 2020: the next

m  horizon in mechanisms and management. Nat Rev Gastroenterol Hepatol
2020; 17:5657-588.

This excellent review summarizes and critically discusses the latest advances in
cholangiocarcinoma mostly focusing on classification, cells of origin, genetic and
epigenetic abnormalities, molecular alterations, biomarker discovery and treat-
ments.

73. Kaplan MM, Gershwin ME. Primary biliary cirrhosis. N Engl J Med 2005;
353:1261-1273.

142 www.co-gastroenterology.com

74.

75.

76.

717.

78.

Angulo P, Dickson ER, Therneau TM, et al. Comparison of three doses of
ursodeoxycholic acid in the treatment of primary biliary cirrhosis: a rando-
mized trial. J Hepatol 1999; 30:830-835.

Lindor KD, Kowdley KV, Luketic VA, et al. High-dose ursodeoxycholic acid for
the treatment of primary sclerosing cholangitis. Hepatology 2009;
50:808-814.

Hirschfield GM, Mason A, Luketic V, et al. Efficacy of obeticholic acid in
patients with primary biliary cirrhosis and inadequate response to ursodeoxy-
cholic acid. Gastroenterology 2015; 148:751-761.

Nevens F, Andreone P, Mazzella G, et al. A placebo-controlled trial of
obeticholic acid in primary biliary cholangitis. N Engl J Med 2016;
375:631-643.

An P, Wei G, Huang P, et al. A novel nonbile acid FXR agonist EDP-305
potently suppresses liver injury and fibrosis without worsening of ductular
reaction. Liver Int 2020; 40:1655-1669.

In this study, the authors show some successful preclinical results on two rodent
models of biliary and metabolically induced liver disease achieved by a novel
nonbile acid FXR drugs, EDP-305.

79.

80.

81.

82,

83.

84.

85.

86.

87.

88.

89.

90.

Barkin JA, Levy C, Souto EO. Endoscopic management of primary sclerosing
cholangitis. Ann Hepatol 2017; 16:842-850.

Abarbanel DN, Seki SM, Davies Y, et al. Immunomodulatory effect of
vancomycin on Treg in pediatric inflammatory bowel disease and primary
sclerosing cholangitis. J Clin Immunol 2013; 33:397-406.

Ali AH, Damman J, Shah SB, et al. Open-label prospective therapeutic
clinical trials: oral vancomycin in children and adults with primary sclerosing
cholangitis. Scand J Gastroenterol 2020; 55:941-950.

Damman JL, Rodriguez EA, Ali AH, et al. Review article: the evidence that
vancomycin is a therapeutic option for primary sclerosing cholangitis. Aliment
Pharmacol Ther 2018; 47:886-895.

Beuers U, Trauner M, Jansen P, et al. New paradigms in the treatment of
hepatic cholestasis: from UDCA to FXR, PXR and beyond. J Hepatol 2015;
62(Suppl 1):525-S837.

Poropat G, Giljaca V, Stimac D, et al. Bile acids for primary sclerosing
cholangitis. Cochrane Database Syst Rev 2011; CD003626.

Shi J, Li Z, Zeng X, et al. Ursodeoxycholic acid in primary sclerosing
cholangitis: meta-analysis of randomized controlled trials. Hepatol Res
2009; 39:865-873.

Paumgartner G, Beuers U. Ursodeoxycholic acid in cholestatic liver disease:
mechanisms of action and therapeutic use revisited. Hepatology 2002;
36:525-531.

Hasegawa S, Yoneda M, Kurita Y, et al. Cholestatic liver disease: current
treatment strategies and new therapeutic agents. Drugs 2021; 81:
1181-1192.

Fickert P, Hirschfield GM, Denk G, et al norUrsodeoxycholic acid
improves cholestasis in primary sclerosing cholangitis. J Hepatol 2017;
67:549-558.

Assis DN, Abdelghany O, Cai SY, et al. Combination therapy of all-trans
retinoic acid with ursodeoxycholic acid in patients with primary sclerosing
cholangitis: a human pilot study. J Clin Gastroenterol 2017; 51:e11-e16.
Kowdley KV, Vuppalanchi R, Levy C, et al. Arandomized, placebo-controlled,
phase Il study of obeticholic acid for primary sclerosing cholangitis. J Hepatol
2020; 73:94-101.

This study is a randomized, placebo-controlled, phase Il study of obeticholic acid
for primary sclerosing cholangitis.

91.

92,

93.

94.

95.

96.

97.

98.

Trauner M, Gulamhusein A, Hameed B, et al. The nonsteroidal Farnesoid X
receptor agonist Cilofexor (GS-9674) improves markers of cholestasis and
liver injury in patients with primary Sclerosing Cholangitis. Hepatology 2019;
70:788-801.

Zhou M, Wang X, Phung V, et al. Separating tumorigenicity from bile acid
regulatory activity for endocrine hormone FGF19. Cancer Res 2014;
74:3306-3316.

Hirschfield GM, Chazouilleres O, Drenth JP, et al. Effect of NGM282,
an FGF19 analogue, in primary sclerosing cholangitis: a multicenter, rando-
mized, double-blind, placebo-controlled phase Il trial. J Hepatol 2019;
70:483-493.

Cheung AC, Lapointe-Shaw L, Kowgier M, et al. Combined ursodeoxycholic
acid (UDCA) and fenofibrate in primary biliary cholangitis patients with
incomplete UDCA response may improve outcomes. Aliment Pharmacol
Ther 2016; 43:283-293.

Corpechot C, Chazouilleres O, Rousseau A, et al. A placebo-controlled trial
of bezafibrate in primary biliary cholangitis. N Engl J Med 2018; 378:
2171-2181.

Jones D, Boudes PF, Swain MG, et al. Seladelpar (MBX-8025), a selective
PPAR-delta agonist, in patients with primary biliary cholangitis with an
inadequate response to ursodeoxycholic acid: a double-blind, randomised,
placebo-controlled, phase 2, proof-of-concept study. Lancet Gastroenterol
Hepatol 2017; 2:716-726.

Levy C, Peter JA, Nelson DR, et al. Pilot study: fenofibrate for patients with
primary biliary cirrhosis and an incomplete response to ursodeoxycholic acid.
Aliment Pharmacol Ther 2011; 33:235-242.

Angulo P, Jorgensen RA, Keach JC, et al. Oral budesonide in the treatment of
patients with primary biliary cirrhosis with a suboptimal response to urso-
deoxycholic acid. Hepatology 2000; 31:318-323.

Volume 38 e Number 2 e March 2022



#202/8T/TT U0 =197ZIMNZIDBPXZOBBAROATIAEIDPIASALLIAYPOOALIEAHION/AD AUMYTXDOMADYOINX O

HISgbz3ay 1o +erNiIOITWNOJZTARY HdasHNAYg Aq ABojoiaiuaoniseh-09/wod mm| sieulnol/:dny wouy papeojumoq

The gutliver axis in cholangiopathies Cariello et al.

99.

100.

101.

102.

103.

104.

105.

Fang YQ, Lv DX, Jia W, et al. Case-control study on prednisolone combined
with ursodeoxycholic acid and azathioprine in pure primary biliary cirrhosis
with high levels of immunoglobulin G and transaminases: efficacy and safety
analysis. Medicine (Baltimore) 2014; 93:e104.

Leuschner M, Maier KP, Schlichting J, et al. Oral budesonide and ursodeoxy-
cholic acid for treatment of primary biliary cirrhosis: results of a prospective
double-blind trial. Gastroenterology 1999; 117:918-925.

Rautiainen H, Karkkainen P, Karvonen AL, et al. Budesonide combined with
UDCA to improve liver histology in primary biliary cirrhosis: a three-year
randomized trial. Hepatology 2005; 41:747-752.

Combes B, Emerson SS, Flye NL, et al. Methotrexate (MTX) plus ursodeoxy-
cholic acid (UDCA) in the treatment of primary biliary cirrhosis. Hepatology
2005; 42:1184-1193.

Heathcote EJ. Evidence-based therapy of primary biliary cirrhosis. Eur J
Gastroenterol Hepatol 1999; 11:607-615.

Kaplan MM, Cheng S, Price LL, et al. A randomized controlled trial of
colchicine plus ursodiol versus methotrexate plus ursodiol in primary biliary
cirrhosis: ten-year results. Hepatology 2004; 39:915-923.

Leung J, Bonis PA, Kaplan MM. Colchicine or methotrexate, with ursodiol, are
effective after 20years in a subset of patients with primary biliary cirrhosis.
Clin Gastroenterol Hepatol 2011; 9:776-780.

106.

107.

108.
109.
110.

111.

0267-1379 Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Rabahi N, Chretien Y, Gaouar F, et al. Triple therapy with ursodeoxycholic
acid, budesonide and mycophenolate mofetil in patients with features of
severe primary biliary cirrhosis not responding to ursodeoxycholic acid alone.
Gastroenterol Clin Biol 2010; 34:283-287.

Talwalkar JA, Angulo P, Keach JC, et al. Mycophenolate mofetil for
the treatment of primary biliary cirrhosis in patients with an
incomplete response to ursodeoxycholic acid. J Clin Gastroenterol 2005;
39:168-171.

Talwalkar JA, Angulo P, Keach JC, et al. Mycophenolate mofetil for the
treatment of primary sclerosing cholangitis. Am J Gastroenterol 2005;
100:308-312.

Khanna A, Jopson L, Howel D, et al. Rituximab is ineffective for treatment of
fatigue in primary biliary cholangitis: a phase 2 randomized controlled trial.
Hepatology 2019; 70:1646—-1657.

Myers RP, Swain MG, Lee SS, et al. B-cell depletion with rituximab in patients
with primary biliary cirrhosis refractory to ursodeoxycholic acid. Am J Gastro-
enterol 2013; 108:933-941.

Wunsch E, Raszeja-Wyszomirska J, Barbier O, et al. Effect of S-adenosyl-L-
methionine on liver biochemistry and quality of life in patients with primary
biliary cholangitis treated with ursodeoxycholic acid. A prospective, open
label pilot study. J Gastrointestin Liver Dis 2018; 27:273-279.

www.co-gastroenterology.com 143



