ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of

World | Gastroenterol 2022 November 28; 28(44): 6206-6313

Published by

JBaishideng®



Jaishideng®

Contents Weekly Volume 28 Number 44 November 28, 2022

EDITORIAL

6206  Medical imaging for pancreatic diseases: Prediction of severe acute pancreatitis complicated with acute
respiratory distress syndrome
Song LJ, Xiao B
REVIEW

6213  Role of intestinal flora in primary sclerosing cholangitis and its potential therapeutic value
Li ZJ, Gou HZ, Zhang YL, Song XJ, Zhang L

6230  Machine learning insights concerning inflammatory and liver-related risk comorbidities in non-
communicable and viral diseases
Martinez JA, Alonso-Bernadldez M, Martinez-Urbistondo D, Vargas-Nuiiez JA, Ramirez de Molina A, Davalos A, Ramos-
Lopez O
MINIREVIEWS

6249  Development of Epstein-Barr virus-associated gastric cancer: Infection, inflammation, and oncogenesis
lizasa H, Kartika AV, Fekadu S, Okada S, Onomura D, Wadi AFAA, Khatun MM, Moe TM, Nishikawa J, Yoshiyama H

6258  Glucagon-like peptide-2 analogues for Crohn’s disease patients with short bowel syndrome and intestinal
failure
Pizzoferrato M, Puca P, Ennas S, Cammarota G, Guidi L
ORIGINAL ARTICLE
Retrospective Study

6271  Postoperative outcomes and recurrence patterns of intermediate-stage hepatocellular carcinoma dictated
by the sum of tumor size and number
Hu XS, Yang HY, Leng C, Zhang ZW
Observational Study

6282  Virological and histological evaluation of intestinal samples in COVID-19 patients
Cuicchi D, Gabrielli L, Tardio ML, Rossini G, D’Errico A, Viale P, Lazzarotto T, Poggioli G
Randomized Controlled Trial

6294 Randomized controlled trial to evaluate the efficacy and safety of fexuprazan compared with
esomeprazole in erosive esophagitis
Lee KN, Lee OY, Chun HJ, Kim JI, Kim SK, Lee SW, Park KS, Lee KL, Choi SC, Jang JY, Kim GH, Sung IK, Park MI, Kwon
JG, Kim N, Kim JJ, Lee ST, Kim HS, Kim KB, Lee YC, Choi MG, Lee JS, Jung HY, Lee KJ, Kim JH, Chung H

WJG | https://www.wjgnet.com I November 28,2022 | Volume?28 | Issue44 |



World Journal of Gastroenterology
Contents
Weekly Volume 28 Number 44 November 28, 2022

LETTER TO THE EDITOR

6310 Comment on “Prognostic value of preoperative enhanced computed tomography as a quantitative
imaging biomarker in pancreatic cancer”

Yang J, Liu Y, Liu S

Geisnidenge WIG | https://www.wjgnet.com 11 November 28,2022 | Volume28 | Issue44 |



World Journal of Gastroenterology

Contents
Weekly Volume 28 Number 44 November 28, 2022

ABOUT COVER

Editorial Board of World Journal of Gastroenterology, Minoti V Apte, OAM, MBBS MMEDSci PhD, AGAF, FAHMS,
FGESA, Professor of Medicine, Director Pancreatic Research Group, South Western Sydney Clinical Campuses,
School of Clinical Medicine, UNSW Medicine and Health, University of New South Wales, Sydney 2050, and
Ingham Institute foir Applied Medical Research, Sydney 2170, New South Wales, Australia. m.apte@unsw.edu.au

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJ]G, World | Gastroenterol) is to provide scholars and readers
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical
research articles and communicate their research findings online. WJG mainly publishes articles reporting research
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Current Contents/Clinical Medicine, Journal Citation Reports, Index Medicus, MEDLINE, PubMed, PubMed
Central, Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and
Technology Journal Database, and Superstar Journals Database. The 2022 edition of Journal Citation Reports® cites
the 2021 impact factor (IF) for W]G as 5.374; IF without journal self cites: 5.187; 5-year IF: 5.715; Journal Citation
Indicator: 0.84; Ranking: 31 among 93 journals in gastroenterology and hepatology; and Quartile category: Q2. The
WIJG’s CiteScore for 2021 is 8.1 and Scopus CiteScore rank 2021: Gastroenterology is 18/149.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Y#-Xi Chen; Production Department Director: X# Guo; Editorial Office Director: Jiz-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https:/ /www.wijgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1007-9327 (print) ISSN 2219-2840 (online) https:/ /www.wijgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 1, 1995 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Weekly https:/ /www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski https:/ /www.wignet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wjgnet.com/1007-9327/editorialboard.htm https:/ /www.wijgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
November 28, 2022 https:/ /www.wijgnet.com/bpg/Getlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

Guiewidenge WIG | https://www.wignet.com 11 November 28,2022 | Volume28 | Issue44 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

World Journal of
Gastroenterology

Submit a Manuscript: https:/ /www.f6publishing.com World | Gastroenterol 2022 November 28; 28(44): 6213-6229

DOI: 10.3748 / wjg.v28.144.6213 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Role of intestinal flora in primary sclerosing cholangitis and its
potential therapeutic value

Zhen-Jiao Li, Hong-Zhong Gou, Yu-Lin Zhang, Xiao-Jing Song, Lei Zhang

Specialty type: Gastroenterology Zhen-Jiao Li, Hong-Zhong Gou, Yu-Lin Zhang, Xiao-Jing Song, Lei Zhang, The First Clinical
and hepatology Medical College, Lanzhou University, Lanzhou 730000, Gansu Province, China

Provenance and peer review: Zhen-Jiao Li, Hong-Zhong Gou, Yu-Lin Zhang, Xiao-Jing Song, Lei Zhang, Department of General
Unsolicited article; Externally peer Surgery, The First Hospital of Lanzhou University, Lanzhou 730000, Gansu Province, China

reviewed.

Zhen-Jiao Li, Hong-Zhong Gou, Yu-Lin Zhang, Xiao-Jing Song, Lei Zhang, Laboratory of
Peer-review model: Single blind Biological Therapy and Regenerative Medicine Transformation Gansu Province, The First
Hospital of Lanzhou University, Lanzhou 730000, Gansu Province, China
Peer-review report’s scientific
quality classification
Grade A (Excellent): 0
Grade B (Very good): B
Grade C (Good): C
Grade D (Fair): 0

Corresponding author: Lei Zhang, Doctor, Professor, The First Clinical Medical College,
Lanzhou University, Donggang Road Street, Chengguan District, Lanzhou 730000, Gansu
Province, China. 13993181644(@139.com

Grade E (Poor): 0 Abstract

Primary sclerosing cholangitis (PSC) is an autoimmune disease characterized by
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CG, Taiwan sclerotic occlusion and cholestasis. Gut microbes, consisting of microorganisms

colonized in the human gut, play an important role in nutrient intake, metabolic
homeostasis, immune regulation, and immune regulation; however, their
presence might aid PSC development. Studies have found that gut-liver axis
interactions also play an important role in the pathogenesis of PSC. Patients with
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effective treatment is lacking. However, a number of studies have recently invest-
igated the targeted modulation of gut microbes for the treatment of various liver
diseases (alcoholic liver disease, metabolic fatty liver, cirrhosis, and autoimmune
liver disease). In addition, antibiotics, fecal microbiota transplantation, and
probiotics have been reported as successful PSC therapies as well as for the
treatment of gut dysbiosis, suggesting their effectiveness for PSC treatment.
Therefore, this review briefly summarizes the role of intestinal flora in PSC with
the aim of providing new insights into PSC treatment.
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Core Tip: Primary sclerosing cholangitis (PSC) is an autoimmune disease that currently lacks treatment.
The intestinal flora comprises microorganisms that colonize the human gut and play essential roles in
nutrient intake, metabolic homeostasis, immune regulation, and PSC development. Thus, the intestinal
flora may be a potential therapeutic target for PSC, and many recent studies have attempted to regulate it.
In this review, we have reviewed the role of the intestinal flora in PSC. We believe that our study makes a
significant contribution to the literature because our paper demonstrated the great potential of the gut flora
as a therapeutic target for PSC treatment.
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INTRODUCTION

Primary sclerosing cholangitis (PSC) is an autoimmune-mediated chronic cholestatic liver disease
characterized by progressive bile duct inflammation, leading to intra- and extrahepatic bile duct stenosis
and occlusion and cholestatic cirrhosis[1]. Patients with PSC have a greatly increased risk of developing
cancers (cholangiocarcinoma, gallbladder cancer, hepatocellular carcinoma, and colorectal cancer);
approximately half of patients with PSC develop cancer, ultimately leading to death[2]. Although the
etiology of PSC remains unclear, it is generally accepted that interactions between genetics and the
environment determine PSC development[3]. Owing to the close anatomical and physiological
connection between the intestine and the liver, the intestinal flora is closely related to liver disease[4].
Several studies have suggested that the intestinal flora is involved in PSC development through the gut-
liver axis[5,6]. Moreover, patients with PSC have significantly reduced intestinal flora diversity and an
increased abundance of potentially pathogenic bacteria[7,8]. Intestinal flora dysbiosis leads to increased
intestinal permeability, intestinal lymphocyte homing, entry of bacteria and their associated metabolites
[e.g. bile acids (BAs)] into the liver, activation of the hepatic immune response, and bile duct inflam-
mation and fibrosis[9].

The incidence of PSC is increasing, but an effective treatment does not exist currently. PSC can
eventually progress to cirrhosis or liver failure, but these conditions are still symptomatically treated[10,
11]. For patients with end-stage PSC, liver transplantation is the sole option; however, transplantations
are not universally available owing to high costs and potential transplant rejection. Furthermore,
approximately 30%-50% of patients experience PSC recurrence within 10 years of transplantation[12].

Many studies have reported that the gut flora is a promising therapeutic target for PSC, and that
antimicrobial therapy based on gut flora modulation, fecal microbiota transplantation (FMT), and
probiotics is an emerging therapeutic options[13,14]. Thus, in this review, we discuss the latest research
findings on the role of intestinal flora in PSC and provide important insights into potential microbe-
altering interventions.

PSC PATHOPHYSIOLOGY AND THE GUT-LIVER AXIS

PSC is a rare disease with an incidence of 0.91-1.30/100000. The incidence of small bile duct PSC is
approximately 0.15/100000, with the highest prevalence in the Nordic countries, reaching an incidence
of 16.2/100000[15]. PSC mostly occurs in men aged 40-50 years, with age of diagnosis at 30-40 years and
a male to female ratio of approximately 2:1[1]. The pathogenesis of PSC is complex, but it is currently
believed that interactions between genetic susceptibility factors and environmental promoters plays a
role in the occurrence and development of PSC[16]. Human leukocyte antigen is strongly associated
with PSC pathogenesis[17]. However, the risk ratio for first-degree relatives is approximately 11,
suggesting that environmental factors play a more critical role in the pathogenesis of PSC[18]. In
addition, the geographic distribution of PSC pathogenesis may indicate that the disease is influenced by
the environment[19]. Interactions of the gut-liver axis, such as damage to the intestinal mucosal barrier,
dysbiosis, and immune interactions, also play a role in the pathogenesis of PSC[1].

The gut-liver axis refers to the bidirectional relationship between the intestine, its microbiota, and the
liver, resulting from the interaction of dietary, genetic, and environmental factors[20]. The close
association between the intestine and the liver begins during embryonic development, with both organs
originating together in the ventral foregut endoderm. From a physiological point of view, the gut-liver
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axis is one of the most important links between the intestinal flora and the liver[21]. The liver, which
receives approximately 70% of its blood from the portal vein, is a receiver and filter of nutrients and
bacterially produced toxins and their metabolites. The secretion of substances such as BAs and
antibodies into the intestine acts as a feedback mechanism that affects intestinal homeostasis[22].

Approximately 70% of patients with PSC have concomitant inflammatory bowel disease (IBD) and
more commonly ulcerative colitis (UC)[23-25]. Patients with PSC have a reduced risk of death after a
colectomy, and after receiving liver transplantation, colectomy significantly reduces the risk of PSC
recurrence. This close association between PSC and IBD suggests that intestinal flora may play a key
role in the pathogenesis of PSC[26,27] through the gut-liver axis[28].

PATIENTS WITH PSC AND THEIR DYSBIOSIS OF INTESTINAL FIORA

Intestinal flora dysbiosis

Under normal physiological conditions, the human body contains a large and diverse community of
intestinal microorganisms, reaching up to 10*organisms that comprise more than 1000 species; this is
collectively known as the intestinal flora[29]. A normal intestinal flora is primarily composed of
Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria, which promote nutrient digestion and
absorption, defend against foreign pathogens, regulate immunity, and participate in metabolic
processes[30].

In healthy populations, the intestinal microenvironment is in homeostasis due to the mutual
regulation of various flora. Intestinal flora dysbiosis is a disruption of the dynamic balance between
intestinal flora when various factors cause disturbances in the human body environment, and changes
in the number, species, and ratio of favorable, conditionally pathogenic, and harmful bacteria[31,32].
The manifestations of intestinal flora dysbiosis include intestinal flora translocation (transfer of the
original colonizing bacteria from the intestine to the deep mucosa or from the intestine to other sites)
and intestinal flora imbalance (decrease in the abundance of the original beneficial intestinal flora and
increase in the abundance of pathogenic flora). Dysbiosis of the intestinal flora leads to impairment of
the intestinal barrier, increased endotoxemia, and a breakdown of the liver's immune tolerance to the
intestinal flora and its metabolites, which in turn causes a strong immune response in the liver[33].

The intestinal flora of patients with PSC

It was found that patients with PSC have a marked dysbiosis of the intestinal flora compared with the
healthy population. Rossen et al[34] performed the first 16S rRNA analysis of the microbiota of the
intestinal mucosa in the ileocecal region of patients with PSC and found that, at the genus level, the
relative abundance of uncultured Clostridium II was notably lower in patients with PSC compared with
patients with UC and non-inflammatory controls. In addition, the mucosal adherent microbiota at the
level of the ileocecal region in patients with PSC showed considerably reduced diversity and
abundance. Torres et al[8], using bacterial 16S rRNA next-generation sequencing, reported that patients
with PCS had similar overall microbiome characteristics at different locations in the gut, exhibiting
enrichment in Blautia and Barnesiellaceae spp. A more in-depth taxon analysis at the operational
taxonomic unit (OTU) level revealed the most significant changes in Clostridiales, with 3 decreases and
66 OTU enrichments. Sabino’s study found that species richness (defined as the number of different
OTUs observed in the samples) was reduced in patients with PSC compared with healthy controls, that
Enterococcus, Clostridium, Lactobacillus, and Streptococcus were enriched, and that an operational
taxonomic unit belonging to the Enterococcus genus is positively correlated with the levels of alkaline
phosphatase (ALP) levels (a marker of disease severity)[35]. In addition, PSC has its own unique gut
microbial profile that is not associated with IBD co-morbidity. Subsequently, a study by Kummen et al
[36] also confirmed the unique gut microbiota of PSC independent of the receipt of antibiotics and
ursodeoxycholic acid (UDCA) treatment, with a marked reduction in bacterial diversity in patients with
PSC. Furthermore, Quraishi et al[37] explored the intestinal mucosal flora of PSC-IBD patients, further
complementing the study by Kummen et al[36] Escherichia, Lachnospiraceae, and Megasphera were
markedly increased, whereas Prevotella and Roseburia (butyrate producers) were decreased in abundance
in PSC-IBD patients compared with controls. They hypothesized that intestinal microecological dysreg-
ulation in patients with PSC may prompt dysregulation associated with mucosal immunity by
modulating abnormal homing of intestinal-specific lymphocytes and intestinal permeability. This is
consistent with the hypothesis of Kummen et al[36], Rithlemann et al[38,39] also showed that PSC itself
drives the observed changes in fecal microbiota and that the findings of Kummen et al[36] regarding
microbiota as a diagnostic marker are promising.

In the last two years, studies on the PSC gut flora have gained more interest. Quraishi ef al[40] tried to
unravel the PSC disease mechanism by integrating mucosal transcriptomics, immunophenotyping, and
mucosal microbial analysis; their study reported that PSC-IBD patients had considerably higher
abundance of Bacteroides fragilis, Roseburia spp., Shewanella sp., and Clostridium ramosum species, which
was associated with changes in the BA metabolic pathway. In addition, the amine oxidase-expressing
bacterium Sphingomonas sp. is upregulated in PSC-IBD. Amine oxidase is associated with abnormal
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homing of intestinal lymphocytes to the liver[41]. The upper gastrointestinal tract and bile ducts of
patients with PSC are equally affected by microbial ecological dysbiosis. Liwinski ef al[42] showed that
the biliary microbiome of patients with PSC exhibited the most extensive changes, including reduced
biodiversity and expansion of pathogenic bacteria, with the marked increase of Enterococcus spp. directly
causing epithelial barrier damage and mucosal inflammation. Lapidot et al[43] found that microbial
alterations in PSC were consistent in saliva and gut, with 27 bacterial species present in both the salivary
and gut microbiomes, including Clostridium perfringens X1Va, Veillonella, Lachnospiraceae, Streptococcus,
and Blautia. Of these, Lactobacillus, Ruminococcus gnavus, and Streptococcus salivarius were extensively
enriched. The study by Lemoinne et al[44] confirmed previous findings of altered bacterial microbiota
composition in patients with PSC, such as Faecalibacterium and Ruminococcus in reduced proportions,
and reported for the first time the occurrence of fungal ecological dysbiosis in patients with PSC. PSC-
associated fungal ecological dysbiosis is characterized by increased biodiversity (alpha diversity) and
altered composition compared with in healthy subjects or patients with IBD, including a marked
increase in the abundance of Exophiala spp. In some patients. Kummen et al[45] provided a detailed
functional analysis of microbial genes encoding enzymes and metabolic pathways by using
metagenomic shotgun sequencing. Clostridium spp. increased in the intestinal flora of patients with PSC,
while Eubacterium spp. and Ruminococcus obeum decreased. Targeted metabolomics revealed reduced
concentrations of vitamin B6 and branched-chain amino acids in PSC. Microbial metabolism of essential
nutrients and circulating metabolites associated with the disease process were considerably altered in
patients with PSC compared with in healthy individuals, suggesting that microbial function may be
related to the disease process in PSC.

Most of these studies used 165 gene sequencing to examine the microbiota in the intestinal mucosa
and feces of patients with PSC. Although these studies came from all over the world, some of them had
relatively small sample sizes, and dietary and lifestyle habits varied between the samples of each study,
possibly affecting the final gut floral composition of patients with PSC and limiting the generalization of
the results. However, these studies also yielded some common findings that reveal to some extent the
gut microbiota characteristics of patients with PSC[46]. Patients with PSC suffer intestinal dysbiosis,
which has its own unique biological characteristics, as evidenced by a decrease in gut bacterial a-
diversity (average species diversity of the ecosystem) and marked changes in B-diversity (spatial
variation in species composition), a decrease in specialized anaerobic bacteria, and an increase in the
abundance of potentially pathogenic bacteria (Table 1)[7,35-39,42-44,47]. Among which, Veillonella,
Enterococcus, Streptococcus, Clostridium, and Lactobacillus spp. were markedly elevated[36,38,42-44]. An
increase in Veillonella species, a potential pathogen in humans, can serve as a biomarker of the severity
of certain diseases, such as autoimmune liver disease and cirrhosis[48,49].

INTESTINAL FLORA AND PSC-MECHANISTIC INSIGHTS

The leaky gut hypothesis was first proposed by Bjarnason et al[50] in 1984, providing theoretical support
for the involvement of the intestinal flora in the development of PSC. Normal intestinal flora plays the
role of maintaining the balance of the intestinal environment and preventing pathogenic bacteria and
toxins from entering the blood circulation[51]. The germ-free (GF) multidrug resistance 2 knockout
(Mdr2-/-) mice is a well-studied PSC model that shows a lack of microbial regulation, which is direct
evidence that intestinal flora has a key role in PSC development[52]. Intestinal flora dysbiosis damages
the intestinal barrier in patients with PSC, allowing bacteria and enteric-derived endotoxins to enter the
liver via the portal vein, triggering an immune response[53]. Simultaneously, when liver function is
impaired, Kupffer cells cannot inactivate endotoxins as efficiently, impairing bile excretion.
Furthermore, this increases intestinal permeability, intestinal lymphocyte nesting, and the entry of
bacteria and their metabolites [i.e. pathogen-associated molecular patterns (PAMPs)] into the liver,
impairs normal BA metabolism, and promotes bile duct inflammation and fibrosis (Figure 1)[54,55].

Intestinal flora dysbiosis activates liver immunity

Intestinal flora dysbiosis damages the intestinal barrier: Lapidot et al[43] found that in patients with
PSC, a decrease in the relative abundance of commensal bacteria in the intestinal flora, including
Bacteroides thetaiotaomicron and Faecalibacterium prausnitzii, and bacterial diversity led to decreased short-
chain fatty acids (SCFAs) with anti-inflammatory effects, such as acetate and butyric acid. This decrease
caused intestinal barrier dysfunction and lack of antimicrobial peptides, exacerbating the leaky gut
syndrome. When intestinal flora dysregulation occurs in patients with PSC, PAMPs in the gut bind to
Toll-like receptors (TLRs) and NOD-like receptors (NLRPs) on the surface of dendritic cells. This event
activates the cytoplasmic downstream nuclear transcription factor kB (NF-xB), causing the production
and secretion of inflammatory cytokines and chemokines. Disruption of intestinal epithelium tight
junctions and the normal intestinal barrier leads to increased intestinal permeability[31,56].
Furthermore, Enterococcus faecalis (E. faecalis), which increased the most in the intestinal flora of patients
with PSC, produces gelatinase, which damages the intestinal epithelium and causes impaired intestinal
barrier function[35]. Nakamoto et al[57] also found that increased Klebsiella pneumoniae during PSC
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Ref.
Methods Increased Decreased
16S RNA gene sequencing: ileum,  Actinobacillus, Bifidobacterium, Fusobacterium, Haemophilus, Bacteroides [135]
colon, and rectal samples Roseburia
qPCR: fecal samples Enterobacteriaceae Bifidobacterium, Lactobacillus [136]
165 RNA gene sequencing: fecal Clostridium, Lactobacillus, Ruminococcus gnavus, Veillonella  Coprococcus, Faecalibacterium, Phascolarctobac- [137]
samples terium, Ruminococcus
16S RNA gene sequencing: Duodenal mucosa biopsy: Escherichia coli, Veillonella [42]
duodenal fluid, saliva, duodenal dispar; Bile fluid: Enterococcus, Neisseria, Proteobacteria,
mucosa, and bile samples Staphylococcus, Veillonella dispar
Metagenomic shotgun sequencing  Clostridiales Eubacterium, Ruminococcus obeum [45]
165 RNA gene sequencing: fecal Bacteroides fragilis, Blautia, Clostridium spp. Enterococcus, Bacteroides thetaiotaomicron, Faecalibacterium [43]
and saliva samples Enterobacteriaceae, Lactobacillus, Ruminococcus gnavus, prausnitzii

Streptococcus salivarius Veillonella dispar
Sigmoid mucosal biopsies and 16S  Haemophilus parainfluenzae, Pseudomonas, Streptococcus Lachnospiraceae [40]
RNA gene sequencing
165 RNA gene sequencing;: fecal Veillonella Blautia, Faecalibacterium, Lachnoclostridium, [44]
samples Ruminococcus
165 RNA gene sequencing: fecal Enterococcus, Lactobacillus, Streptococcus, Veillonella Clostridium cluster IV, Coprococcus, Desulfovibrio, [38]
samples Faecalibacterium, Holdemanella
165 RNA gene sequencing: fecal Veillonella Coprococcus, Desulfovibrio, Phascolarctobacterium, [36]
samples Succinivibrio
16S RNA gene sequencing: fecal Clostridium, Enterococcus, Haemophilus, Rothia, Strepto- Adlercreutzia equolifaciens, Coprococcus catus, [47]
samples coccus, Veillonella Faecalibacterium prausnitzii, Prevotella copri,
Ruminococcus gnavus

Colonic mucosal biopsies and 16S Escherichia, Lachnospiraceae, Megasphaera Bacteroides, Prevotella, Roseburia [37]
RNA gene sequencing
165 RNA gene sequencing;: fecal Veillonella [39]
samples
16S RNA gene sequencing: fecal Enterococcus, Streptococcus, Veillonella [7]
samples
16S RNA gene sequencing: fecal Bacteroidetes, Enterococcus, Fusobacterium, Lactobacillus, Anaerostipes [35]
samples Morganella, Streptococcus, Veillonella
Colonic mucosal biopsies and 16S Barnesiellaceae, Blautia [8]
RNA gene sequencing: ileal
samples
Mucosal biopsy of the ileocecal Clostridium clusters IVand XIVa, Akkermansia sp. (Verruco- [34]

region and 165 RNA gene
sequencing

microbia), Uncultured Clostridiales IT

forms pores by disrupting the intestinal epithelium, leading to increased intestinal permeability, thus
prompting other bacteria (e.g. Proteus mirabilis and Enterococcus gallinarum) to cross the intestinal barrier.
In turn, a Th17 cell-mediated inflammatory response initiates in the liver. Finally, Manfredo et al[58]
demonstrated that Enterococcus gallinarum could reach several organs, such as the mesentery, mesenteric
lymph nodes, liver, and spleen, after crossing the damaged intestinal epithelium, causing autoimmune
diseases such as PSC.

In addition, PSC recurrence in patients who had undergone liver transplantation was associated with
specific intestinal flora changes before transplantation. The rate of PSC recurrence was decreased in
patients with a higher abundance of Shigella spp. in the intestinal flora before transplantation, suggesting
that Shigella spp. may reduce bacterial translocation and endotoxemia by improving the intestinal mucus
layer function and repairing the intestinal barrier[59].

Intestinal bacterial translocation induces liver inflammation: Secondary bacterial overgrowth in the
small intestine of rats, achieved by using a blind jejunal loop, led to the translocation of intestinal flora
and its metabolite. Consequently, the intestines exhibited characteristic pathological changes of PSC,
such as irregular dilatation and bead-like changes in the intra- and extrahepatic bile ducts[60].
Furthermore, Tedesco et al[61] found elevated serum interleukin (IL)-17 levels in PSC mice; enriched
Lactobacillus gasseri, peribiliary collagen deposition, and periportal fibrosis; and increased numbers of IL-
17A+ and yOTCR+ cells in mouse liver tissues, which are characteristic inflammatory responses.
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Figure 1 The effect of intestinal flora dysbiosis in patients with primary sclerosing cholangitis. Intestinal flora dysbiosis causes increased
intestinal permeability, intestinal lymphocyte homing, and entry of bacteria and their metabolites (i.e. pathogen-associated molecular patterns) into the liver. It also
impairs normal bile acid metabolism and promotes bile duct inflammation and fibrosis. PAMPs: Pathogen-associated molecular patterns. By Figdraw,
www.figdraw.com.

Additionally, Liao et al[62] used Mdr2-/- mice to investigate the role of intestinal flora in PSC, reporting
that Mdr2-/- mice had intestinal flora dysbiosis. This caused the NLRP3-mediated innate immune
response in the liver, amplified by intestinal barrier failure and enhanced bacterial translocation. Finally,
Dhillon et al[63] compared the serum soluble cluster of differentiation 14 (sCD14) and lipopolysac-
charide-binding protein (LBP) levels of patients with PSC and healthy controls, finding that patients
with PSC had elevated levels of sCD14 and LBP. The sCD14 and LBP bind to lipopolysaccharides
(typical bacterial translocation markers in humans) in response to significant intestinal flora translo-
cation in patients with PSC[64].

The liver contains many immune cells, including Kupffer cells, natural killer (NK) cells, NK T cells, T
cells, and B cells, and is a vital immune organ. In healthy individuals, only a few translocated bacterial
products make it to the liver. The liver immune system tolerates these bacterial products to avoid
harmful reactions, known as hepatic immune tolerance[65]. The intestinal flora dysbiosis in PSC impairs
the intestinal barrier function, allowing bacteria and their products to enter the liver continuously. Thus,
the hepatic immune tolerance breaks, inducing local inflammation and immune responses by activating
TLR-based pattern recognition receptors on hepatic immune cells. Gram-positive bacteria mainly
mediate TLR2 activation, endotoxins mediate TLR4 activation, bacterial flagella mediate TLR5
activation, and unmethylated CpG DNA mediates TLR9 activation[66]. TLR activation promotes a
downstream inflammatory cascade that activates the MyD88-mediated NF-«xB pathway to induce liver
fibrosis[67]. Simultaneously, inflammatory cytokines and chemokines [e.g. IL-6 and tumor necrosis
factor-o (TNF-0)] are overexpressed, inflammatory cells infiltrate, and oxidative stress and endoplasmic
reticulum stress occur in the bile duct epithelium. Eventually, bile duct sclerosis and occlusion,
cholestasis, and bile duct fibrosis develop[54,68].

Intestinal lymphocyte homing exacerbates liver inflammation

Up to 70% of patients with PSC also develop IBD, suggesting a correlation between the intestine and the
liver in patients with PSC and IBD. The discovery of reciprocal transport pathways of lymphocytes to
target tissues, as well as the expression of gut-specific adhesion molecules and chemokines in the liver,
suggest the homing of intestinal lymphocytes as a contributing factor to PSC pathogenesis[69,70].
Endothelial cells in the hepatic sinusoids of patients with PSC overexpress mucosal vascular addressin
cell adhesion molecule 1 (an endothelial adhesion molecule) and C-C motif chemokine ligand 25 (a
chemokine), which bind to a4p7 integrin and C-C motif chemokine receptor expressed by intestinal
mucosal lymphocytes. This event prompts the recruitment of lymphocytes of an intestinal origin into
the liver, which then recognizes the corresponding antigen and triggers an autoimmune response,
causing liver injury[71,72]. Trivedi et al[41] suggested that this mechanism is associated with hepatic
vascular adhesion protein-1 (VAP-1) overexpression. Increased Veillonella in the gut of patients with
PSC results in primary amine metabolism, which participates in VAP-1 synthesis (as a VAP-1 substrate).
Furthermore, hepatic interstitial cells express VAP-1, which recruits intestine-derived T cells to the liver,
promoting liver inflammation and fibrosis[73]. Moro-Sibilot et al[74] found that elevated levels of sVAP-
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1 were associated with poor disease outcomes in PSC. High sVAP-1 Levels correlate with the expression
of mucosal addressin cell adhesion molecule 1 in the liver, which contributes to the homing of intest-
inally activated T cells to the hepatobiliary tract[75]. Meanwhile, sVAP-1 triggers oxidative stress in
hepatocytes and aggravates liver injury[76]. B cells in the liver are also derived from intestine-associated
lymphoid tissue. B cells are activated by intestinal bacteria and enter the liver, producing antibacterial
molecules, such as immunoglobin A, that aggravate liver damage.

Intestinal flora affects PSC through BAs metabolism

It has been established that several intestinal bacterial genera produce BA hydrolases, such as Lactoba-
cillus, Clostridium, Enterococcus, and Bifidobacterium. Normal microbial metabolism increases BA diversity
as well as hydrophobicity, which facilitates BA excretion[77,78]. Intestinal flora plays a key role in the
pathogenesis of PSC by mediating BA biosynthesis and farnesol X receptor (FXR) signaling. FXR
regulates BA synthesis through a negative feedback loop thereby affecting the intestinal flora[79]. BAs
can directly damage intestinal bacterial cell membranes and indirectly affect the intestinal flora
composition by binding to FXR and enhancing the action of antimicrobial peptides. Intestinal flora can
also alter BA metabolism by affecting the ab initio synthesis of BAs and enterohepatic circulation[80].
Liwinski et al[42] found that patients with PSC had increased taurolithocholic acid concentrations in
their bile, which causes inflammation; the levels were closely related to the abundance of Enterococcus.
BA hydrolase expression, which catalyzes the conversion of primary BAs to secondary BAs, is highest
when the human intestinal flora contains E. faecalis. Thus, a significant increase in E. faecalis in the bile of
patients with PSC may affect BA metabolism and cause excessive accumulation of secondary BAs in the
body, exacerbating PSC[7,42,81]. Tabibian et al[82] found that Mdr2-/- mice produced similar
biochemical and histological features of PSC (confirmed by liver pathology and hydroxyproline assays)
compared to conventionally reared Mdr2-/- mice; these mice were deficient in secondary BAs due to
lack of intestinal flora. Further studies showed that GF-Mdr2-/- mice and antibiotic-induced specific
pathogen-free Mdr2-/- mice showed imbalance in BA homeostasis, increased BA reuptake, and
accelerated accumulation of harmful BAs in the liver due to dysregulation of intestinal microecology
[83].

A recent study showed that Prevotella copri in the human gut regulates BA metabolism and transport
pathways through gut microbiota interactions, especially the FXR signaling pathway, significantly
improving chlorosis and liver fibrosis in 3,5-diethoxy-carbonyl-1,4-dihydropyridine-induced PSC mice
[84]. Another study showed that intestinal flora attenuates liver damage by promoting UDCA
production. The mechanism of UDCA, which has antioxidant, immunomodulatory, hepatocyte-
protective, and membrane-maintaining functions, includes re-establishing the intestinal flora, and is
widely used to treat PSC[85]. Lee et al[86] found that Ruminococcus gnavus N53 and Collinsella aerofaciens
in normal human intestinal flora catalyze the conversion of goose deoxycholic acid to UDCA by
expressing the 7p-hydroxysteroid dehydrogenase gene, which increases UDCA acid, thereby reducing
liver damage in pathological conditions.

TARGETED INTESTINAL FLORA MODULATION FOR PSC TREATMENT

There are no clear and effective options for treating PSC. Pharmacological and endoscopic treatments
exist; however, these treatments primarily target the symptoms, and the only effective treatment for
end-stage PSC is liver transplantation[16]. In recent years, the incidence of PSC has increased, but
intestinal flora research has also expanded, resulting in antimicrobial therapy based on intestinal flora
modulation and FMT as potential PSC treatment options[87]. Studies have found that antibiotics,
probiotics, and FMT improve intestinal flora disorders, thereby treating PSC (Table 2)[88,89].

Antibiotics

Studies have shown that patients with PSC treated with vancomycin had significant reductions in their
serum ALP and bilirubin levels and Mayo PSC risk scores (MRSs) and significant improvements in
clinical symptoms, such as fatigue and pruritus[90,91]. An open-label prospective therapeutic clinical
trial study showed that oral vancomycin was well tolerated in patients with PSC, with peripheral blood
y-gamma-glutamyl transpeptidase (GGT), alanine aminotransferase (ALT) concentrations, white blood
cell counts, and neutrophil counts returning to normal from pre-treatment elevated levels within 3 mo
of oral administration. Cholangiography, histological, and liver stiffness assessment at the end of
follow-up showed improved results, and the trial also showed that that peripheral blood levels of CD4 +
CD25hiCD127 Lo and CD4 + FoxP3 + regulatory T cells were also elevated in PSC-IBD patients treated
with oral vancomycin[92,93]. Furthermore, Britto et al[94] found fewer potentially pathogenic bacteria,
such as Fusobacterium, Haemophilus, and Neisseria, in the intestinal flora of patients with PSC after oral
vancomyecin treatment. A significant recovery in flora diversity was also observed, suggesting that
vancomycin treatment indirectly leads to a secondary increase in bacterial diversity by prompting the
intestinal flora to suppress mucosal inflammation. The efficacy of vancomycin for PSC may be related to
its selectivity for Clostridium perfringens[95]. Shah et al[96] reported that vancomycin has a relatively
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Table 2 Intestinal flora regulation in primary sclerosing cholangitis treatment

Ref.
Treatment Results
Oral Vancomycin 125 mg four times daily for 90 d Fecal calprotectin and serum GGT levels [94]
Antibiotics returned to normal
125 mg four times daily for 12 wk Significantly decreased ALP, MRS, ESR, and [91]
GGT levels. Fatigue, pruritus, diarrhea, and
anorexia significantly improved
50 mg/kg/d for 30 to 118 mo Decreased ALT, AST, GGT, and ESR levels. [138]
Jaundice improved. The overall rate of positive
serum autoantibodies decreased after 3.5 mo
Vancomycin and Vancomycin: 125 mg or 250 mg four times daily for 12 Decreased ALP and MRS levels. The decrease in  [90]
metronidazole wk; Metronidazole: 250 mg or 500 mg three times ALP level was more pronounced following
daily for 12 wk vancomycin administration
Metronidazole with Taken together for 36 mo Significantly decreased ALP and MRS levels [98]
ursodeoxycholic acid
Azithromycin 500 mg three days per week for 6 wk Decreased ALP and TBIL levels and cholestasis-  [139]
related symptoms. The urine was turned dark in
color again
Rifaximin 550 mg twice daily for 12 wk Decreased GGT and CRP levels; Improved [95]
pruritus symptoms
Minocycline 100 mg twice daily for one year Significantly decreased ALP and MRS levels [100]
Fecal microbiota transplantation at 24 wk Significantly decreased ALP levels; Reduced [107]
AST levels (by at least 30%)
Probiotics Lactobacilli and Three months of: Lactobacillus acidophilus, Lactobacillus  Reduced ALP levels (by 15%) [113]
Bifidobacteria casei, Lactobacillus salivarius, and Lactococcus lactis,
Bifidobacterium bifidum, Bifidobacterium
Combined Prednisolone (30 mg/d), salazosulfapyridine (3000 Decreased ALP, ALT, AST, and GGT levels [114]

mg/d), and Lactobacillus casei Shirota (3 g/d) for 2 wk

ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; MRS: Mayo primary sclerosing cholangitis risk score; ESR:
Erythrocyte sedimentation rate; GGT: Gamma-glutamy] transpeptidase; CRP: C-reactive protein; TBIL: Total bilirubin.

narrow antibiotic spectrum and specifically targets Clostridiales. Consequently, vancomycin affects the
abundance of Clostridiales in the intestinal flora of the distal small intestine and colon by reducing
primary BA dehydroxylation and preventing excessive secondary BA accumulation, thereby reducing
PSC activity. In addition, Davies et al[97] demonstrated that vancomycin directly attenuates the inflam-
matory response to periportal inflammation and liver injury during PSC.

Studies in animal models have demonstrated that metronidazole also has a therapeutic effect on liver
injury in PSC[60]. For example, Karvonen et al[98] found that treating patients with PSC with both
UDCA and metronidazole significantly reduces the serum glutamyl transpeptidase and ALP levels, and
significantly improves the MRS and pathological staging compared with those treated with only UDCA.
Furthermore, Krehmeier et al[99] reported that metronidazole reduced intestinal permeability,
decreased bacterial endotoxin entry into the blood, inhibited endotoxin-induced TNF-a production,
inhibited hepatic Kupffer cells and macrophage activation, reduced chemokine and cytokine secretion
by biliary epithelial cells, attenuated liver inflammation, and prevented PSC-like bead-like liver injury.
Finally, Silveira et al[100] showed that minocycline is a safe and effective PSC treatment, significantly
reducing the ALP level and MRS after one year of oral minocycline administration.

FMT

FMT is the transplantation of fecal flora from healthy individuals into a patient’s intestine to replenish
or restore normal intestinal flora. This procedure aims to reverse intestinal dysbiosis, regulate product
metabolism, and improve clinical symptoms to treat the disease (Clostridium difficile infection, IBD,
diabetes mellitus, cancer, liver cirrhosis, gut-brain disease and others)[101,102]. FMT restores the health
of the intestinal flora, further reducing the transport of harmful metabolites, such as endotoxins to the
liver, and reducing the damage caused by metabolites to the liver[103]. FMT uses the principle of
bacterial therapy to restore the health of the intestinal flora. The transplanted beneficial bacteria (
Bifidobacteria, etc.) are involved in the conversion of polysaccharides to monosaccharides, producing
SCFAs such as acetate, propionate, and butyrate[104]. These metabolites regulate normalization of the
intestinal flora and reduce intestinal permeability in patients with liver disease, to further reduce the
transport of metabolites such as endogenous ethanol and endotoxins to the liver, thus, reducing the

WJG | https://www.wjgnet.com 6220 November 28,2022 | Volume?28 | Issue44 |

Jaishideng®



Jaishideng®

Li Z] et al. Intestinal flora in primary sclerosing cholangitis

damage to the liver[103,105,106]. Studies have shown intestinal flora normalization, a significant
improvement in intestinal flora diversity, reduced cholestasis, and decreased ALP levels in PSC patients
after FMT. Allegretti et al[107] performed the first human FMT trial in ten patients with PSC who had
ALP levels more than three times the normal upper limit. After FMT, 30% of the patients had decreased
ALP levels by 50%, and 70% had a 30% reduction in the levels of serum liver transaminases (ALT and
aspartate aminotransferase). One week after FMT, the recipients’ intestinal flora diversities were higher
than the baseline level of all patients and continued increasing for 24 wk. Furthermore, Philips ef al[108]
found that fecal flora diversity improved in patients with PSC after FMT, with a decrease in the relative
abundance of Proteobacteria and an increase in the abundances of Bacteroidetes and Firmicutes; this
intestinal flora composition was more similar to that of healthy individuals. The blood biochemistry and
total BA indicators also significantly improved.

Probiotics

Probiotic is a general term for a group of active microorganisms that have beneficial roles by regulating
intestinal flora growth and improving the host’s intestinal microecology. They regulate the intestinal
microenvironment metabolism, increase SCFAs production, and reduce the permeability of the
intestinal barrier[109,110]. Additionally, probiotics upregulate intestinal epithelial tight junction protein
expression, improve intestinal motility[110,111], increase adhesion and colonization of intestinal flora,
reduce TNF-a production, and maintain tissue homeostasis[112]. One study demonstrated that oral
administration of probiotic preparations (consisting of six strains of viable and freeze-dried bacteria:
Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus salivarius, Lactococcus lactis, Bifidobacterium
bifidum, and Bifidobacterium lactis) decreased the serum alkaline phosphatase level by 15 % in patients
with PSC compared to healthy individuals[113]. Furthermore, Shimizu et al[114] treated a patient with
PSC with a combination of prednisolone, salazosulfapyridine, and probiotics, and reported that the
patient’s symptoms and tests improved after two weeks. Additionally, repeat pathological biopsies at 30
mo showed significant improvements in liver inflammatory cell infiltration and peribiliary fibrosis.
Lactobacillus plantarum Lp2 has the potential to ameliorate liver injury by inhibiting the activation of LPS-
induced inflammatory pathways in the liver, reducing inflammation, and decreasing oxidative damage
and apoptosis[115]. Therefore, probiotics have a therapeutic effect on PSC by suppressing intestinal
inflammation and maintaining intestinal flora homeostasis.

BAs and other metabolites

Compared to conventional mice, germ-free mice show higher concentrations of BA in the plasma and
significantly reduced concentrations in the feces. Additionally, FXR signaling is significantly inhibited,
resulting in reduced BA synthesis in germ-free mice[116,117]. Colonization of germ-free mice with
human feces activates the expression of FXR target genes and increases the levels of BAs in the liver and
ileal tissue[118]. FXR agonists inhibit cholesterol 7a-hydroxylase activity and, thus, intracellular BA
synthesis. These agonists can activate transcription of the bile salt export pump on the hepatocyte
membrane, enhancing the transport of BAs from hepatocytes to bile ducts and promoting BA excretion.
Simultaneously, These agonists can inhibit the expression of extracellular matrix proteins in hepatic
astrocytes and, thus, prevent the transformation of liver fibrosis in patients with PSC[119]. Obeticholic
acid (OCA) is one of FXR agonists representative drugs that alleviates the cholestatic symptoms of PSC
by reducing the BA pool[120]. OCA is also approved for the treatment of PSC[121,122]. In fact, there are
phase II clinical trials demonstrating the efficacy and safety of OCA in patients with PSC[123].

Relevant clinical trials

In addition to the above-mentioned studies, there are currently several relevant clinical trials
demonstrating the efficacy of treatments targeting intestinal flora and its metabolites in PSC (Table 3).
From these clinical studies, we found that oral vancomycin is the most established for the treatment of
PSC, and all phase IV clinical trials using vancomycin have been completed. Vancomycin can
significantly reduce biochemical indexes such as ALP and ALT and reduce MRS in patients with PSC
[92,124]. One case study also described a decrease in serum y-GGT, which reached normal levels at 195
d, in pediatric patients with PSC-UC who were administered vancomycin[94]. Fusobacterium,
Haemophilus, and Neisseria, which generally have a significantly high abundance in PSC, showed
decreased abundance in the saliva and feces of these patients[40,42,43,47]. Results of meta-analyses have
also shown vancomycin to be beneficial in patients with PSC[96]. Currently, there are clinical guidelines
recommending the use of antimicrobial agents and FXR agonists for the treatment of PSC[125,126].
Clinical trials of UDCA for PSC are also well established[127]. UDCA is a hydrophilic dihydroxy BA,
and pharmacological studies have confirmed that UDCA has a strong affinity in bile, promoting bile
secretion, protecting bile duct cells from the cytotoxicity of hydrophobic BAs, and protecting
hepatocytes from BA-induced apoptosis[128]. It promotes the formation of liquid cholesterol crystal
complexes, accelerates cholesterol excretion and clearance to the intestine, acts as a cholagogue, and
competitively inhibits endogenous hepatic BA absorption in the small intestine, reducing serum BA
levels[129]. 24-norUDCA is a side chain shortened congener of C23UDCA, which makes a bile hepatic
shunt possible. Based on its pharmacological properties of relative amidation resistance and reduced
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Table 3 Clinical trials related to primary sclerosing cholangitis treatment

Stud ; ClinicalTrials.gov  Actual :
y Study title o n g Status Interventions
Phase identifier enrollment
Phase1l A Pilot Study of Vancomycin or Metronidazole in NCT01085760 35 participants Completed Drug: vancomycin; Drug:
Patients with Primary Sclerosing Cholangitis (PSC) metronidazole
Minocycline in Primary Sclerosing Cholangitis (PSC) NCT00630942 16 participants Completed Drug: minocycline
Treating Primary Sclerosing Cholangitis and Biliary NCT02137668 200 Recruiting  Drug: oral vancomycin
Atresia with Vancomycin participants
A Pilot Study to Characterize Bile Acid Metabolism and ~ NCT02464020 8 participants Completed Drug: vancomycin
Dysbiosis in Primary Sclerosing Cholangitis
Gastrointestinal Microbiota in Primary Sclerosing NCT01322386 32 participants Completed Drug: vancomycin
Cholangitis and Biliary Atresia with Vancomycin (PSC)
Fecal Microbiota Transplantation for the Treatment of NCT02424175 10 participants Completed Biological: Fecal microbiota
Primary Sclerosing Cholangitis. transplantation
Phase2  Norursodeoxycholic Acid in the Treatment of Primary NCT01755507 159 Completed Drug: norursodeoxycholic
Sclerosing Cholangitis (NUC-3) participants acid; Drug: placebo
Obeticholic Acid (OCA) in Primary Sclerosing NCT02177136 77 participants Completed Drug: OCA; Drug: placebo
Cholangitis (PSC) (AESOP)
Vancomycin for Primary Sclerosing Cholangitis NCT03710122 102 Recruiting  Drug: vancomycin; Other:
participants placebo
Trial of High-dose Urso in Primary Sclerosing NCT00059202 150 Completed Drug: ursodeoxycholic acid;
Cholangitis participants Drug: placebo
Fecal Microbiota Transplantation for the Treatment of NCT02424175 10 participants Completed Biological: fecal microbiota
Primary Sclerosing Cholangitis. transplantation
Phase3  Primary Sclerosing Cholangitis with Oral Vancomycin ~ NCT01802073 34 participants Completed Drug: oral vancomycin
by the Study of Its Antimicrobial and Immunomodu-
lating Effects (PSC)
Probiotics in Patients with Primary Sclerosing NCT00161148 12 participants Unknown' Drug; probiotics
Cholangitis
Norursodeoxycholic Acid vs Placebo in PSC NCT03872921 300 Recruiting  Drug: norursodeoxycholic
participants acid
Vancomycin for Primary Sclerosing Cholangitis NCT03710122 102 Recruiting  Drug: vancomycin; Other:
participants placebo
Trial of High-dose Urso in Primary Sclerosing NCT00059202 150 Completed Drug: ursodeoxycholic acid;
Cholangitis participants Drug: placebo
Phase4  Effect and Safety of Oral Vancomycin in Primary NCT02605213 30 participants Unknown' Drug: vancomycin; Drug:
Sclerosing Cholangitis Patients placebo

1Study has passed its completion date and status has not been verified in more than two years.
PSC: Primary sclerosing cholangitis; OCA: Obeticholic Acid; AESOP: Aetiology and Ethnicity in Schizophrenia and Other Psychoses.

secondary BA production, norUDCA is a promising drug for a range of cholestatic liver and bile duct
diseases[130]. Some clinical trials have shown that norUDCA improved cholestasis and significantly
reduced serum alkaline phosphatase levels in patients after 12 wk in a dose-dependent manner.
Importantly, norUDCA treatment has shown a good safety profile[131]. OCA is a potent FXR agonist
that affects the hepatic transport of conjugated BAs in humans and reduces duration of hepatocyte
exposure to potentially cytotoxic BAs[132,133]. Clinical trials have demonstrated the efficacy and safety
of OCA in patients with PSC; Treatment with OCA 5-10 mg resulted in a significant reduction in ALP in
patients with PSC after 24 wk[123]. In addition, clinical studies of probiotics, FMT, and other
approaches targeting intestinal flora for the treatment of PSC are ongoing to highlight their efficacy and
safety in PSC and demonstrate their therapeutic potential[108,134].

CONCLUSION

PSC is a chronic progressive autoimmune disease that can develop into cirrhosis or liver failure, thereby
severely affecting the patient’s quality of life if not actively and effectively treated. Intestinal flora
dysbiosis is crucial in the occurrence and development of PSC, as it destroys the intestinal barrier and
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prompts intestinal lymphocyte homing and translocation of bacteria and their metabolites, thus
aggravating the immune damage to the liver. The intestinal flora also interacts with BAs and
participates in PSC development.

Our understanding of the gut flora has expanded with the development of genomics, metabolomics,
and high-throughput sequencing technologies. These research approaches help elucidate the complex
role of the gut flora in diseases, such as PSC. Technological advances have also provided individualized
treatment options for patients with PSC that target the intestinal flora with good clinical results.
Treatments, including antibiotics, FMT, and probiotics, have offered new ideas for managing PSC. More
precise therapies, such as probiotics, synbiotics, and phages, have shown promising results in PSC
patients. However, there remain some challenges in the use of intestinal flora for PSC treatment. The
intestinal flora regulation mechanisms for PSC are not fully understood, and the optimal method and
timing have not been standardized. Future prospective studies with a large sample size or multi-center
studies are warranted to provide direct evidence of the role of the intestinal flora in PSC and establish a
therapeutic protocol for the use of the intestinal flora. If these issues are resolved, targeted regulation of
the intestinal flora will become a new option for PSC treatment.
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