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Aetiology

% of adult elective

 transplants / year

(median and IQR)

PSC 12 (IQR 10-14) %
PBC 8 (IQR 7-8) %
AIH  7 (IQR 7.5-8.5) %

Autoimmune liver disease: the lead indication for adult liver transplantation in the UK

NHSBT summary data 2017-2022



PSC is one of the most common indications for liver transplantation

1) Fosby et al. Scand. J. Gastro 2015
2) Conolly et al. J. Hepatol. 2020A

Nordic liver transplant programme
- 15.3% are performed for PSC 

French liver transplant programme
- PSC will be the lead indication by 2025 



PSC is rare but the incidence and prevalence are rising
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Trivedi et al. Clin. Gastroenterol. Hepatol. 2022



Pan-

colitis

Right-sided 

inflammation 

predominant

Increased lifetime 

risk of colonic 

cancer (30%) Rectal 

sparing 

(50-65%)

PSC is not just a condition of the liver
70-80% have inflammatory bowel disease



The presence /activity of colitis and recurrent PSC post-transplant

1. Alabraba E. et al. Liver Transplantation 2009
2. Ravikumar et al. J. Hepatol. 2015

3. Hildebrand et al. Liver Transplantation 2015
4. Lindstrøm et al. Scand. J. Gastro. 2018

ÅBirmingham (UK) 1

Validation:

ÅUK (multiple centres)
ïPresence of UC post-LT
H.R.:2.4

ÅGermany (multicentre) 3

ïPresence of UC post-LT 
 H.R.: 2.07

ïActive colitis post-LT
 H.R.: 2.31

ÅNordic transplant registry
ïColectomy pre-LT
H.R.: 0.49 

Hazard ratios (vs. pre-LT colectomy)
- Post-LT colectomy: 11.8
- No colectomy: 8.85



Colectomy prior to transplantation lowers the risk of recurrent PSC

Steenstraten, Trivedi et al. Aliment. Pharmacol. 2019



Trivedi and Adams J. Hepatol. 2016

ÅEnteric microbiome changes

ïReduced microbial diversity

ïEnrichment of amine-producing species

ïIncreased carcinogenic potential

ÅDisrupted intestinal barrier 

ïLower expression of tight-junction proteins

ïReduced short-chain fatty acids

ÅDysregulated mucosal immunity

ïHeightened Th17 responses to pathogen 
stimulation

ïPertubed regulatory T-cell function

ïAberrant mucosal lymphocyte homing

ÅPathological enterohepatic bile acid 
shifts
ïReduced TGR5 expression

ïIncreased gut FXR expression



Gut microbiome integrates environmental influences into host physiology 

Schneider, Kummen, Trivedi, Hov; Hepatology 2023



Dutch microbiome project

Gacesa et al. Nature 2022



Heritability and effect of cohabitation on the gut microbiome

Gacesa et al. Nature 2022



Microbiome changes in autoimmune liver disease: aetiologyor severity?
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Schneider, Kummen, Trivedi, Hov; Hepatology 2023



Dysbiosis in PSC and PSC - IBD

Sokol et al. Gut. 2015

Quraishi MN et al. Gut. 2017

Sabino et al. Gut. 2015

PSC- IBD

Does this mean something or is it 
just a correlation due to changes 
in outflow of bile acid from liver?



PSC- IBD disease mechanisms appear to be different to IBD alone at a mucosal level

Quraishi, Hirschfield, Iqbal, et al. J Crohns Colitis. 2020

PSC-IBD and IBD 
have similar immune 

mediated pro -
inflammatory signals  

Different triggers for 
this immune response 

Large differences in 
colonic mucosal gene 
expression versus IBD

Bile acid homeostatic pathways 

significantly aberrant in PSC -

IBD compared to UC 

? Bile acid mediated 

inflammation



Hepatic vascular adhesion protein (VAP)-1 expression in autoimmune liver disease

Trivedi, Liaskou, Adams, Weston et al. Gut 2018



Weston and Adams J. Neur. Trans.. 2011

Consequences of hepatic VAP-1 activation

What are the 
sources of amine 
substrates?



Mesenteric 
lymph node

Intestinal mucosal 
vessels

Hepatic sinusoids

VAP- 1

CCL25

CCR9

a4b7

MAdCAM- 1  

Gut-
tropic 
T-cell

CCL25

MAdCAM- 1 

Enterohepatic 
lymphocyte 
recirculation

VAP- 1

Amine 
substrate
+ TNF a

NFkBH202

HSEC

MAdCAM - 1

KEY:

MAdCAM-1:
Mucosal Addressin Cell Adhesion 
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PSC

Trivedi and Adams. J. Autoimmun. 2013 



VAP-1 activity is substrate dependent

Kcat/Km: 2.7e+6 Kcat/Km: 4.5e+6 Kcat/Km: 5.1e+7

Kcat/Km: 3.8e+7 Kcat/Km: 5.4e+7 Kcat/Km: 2.6e+7

Trivedi, Liaskou, Adams, Weston et al. Gut 2018



Cysteamine exposure can lead to colitis in mice

ÅCysteamine induces colitis in mice
ïKliceket al. 2013; J. PhysiolPharmacol.

ÅInflamed colonic epithelium and Escherichia and Enterobacterspp. ςmain 
provider of cysteamine

ïOverexposure to cysteamine, colitis and cancer 
ÅMartin et al. 2004 J. Clin. Inv. 

ÅGensollenet al. 2013 Inflamm. Bowel Dis

ïInhibit cysteamine generation: attenuates colitis / prevents colorectal cancer 
ÅBerruyeret al. 2006 J. Exp. Med



Bacterial abundance co -correlation network

Red and blue lines in (C) and (D) indicate positive and negative correlations between 
species, respectively.

Kummen et al.  Gastro 2021



Down regulation of vit. B6 synthesis is associated with poorer clinical outcomes in PSC

PLP = pyridoxal 5ǋ-phosphate 
Active form of vitamin B6

Kummen et al. Gastro. 2021
Braadland et al. J. Hepatol. 2023



Vancomycin for colitis in PSC-IBD

Å 17 children with PSC- IBD
Å All 15/15 normalised to <200
Å Mean faecal calprotectin improved from 1055 to 51

Tan Li-Za et al. Gut. 2019

ÅPSC- IBD (n=8, OLT=5)
ÅVancomycin 125mg QDS 6 to 8 weeks
ÅMean reduction of Mayo Score (UC) ˟ 7 points

Dao A et al. IBD. 2019



PSC- Vancomycin study (NCT05376228)
ECCO Grant 2021

Å Completed in Nov 2022

Å Clinical and mucosal microbiota data so far

Å Colonic RNA - seq , metagenomic, metatranscriptomics  readouts by Jan 2024



IBD activity ïfaecal calprotectin



Clinical outcomes ïMayo scores



Clinical outcomes ïliver biochemistry



Taxonomic changes post oral vancomycin

Dr M Nabil Quraishi



Shifts in microbial metabolic pathways



The bile acid deconjugation pathway

Å Bile salt hydrolase (BSH) producing bacteria are knocked out

Å BSH levels correlate strongly with faecal calprotectin

Å BSH producers depletion cause of remission or just an effect of vancomycin?



Oral vancomycin for PSC in adults

Tabibian J et al. AP&T. 2013 Rahimpour S et al. J Gastro Liver Disease. 2016



Is oral vancomycin beneficial for liver disease in PSC?

Data from the International Paediatric PSC Consortium; Deneau et al. Hepatology. 2020



Oral vancomycin exacerbates biliary fibrosis in mice

Awoniyi et al. Gut 2022



Faecalmicrobiota transplantation attenuates biliary injury in an experimental model of sclerosing cholangitis

έLachnospiraceae-ŜƴǊƛŎƘŜŘέ
Awoniyi et al. Gut 2022



Faecal microbiota transplantation (FMT) in u. colitis

Imdad A et al. Cochrane Review. 2018

ÅMeta-analysis: Remission in 28% patients in the donor FMT 
groups compared with 9% patients in the placebo groups

Patient A ς < 1 year, on azathioprine
Patient B ς > 5 years, failed 3 biologics

STOP-Colitis pilot (FMT for UC ð Birmingham, St Marks, Glasgow)



FMT for PSC - Pilot

Å10 patients with PSC; primary outcome was safety 

Å9 with IBD and 9 with large duct PSC

ÅSingle dose of colonoscopically administered FMT

Allegretti, Mullish et al. AJG. 2019



FMT in PSC ïFARGO RCT

FARGO: A randomised, phase IIa , multi - centre, 
(double blind) placebo -controlled trial of FA ecal  microbiota 
transplantation in prima Ry sclerosin G cho langitis

Grant awarded 2022
Due to open in Q4 2023

Multicentre, nationwide RCT



CARBALIVE for the Treatment of Advanced 
Ch olestatic Disease: The CATCH Study

Funded March 2023

CARBALIVEfor the Treatment of CholestaticLiverDisease: TheCATCHStudy

Images courtesy of Yaqrit Discovery Ltd.



PSC with active colitis PSC-IBD without 
advanced fibrosis

PSC-IBD with mod-
advanced fibrosis

¦Y t{/ ƳƛŎǊƻōƛŀƭ ǘƘŜǊŀǇŜǳǘƛŎǎΩ programme


