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Primary Sclerosing Cholangitis
� Chronic cholestatic liver disorder characterised by 

inflammation & fibrosis of intra/extra hepatic bile ducts

� Leads to progressive bile duct obliteration, liver fibrosis and 
biliary cirrhosis

� Complex disease of unknown etiology

� Incidence ≈ 0.9-1.3/100,000/yr; Prevalence ≈ 8.5-14.2/100,000

� 60-80% have co-existing IBD; ≈ 25% have auto-immune 
disease

� 5th commonest indication for OLT

• Diagnosed on the basis of cholangiography 
(ERCP/PTC/MRCP) and/or histology



Diagnosis
�Early PSC can be difficult to diagnose

�High index of clinical suspicion

�Distinction with other phenotypes 
- Small-duct PSC
- AIH overlap
- IgG4 related sclerosing cholangitis



Presenting symptoms
� 25% asymptomatic
� Abdominal pain
� Itch
� Fatigue
� Jaundice
� Recurrent bouts of cholangitis



Fatigue

Jopson L et al. Clin Liver Dis. 2016 Feb;20(1):131-42



UK-PSC consortium
� Recruit homogeneous cohort of PSC patients

� Phenotypic characterisation

� Attempt to define: 
- genetic predisposition/risk in PSC
- most plausible biological pathways in pathogenesis 

� Develop a national database to enable present and 
future epidemiological, genetic and immunological 
studies



Phenotypic characteristics of the 
UK-PSC cohort



Recruitment
� Total no. of patients recruited = > 2000 

(~ 50% from transplant centres)

� 1291 patients completed detailed questionnaire

� Liver transplant recipients = 320
- 27 (8.5%) patients underwent 2nd transplantation
- Further 3 patients received 3rd transplant



Demographics
� Median age at recruitment (entire cohort) = 58 years

� Age at diagnosis of PSC (data available for 600 
patients): 

- median age at diagnosis of PSC = 46 years (16–86 yrs)

� 330/600 had IBD:
- median age at diagnosis of IBD = 27 years (6–70 yrs)

� Gender: Males = 812 (63%); Females = 479 (37%)
M:F = 1.7:1 



Inflammatory bowel disease
� 847/1291 patients had IBD
� UC = 730 (87%)
� Crohn’s = 112 (13%) 

UC
87%

Crohn's
13%

IBD subtype

PSC
34%

PSC + IBD
66%

IBD status



Autoimmune diseases
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Summary
� Largest reported cohort of PSC patients

� PSC more prevalent in young, non-smoking males 

� ↑ prevalence of IBD and immune-mediated diseases

� Is PSC an immune mediated disease occurring in 
genetically susceptible individuals? 

� Does PSC share any pathological pathways with other 
immune-mediated diseases?



Immune and Genetic risk in PSC



PSC vs Autoimmune diseases
Characteristic Classical AID Immune-mediated 

inflammatory d/s
(UC, Psoriasis)

PSC

Age

Sex

Autoantigens

Autoantibodies

HLA association

Response to 
immunosuppression

Children & Adults

Female predominance 

Yes

Yes (pathogenic)

Yes

Usually good

Children & Adults

No sex predilection

No

Yes (markers)

Yes

Often good

Children & Adults

Male predominance

No

Yes (probably 
markers)

Yes

Good in children
Poor in adults

Chapman et al. Pathogenesis of PSC. WJG 2008 June 7; 14(21): 3350-3359



Proposed pathogenetic mechanisms
� Immunogenetics:

- MHC genes/HLA association 
- Non-MHC genetic association

� Aberrant lymphocyte homing & auto-reactivity

� The “leaky gut” hypothesis



GWAS
� Non-hypothesis driven
� Case-control association study comparing SNP’s 

between patients vs controls 

� 0.5 – 1 million SNPs are typically genotyped (allows 
coverage of most of the common variants across the 
genome) in discovery panel 

� Most associated SNPs (p < 5 x 10-5) genotyped in an 
independent panel for replication/verification 

� allows identification of genetic regions probably 
associated with disease 
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2) Summary of the genetic risk in PSC and role of identified candidate genes 

 

Other than the known HLA associations, genetic association studies in PSC 

have now confirmed 22 susceptibility loci with genome-wide significance. 

Table 8.3 shows the timeline of all the non-HLA susceptibility loci associated 

with PSC. 

 

 
 

 

 

 

 

 

Table 8.3. Timeline of all non-HLA susceptibility loci associated with PSC. 
Year Chr Lead SNP Candidate gene UK PSC data 

included 
Ref 

2011 2q13 rs6720394 BCL2L11 No (145) 
 3p21 rs3197999 MST1 No  
2012 10p15 rs4147359 IL2RA Yes (208) 
2012 1p36 rs3748816 MMEL1, TNFRSF14 No (146) 
2013 2q33 rs7426056 CD28, CTLA4 Yes (202) 
 4q27 rs13140464 IL2, IL21   
 6q15 rs56258221 BACH2   
 11q23 rs7937682 SIK2   
 12q13 rs11168249 HDAC7   
 12q24 rs3184504 SH2B3, ATXN2   
 18q22 rs1788097 CD226   
 19q13 rs60652743 FUT2, PRKD2, STRN4   
 21q22 rs2836883 PSMG1   
2013 2q37 rs3749171 GPR35 No (209) 
 18q21 rs1452787 TCF4   
2016 2q36 rs7556897 CCL20 No (210) 
 4q24 rs3774937 NFKB1   
 12q23 rs12369214 RFX4, RIC8B   
2017 3p13 rs80060485 FOXP1 Yes (203) 
 11q13 rs663743 CCDC88B   
 16p13 Rs725613 CLEC16A, SOCS1   
 21q22 rs1893592 UBASH3A   



for CeD (28,29), CD (10,30), and MS (31–33), and tumor
necrosis factor alpha (TNFa) signaling with RA (34,35)
(Table 1). SLE being a primary disease affecting B cells, it
is rewarding that two of the new SLE risk loci contain genes
(BANK1 and BLK) that might be involved in B cell hyperacti-
vation and production of autoantibodies (36,37) (Table 1). It
now becomes essential to determine functionally how
genetic variation within these genes modulates cytokine sig-
naling or autoantibody synthesis, and how these modulations
contribute to the etiology of autoimmune diseases (see below).
The innate immune system had previously been implicated

in the development of CD. Two non-synonymous SNPs and
one truncation variation in NOD2, which encodes a protein
that mediates the interaction between microbes and the intes-
tinal mucosa, were the first DNA sequence variants associated
with CD risk (15,16). GWAS results have reinforced the
importance of innate immunity in the pathogenesis of CD
since two of the new CD disease loci include the autophagy
genes ATG16L1 and IRGM, which likely defend the host
against intestinal pathogens (13,14). Autophagy is a process
by which cellular ‘debris’ are degraded by lysosomes, and
can be used as an innate immune response to clear intracellular
pathogens (38). The discovery of a non-synonymous SNP in
the interferon-induced helicase IFIH1 gene suggested that
innate immunity might also play a role in the development
of T1D (39). This helicase can detect viral dsRNA; thus, it
might be one of the answers to the reported correlation
between viral infection and T1D susceptibility (40). In the
coming years, it will be important to learn whether innate
immunity is involved in the pathogenesis of other autoimmune
diseases, and to resolve the extent to which adaptive and
innate immunity interact together, and with the environment,
to increase or decrease disease risk.
One of the most striking observations that can be made from

for the list of DNA polymorphisms associated with risk of
developing CeD, CD, MS, RA, SLE and T1D is that many
of them cluster around the same loci (Fig. 2 and Table 1).

For instance, SNPs around the protein tyrosine phosphatase
PTPN22 gene have been convincingly associated with CD,
RA, SLE, T1D as well as with Graves’ disease (GD), an auto-
immune disease affecting the thyroid. In this particular
example, we know that the same coding SNP (R602W) in
PTPN22 is associated with CD, GD, RA, SLE and T1D, but
that the specific allele that protects against CD (602W) actu-
ally predisposes to GD, RA, SLE and T1D (30,41). This clus-
tering of genetic risk factors for many autoimmune diseases
suggests that these diseases might share, at least partly,
similar underlying causal mechanisms. It also offers a new
strategy to identify additional genetic risk factors: if there
are common disease mechanisms, combining GWAS results
from different autoimmune diseases could provide sufficient
statistical power to identify them.

REMAINING QUESTIONS

All the published GWAS for autoimmune studies have been
performed in populations of European descent, often only in
adults. It will be extremely informative to test whether these
new risk alleles associate with disease susceptibility in other
ethnic groups, in children, and whether they have stronger
effect in men or women. These issues require additional
work, but are otherwise relatively straightforward to address.
More difficult is the identification and functional validation
of the causal genes and alleles at each of these loci: currently,
excellent candidates for actual causal sequence variants have
been identified for only a small subset (,25%) of the loci
listed in Table 1. Of tremendous importance if we are to
understand how these sequence variants influence disease
pathogenesis, this task will require very strong collaborations
between human geneticists and experimental biologists. It will
also require the establishment of bio-banks with large collec-
tion of relevant tissues and other bio-specimens to facilitate
experiments in the appropriate live cell types or cellular
environments. And then there is the study of other forms of
genetic variation, rare or structural and their role in the etio-
logy of complex autoimmune diseases. One great example
is the recent discovery of a 20 kb deletion polymorphism
that controls the expression of the autophagy IRGM gene
and associates with CD (42). New technological development,
such as next-generation sequencing technologies and
improved genotyping platforms (43), should help answer the
question about the importance of rare or structural variants
in complex human diseases in the near future, although
challenges remain on how to interpret data from these new
technologies and how to leverage this information to establish
causality of associated variants.

How can we use this genetic information to help auto-
immune patients now? It is essential to know whether geno-
typing these SNPs can help predict whether someone is
likely to develop one of these diseases. Although this is an
avenue of research that should be pursued, it is a formidable
task that will necessitate very large prospective cohorts and
long epidemiological studies. On a more contemporary time
scale, it would be valuable to know if these SNPs associate
more strongly with forms of each of these diseases that are
characterized by severe complications. In such case, diagnosed

Figure 2. There is an overlap in the genetic risk loci for CeD, CD, MS, RA,
SLE and T1D. This may suggest common mechanisms that lead to the devel-
opment of autoimmune diseases. We did not include the MHC region in this
network, but variants in this region are associated with all of these diseases.

Human Molecular Genetics, 2008, Vol. 17, Review Issue 2 R119

Ekta Rai, smim, Feb 2011, Genetic predisposition to autoimmunity. 



Genetic risk Summary
� These SNPs probably are - candidate drivers for shared 

genetic architecture between diseases

� Common genetic/biological mechanisms may underlie 
observed clustering of AI-diseases in individuals or 
family 

� Grouping variants by the diseases they influence can 
provide:

- Predictive models of disease risk
- mechanistic insights into disease development



Risk stratification



Natural history
� Variable progression (not everyone progresses)

� Complications of PSC (cholangitis, jaundice, 
malignancy ~ 10-15%)

� Progressive biliary cirrhosis (~ 20 - 30%) 

� Complications of cirrhosis



Natural history



UK-PSC Risk Score
� Short-term and long-term risk prediction

� Significance of ALP remains unclear (variable levels)

� Score more relevant for research trials  

� Extent of disease is more important (intra or extra-
hepatic)



Treatment

� Several drugs have been studied

� None alter disease progression 



Treatment
� Drugs evaluated in treatment of PSC

� No impact on disease progression or prognosis
� AIH overlap/IgG4 sub-group improve with steroids

Immunosuppressive Anti-fibrotic Anti-TNF

Steroids Colchicine Infilximab

Budesonide Penicillamine Etanercept

Tacrolimus/Cyclosporine Pirfenidone

Azathioprine/MMF

Methotrexate



Role of UDCA in PSC
� Meta-analysis (8 RCTs) (1, 2):

- 567 pts; 5 x standard dose; 3 x high dose
- Improvement in biochemical profile
- No improved survival with standard or high-dose
- Median F/U = 3 months – 6 yrs
- Small no. of patients (n = 567) 

� Not enough evidence to support/refute use of UDCA

1) Triantos et al, Aliment Pharmacol Ther 2011. 
2) Poropat G et al, Cochrane Database Syst Rev, 2011. 



UDCA in PSC/IBD
� Chemopreventive effect of UDCA on risk of CRC/dysplasia 

has been suggested
� Mainly limited by sample size (n = 50 – 100)

� *5 yr RCT of UDCA vs placebo
� 98 PSC-IBD cases
� Median f/u – 12 yrs
� No protective effect of UDCA

seen 

*Lindstrom L et al, Aliment Pharmacol Ther 2012. 



Rx of PSC Chemoprevention for CRC in 
PSC/UC

EASL 
(2009)

Limited data base does not yet 
allow a specific 
recommendation for UDCA 
use

- Suggestive but limited evidence
- Consider in high risk groups: strong
F/H of CRC, previous CRC or long-
standing colitis

AASLD 
(2010)

Recommend against the use 
of UDCA

Recommend against the use of UDCA

BSG
(2018)

No role for UDCA No role for UDCA



Management of PSC 
� General lifestyle measures

- healthy diet/exercise/physical activity
- alcohol (< 14units/week)
- medications (antibiotics/analgesics) 

� Itch
- cholestyramine (1st line)
- Rifampicin, Naltrexone (2nd line)

� Fatigue
- no licensed treatment 



Out-patient monitoring
� 6 – 12 monthly blood tests

� Annual Ultrasound scan (gall bladder polyps)

� Annual MRI scan (if involvement of large bile ducts)

� Screen for Oesteopenia/Vit D deficiency (~ 15%) 

� Annual Colonoscopy (for PSC-IBD); Joint PSC-IBD clinic



Research



Table 1 Currently registered drug trials (ClinicalTrials.gov) in primary sclerosing cholangitis (PSC) listed by suggested modes of action

Nuclear and membrane receptor ligand-based therapies
Obeticholic acid FXR agonist NCT02177136

Phase 2
AESOP, open-label phase ongoing

GS-9674 Selective, non-steroidal FXR agonist NCT02943460
Phase 2

Significant reduction of AP with 100mg at 12
weeks

FGF-19 signalling pathway analogues
NGM282 Supposedly non-tumorigenic, engineered

variant of the human hormone FGF-19
NCT02704364
Phase 2

Primary endpoint (statistically significant
change in AP) not met according to a press
release

PPAR agonists
Fenofibrate PPAR-! agonist NCT01142323

Phase 2
Open label, significant reduction in AP and

ALT; no significant change in Mayo PSC
risk score

All-trans retinoic acid (ATRA) Low-dose all-trans retinoic acid NCT01456468
Phase 1
NCT03359174
Phase 2

Primary endpoint (statistically significant
reduction in AP) not met in phase 1 study
(completed), phase 2 ongoing

Bile acids
norUrsodeoxycholic acid
(norUDCA)

HCO3
!-rich choleresis-inducing bile acid

derivative
Phase 3

Cytokine/chemokine mediator targeting therapies
Cenicriviroc CCR2/CCR5 antagonist NCT02653625

Phase 2
PERSEUS, completed December 2017

Vedolizumab Anti-!4"7 integrin antibody NCT03035058
Phase 3

withdrawn in early 2018

Timolumab (BTT1023) Anti-VAP-1 antibody NCT02239211
Phase 2

BUTEO

Antifibrotic therapy
Simtuzumab LOXL2 inhibition NCT01672853

Phase 2b
Primary endpoint (significant change in

hepatic collagen content) not met
Modulation of the gut microbiome

Vancomycin Antibiotic NCT02605213
NCT02464020
NCT02137668
NCT01322386
NCT01802073
NCT01085760

Rifaximin Antibiotic NCT01695174
(published)

Open-label pilot study, no significant
improvements in serum AP, bilirubin, GGT,
or Mayo PSC risk score

Minocycline Antibiotic NCT00630942 Open-label pilot study
Metronidazol Antibiotic NCT03069976 Peadiatric

Faecal microbiota transplantation NCT02424175
Phase 1/2

Other or undefined modes of action
Maralixibat (LUM001) ASBT inhibitor NCT02061540

Phase 2
CAMEO, completed, no clinically relevant

change in liver biochemistries
Hymecromone Inhibition of synthesis of hyaluronan NCT02780752

Phase 1/2
Mitamycin C Inhibition of myofibroblasts NCT01688024

Phase 2
HTD1801 NCT03333928

Phase 2
No valid information retrievable

DUR-928 NCT03394781
Phase 2

No valid information retrievable

Thalidomid NCT00953615 One subject, terminated
Docosahexaenoic acid (DHA) High DHA supplementation NCT00325013

Phase 1
Sulfasalazine Anti-inflammatory NCT03561584

Phase 2a
Curcumin Naturally occurring plant compound NCT02978339

Phase 1/2
Umbilical cord mesenchymal stem
cells (UCMSC)

Intra-arterial injection of UCMSC NCT03516006
Phase 1

ORBCEL-C Selected UCMSC NCT02997878
Phase 1/2

Erlotinib (Tarceva) Epodermal grotwh factor receptor (EGFR)
blockade in patients with trisomy 7

NCT00955149
Phase 1

Curr Hepatology Rep (2019) 18:96–106 99

Krones, E., et al. Curr Hepatology Rep (2019) 18: 96. 



Wales PSC database

� Identify all PSC cases under follow-up in Wales

� Collect clinical & sub-group phenotypic data

� Collaborative studies with UK-PSC cohort and 
drug trials locally (POLARISE trial)

� Standardise care and reduce variations in practice 
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