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Autoimmune liver disease: the lead indication for adult liver transplantation in the UK
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PSC is one of the most common indications for liver transplantatic
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PSC is rare but the incidence and prevalence are rising
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PSC Is not just a condition of the liver
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PSC recurrence free survival

The presence /activity of colitis and recurrent PSC ptransplant

A Birmingham (UK}
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Colectomy prior to transplantation lowers the risk of recurrent PSC

(A) Colectomy before liver transplantation Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Alexander et al. 2008 -0.02 0.83 6.8% 0.98 [0.19, 4.99)]
Celley et al. 2014 -0.87 1.11 3.8% 0.42 [0.05, 3.69] .
Gordon et al. 2016 0.02 0.48 20.2% 1.02 [0.40, 2.61] S
Lindstrom et al. 2018 -0.71 0.33 42.7% 0.49 [0.26, 0.94] -
Moncrief et al. 2010 -1.27 1.01 4.6% 0.28 [0.04, 2.03] v
Ravikumar et al. 2015 -0.21 0.46 22.0% 0.81 [0.33, 2.00] ]
Total (95% CI) 100.0% 0.65 [0.42, 0.99] ‘
Heterogeneity: Tau? = 0.00; Chi* = 2.92, df = S (P = 0.71), = 0% F t + {
Test for overall effect: Z = 2.03 (P = 0.04) ol e : 19 S
(B) 1BD presence IBD No IBD Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Alabraba et al. 2009 0.55 03 162 68 26.1% 1.73 [0.96, 3.12] [
Alexander et al. 2008 2.1 1.07 59 10 3.2% 8.17[1.00, 66.50]
Egawa et al. 2011 0.65 0.39 44 49 18.4% 1.92 [0.89, 4.11] e
Gelley et al. 2014 -0.89 0.96 21 4 4.0% 0.41 [0.06, 2.70]
Gordon et al. 2016 0 037 217 90 19.8% 1.00 [0.48, 2.07] i
Hildebrand et al. 2016 0.85 0.36 220 76 20.6% 2.34[1.16, 4.74] —
Moncrief et al. 2010 0.96 0.66 48 11 7.8% 2.61[0.72, 9.52] v
Total (95% CI) 771 308 100.0%  1.73[1.17, 2.54) g
ity 2 - A iZ - - - o L ¥ + — -
Heterogeneity: Tau® = 0.06; Chi® = 7.70, df = 6 (P = 0.26); I = 22% 0.01 o 10 100

Test for overall effect: Z = 2.78 (P = 0.006)

Steenstraten Trivediet al. AlimentPharmacal2019
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Gut-liver immunity

Palek J. Trivedi, David H. Adams
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AEnteric microbiome changes

I Reduced microbial diversity
I Enrichment of amine-producing species
I Increased carcinogenic potential

ADisrupted intestinal barrier
I Lower expression of tight-junction proteins
I Reduced short-chain fatty acids

ADysregulated mucosal immunity

I Heightened T, 17 responses to pathogen
stimulation

I Pertubed regulatory T-cell function
I Aberrant mucosal lymphocyte homing

APathological enterohepatic bile acid
shifts
I Reduced TGR5 expression
I Increased gut FXR expression

Trivedi and Adams. Hepatol2016



Gut microbiome integrates environmental influences into host physiology
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Main bacterial phyla

Firmicutes

> Includes SCFA producers

> Secondary bile acid synthesis

> Lactobacillales (production

of antimicrobials, gut barrier,

tryptophan metabolism)

Bacteroidetes

> Involved in bile acid metabolism

> inflammation involved species such as
Bacteroides fragilis

> Catablism of complex oligosaccharides
> supports colonization resistance and

B vitamin production

Exposome

Integration center

e > Comsumes mucin to produce acetate and

o Qmen 0 Proteobacteria
> Several pathogenic species (e.g. Klebsiella)
that thrive under nitrates and oxygen
> Expansion under short transit time as well
H as inflammation
Health : Disease Actinobacteria
: ; ! o Diversity 4 > Supports growth of other symbionts &
g;,\:ﬁgslgﬁs t . Expansi}gn of pathobionts interacts to increase biotin and butyrate
Protective metabolites T i e Protective metabolites | \F)I:eor(rjllxjgzt:l;?crobioa
Secondary bile acids 1 ! o Amine oxidase substrates T ) .
Intestinal Barrier function? ' e Impaired intestinal barrier > Akkermanisa species as the only genus

microbiota

proionate
> improves intestinal barrier function

Secondary bile acids
e Immune activating microbiota

SchneideirKummen TrivediHov, Hepatology 2023



Dutch microbiome project

Current exposome
{m=10)

AL

Metagenomics (N = 8,208):

W 1,253 taxa
‘ B 584 pathways
B 130 virulence factors

B 303 antibiotic
resistance genes

Blood and urine
measurements

n=21)

Gacesat al. Nature 2022



Heritability and effect of cohabitation on the gut microbiome

a Heritability (bacterial species)
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b Heritability (bacterial biochemical pathways)

P 0-845: suparpathway, pyridoxal 5 -phosphate bicsynthesis and salvags -
PYRIDOXSYM-PWY: pymidoxal 5'-phosphate bicsynthesis |
NAGLIPASYN-PWY: lipid-IV, biosynthesis (E. col)
1CMET2-PWY: N'°-formiyl-tetrahydrofolate bicsynthesis |
PWY-5101: L-isolewcine biosymthesis I -
PWY-E703: prell, bicsynthesis 1
PAMTO-FWY: phosphopantothenate biosynthesis | |
ANAERCOFRUCAT-FWY: homolactic fermentation -
PWH'0-1318: COP-diacylghycerol biosynthesis 11
PWY-5667: COP-diacylghcen biosynthesis | |
RHAMCAT-PWY: L-rhamncss degradation |
PWY-TE83: gondoate biosynthesis (anasrobic) |
PWY-621: sucrose degradation |l (sucrose invertasa)
COBALSYMN-PWY: adencseylcobalamin salvags from cobinamide | |
PWY-5873: cis-vaccenats biceynthesis
PWH-7228: supsrpathway, guanosine nuclectides de novo bicsynthesis | 4
PWY-7197: pyrimidine decxyribonucleotide phosphorylation 4
PWY-5484: giycolysis 1l {from fructose 6-phosphata)
PWY-6125: suparpathway, guanosine nuclectides de novo biceynthesis |1 4
GLYCZOLYSI5: ghycolysis | (from glucose G-phosphata)
0 0.25 ; ] 1.00
OCohousing [ Family B Environment [ Additive genetics

Gacesat al. Nature 2022



Microbiome changes in autoimmune liver diseasaetiologyor severity?
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Dysbiosis

PSG IBD

A Genera discriminating patients from HC

PSC-only CD

In PSC and PSC

L - PSC exclusive signature
Enterococcus
Streptococcus

Lactobacillus
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Colon biopsies
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PSC- IBD disease mechanisms appear to be different to IBD alone at a mucosal level
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Hepatic vascular adhesion protein (VAPR)expression in autoimmune liver disease

VAP-1 VAP-1 Negative control
(x 400)

(x 200) (x 400)

NL

AlH

PBC

PSC &

Trivedi, Liaskoy Adams, Westoet al. Gut2018



Consequences of hepatic VAPactivation

AGE
Interactions with immune cells A
Aldehyde
NH,
H,O 4
What are the | 2 2 Adducts
sources of amine :
substrates? .
v
Activation

Weston and Adamg. Neur. Trans2011



Mesenteric Intestinal mucosal
lymph node vessels
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Velocity (nmol H,O, / min.) ———»

VAR1 activity Is substrate dependent
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Cysteamine exposure can lead to colitis In mice

A Cysteamine induces colitis in mice
I Kliceket al. 2013;).PhysioPharmacal

A Inflamed colonic epithelium anBscherichiand Enterobactespp. ¢ main
provider of cysteamine

I Overexposure to cysteamine, colitis and cancer
A Martin et al. 2004J.Clin Inv.
A Gensolleret al. 2013nflamm Bowel Dis

I Inhibit cysteamine generation: attenuates colitis / prevents colorectal cancer
A Berruyeret al. 2006]. Exp. Med



Bacterial abundance co -correlation network

Red and blue lines in (C) and (D) indicate positive and negative correlations between

species, respectively. .
¢ Healthy controls D PSC
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Down regulation of vit. B6 synthesis is associated with poorer clinical outcomes in PSC

P < .0001
log-rank: P < .0001
200~ 100 PLP
—— 4th quartile
150 f_g = 3 quarti!e
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a B é 5 —— 1st quartile
| g 100- 2 50+
o =‘ 2
£ =
i - )
50 3% . L
0 1 1 0 1 1 1 1 1
PSC HC 0 2 4 6 8 10
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PLP 3 yr i d ehloaphate5 Nj

. . . Kummenet al. Gastro. 2021
Active form of vitamin B6

Braadlandet al. J. Hepatol. 2023



Vancomycin for colitis in PS@D

A 17 children with PSCIBD
A All 15/15 normalised to <200

A Mean faecal calprotectin improved from 1055 to 51

Table 1 Comparison of indication, colonoscopy findings, mucosal biopsies, PUCAI scoring, FC
and liver phenotype at baseline and during treatment with oral vancomycin (OV)
Age OV Indication Colonoscopy PUCAI FC Liver phenotype
1 15 Failed CMT:  Pre-OV Mayo 3 40 960 Cirrhosis negative
5-ASA Pancolitis PHT negative
steroids Rectal sparing Fibrosis 3
P On OV Mayo 0 0 26
UDCA Histology normal
2 17 Failed CMT:  Pre-OV Mayo 3 30 500 Cirrhosis negative
Steroids Worse right side PHT negative
TP On OV Mayo 0 0 150 Fibrosis 1
MTX Histology mild
IFX
3 15 Failed CMT:  Pre-OV Mayo 2 45 1531 Cirrhosis negative
EEN Pancolitis PHT negative
Steroids TP o gy Mayo 0 0 77
?g)T(X Histology normal

A PSGIBD (n=8, OLT=5)
A Vancomycin 125mg QDS 6 to 8 weeks
A Mean reduction of Mayo Score (UC) 7 points

TABLE 1. Oral Vancomycin Effects on Clinical and Endoscopic UC Mayo Score

Current
ov,
Total
Liver Dose/
Transplant fc Prior Failed Day ion Longest Remission
Patient PSC Treatment mg Initiation Time/Current Status
Female  Liver 250 isone 9(5/22) 0 (0/0/0) 9
transplant
at
Female 375 None 8(5/2/1) 0 (0/0/0) 8
Ny
Mayo at
24mo: 0
Female  Liver 5-ASA 375 Tacrolimus 11 (6/2/3) 0 (0/0/0) 11 19 mo
52y transplant 6MP Mycophenolate Clinical Mayo 0
Vedolizumab underwent
for flat high-grade
dysplasia
Female Liver trans- 5-ASA 375 Budesonide 7(3/212) O(0f0/0) 36 mo
plant x2 &MP Tacrolimus
1
Male Liver Infliximab 750 Low-dose prednisone (31202 O(0f0/0) 14 mo
39y transplant Clinical Mayo 0
Female Liver 375 Vedolizumab 8(4212) 2(2INAJD) 6 9mo
By transplant fecal calprotectin Clinical Mayo 0
Infliximab normalized
Adalimumab
Vedalizumab g8 wk
Male PSC without 375 Azathioprine 6(2272) 1¢0/1/0)
2y cirrhosi:

Tan LiZa et al. Gut. 2019

Dao A et al. IBD

. 2019



PSC-Vancomycin study (NCT05376228)
ECCO Grant 2021

Metagenomics and
metatranscriptomics
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Oral vancomycin
125mg QDS for
4 weeks |

Lower Gl endoscopy
and colon biopsies at
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A Completed in Nov 2022
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)

> Multi-omics integration

-

A Clinical and mucosal microbiota data so far

A Colonic RNA -seq, metagenomic,

metatranscriptomics
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IBD activity | faecal calprotectin

Faecal calprotectin

25001 A = 223.1ug/g, p = <0.05
[ |
ANOVA = 0.00047 A = -449.3uglg, p = <0.05
{ I
A =-672.4ug/g, p = <0.001

I

2000

1500

1000

Faecal calprotectin (ug/g)

500
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Clinical outcomes

Partial Mayo
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Mayo Endoscopic subscore
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Clinical outcomes

Alkaline Phosphatase
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Taxonomic changes post oral vancomycin

Mucosal taxonomic changes post oral vancomycin at week 4
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Shifts in microbial metabolic pathways

KEGG orthologs
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Bile Salt Hydrolase inferred gene abundance

The bile acid deconjugation pathway

Bile Salt Hydrolase inferred abundance (week 0 vs week 4)

A =-52147.5, p<0.001
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Correlation of bile salt hydrolase with faecal calprotectin levels

°
R=0.73, p<0.001

;’@o °
®e

o
(3]
[=3
o

1000 1500 2000
Faecal calprotectin

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

A BSH levels correlate strongly with faecal calprotectin

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




Oral vancomycin for PSC in adults
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Figure 1| Change in alkaline phosphatase in low- and
high-dose vancomycin and metronidazole groups:

(a) low-dose vancomycin, (b) high-dose vancomycin,
(c) low-dose metronidazole, (d) high-dose
metronidazole. Decrease in alkaline phosphatase was
significant in the low- and high-dose vancomycin
groups (P = 0.03 and P = 0.02 respectively). Note:
Bold, dashed lines represent the group medians. Outlier
present (top curve) in low-dose vancomycin group.

TabibianJ et al. AP&T. 2013
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Fig. 4. Serum alkaline phosphatase (ALP) level box plot for the
vancomycin and placebo groups during 3 moments of the study
(baseline, first month, and third month)

RahimpourS et al. J Gastro Liver Disease. 2016



Is oral vancomycin beneficial for liver disease in PSC?
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Data from the International Paediatric PSC Consortium; Deneau et al. Hepatology. 2



Oral vancomycin exacerbates biliary fibrosis in mice

Awoniyi et al. Gut 202z



Faecaimicrobiota transplantation attenuates biliary injury in an experimental model of sclerosing cholangiti
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Faecal microbiota transplantation (FMT) in u. colitis

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

Figure 3. Forest plot of comparison: | Fecal microbiota transplantation versus control for participants with
ulcerative colitis, outcome: |.l Clinical remission at 8 weeks.

FMT Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Costello 2017a 19 38 5] 35 287% 2.92[1.32, 6.46] —
Moayyedi 2015 9 38 2 37 140% 4.38[1.01,18.94]
Paramsothy 2017a 18 41 8 40 316% 2.20[1.08, 4.46) —
Rossen 2015 5 23 8 25 257% 0.82[0.33,1.99] — .
Total (95% Cl) 140 137 100.0% 2.03[1.07, 3.86] ’
Total events 52 24
Heterogeneity: Tau®=0.21: Chi*=5.97, df=3 (P=0.11); F= 50% ; t t {
Testfor overall effect. Z= 217 (P=0.03) 0.01 0.1 10 foo

Favours control Favours FMT

ImdadA et al. Cochrane Review. 2018

STORPColitis pilot (FMT for U® Birmingham, St Marks, Glasgow)
Patient A < 1 year, on azathioprine Patie.n

4

t B¢ > 5 years, failed 3 biologics
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A 9 with IBD and 9 with large duct PSC
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FMT Iin PSC 1 FARGO RCT

Screening

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

“4— SCREENING —»
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Treatment

Grant awarded 2022
Due to openin Q4 2023

Treatment Visit 1
Week 1 (+/- 3 days)

~ FMIT delivered viz colonoscopy |

Treatment Visit 2
Week 2 (+/- 3 days)
FMT enema

Multicentre, nationwide RCT

Treatment Visit 3
Week 3 (+/- 3 days)
FMT enema

Treatment Visit 4
Week 4 (+/- 3 days)
FMT enema

TREATMENT
Weeks1-8

Treatment Visit 5
Week 5 (+/- 3 days)
FMT enema

Treatment Visit 6
Week 6 (+/- 3 days)
FMT enema

Treatment Visit 7
Week 7 (+/- 3 days)
FMT enema

Treatment Visit 8
Week 8 (+/- 3 days)
FMT enema




CARBALIVE for the Treatment of Advanced
Cholestatic Disease: The CATCH Study

Funded March 2023

Increased gut Inflammation,

: o Deranged immune surveillance |
Function and permeability

1 | * Peripheral
* Hepatic

‘ Altered Microbiome |

Increased Bacterial Translocation
Increased ‘Products’ of Bacterial metabolism

Complications of Cirrhosis and

Acute on Chronic liver failure

Images courtesy o¥agrit Discovery Ltd.
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