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Natural history of chronic liver disease

Pellicoro A et al 2014, Nature Reviews Immunol, 14:181-94. 
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Adapted from Friedman SL 2012, PNAS 109 9230-31 

Fibrogenesis in the liver is highly dynamic and even in advanced disease waxes and wanes

Hepatic stellate cells are the major source of collagen 
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The clinical imperatives 

Therapies that suppress 
fibrosis progression

Will need a low
toxicity profile 

Patients will generally    
be asymptomatic 

Therapy likely to    
be lifelong

Minimal invasive 
biomarkers



Adapted from Konerman MA et al, Journal of Hepatology 2018 vol. 68 j 362–375 

Current Landscape of Clinical Trials in NAFLD

HEPATOPROTECTIVE



Nuclear Receptors as “energy vectors” in the liver 

lipolysis

Adapted from Tanaka N et al 2017, Pharmacol & Therapeutics 179:142-57 

Metabolic

Agonists as indirect or direct anti-fibrotics
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FXR Agonist obeticholic acid (OCA) – a promising anti-fibrotic

Semi-synthetic bile acid analog 
Used in treatment of primary biliary cholangitis (PBC)

REGENERATE – Phase 3 study in NASH with stage 2 or 3 liver fibrosis

Mild to moderate puritis 19%.                   28%.                      51% 

18 months

Repeat biopsy for histological end-point
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Awaiting FDA approval



McMahan RH, J Biol Chem 288 1176-70.

db/db leptin-receptor 
deficient obese mouse

INT-767 a dual FXR/TGR5 agonist ameliorates NASH and fibrosis

Phase 1 clinical trial completed
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Distinct macrophage phenotypes in the fibrotic niche 
Neil Henderson

SAMac = Monocyte-derived TREM2+, IL1B+, SPP1+, LGALS3+, CCR2+, TNFSF12+ Ramachandran P et al, Nature Oct 2019



Ceniciviroc (CVC): an oral CCR2/CCR5 inhibitor 

Krenkel O et al 2018, Hepatology 67: 1270-83

Anti-inflamm



CENTAUR: phase 2 testing efficacy of CVC in NASH

Scott Friedman

Friedman SL et al 2018, Hepatology 67: 1754-67



10 patients on CVC and 5 on placebo achieved full resolution of fibrosis

Frequency of adverse events (fatigue, headache, diarrhea) similar between treatment and placebo

CVC achieves significant anti-fibrotic benefit compared with placebo

Friedman SL et al 2018, Hepatology 67: 1754-67

At 1 year

Now awaiting AURORA Phase 3 data (n=2000)
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Barry-Hamilton V et al 2010, Nat Med 16; 1009 

Three trials in liver disease failed to demonstrate improvement in fibrosis (+ adverse events)
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Summary/Conclusions so far…….

Despite promising pre-clinical data we are yet to translate mechanistic biology to an effective anti-fibrotic 

Manipulating the recruitment and/or phenotype of monocyte-derived macrophages is promising. 

Variability of disease progression (and regression) is a major challenge for NAFLD clinical trails
- Ideally we should be treating patients who are rapid progressors……

Our pre-clinical models are imperfect
- Ideally we need complex human models of fat-driven liver fibrogenesis……



The clinical imperatives 

Therapies that suppress 
fibrosis progression

Minimal invasive 
biomarkers

Diagnostic Dynamic to reflect
disease process Prognostic

Genetic (e.g. PNLPA3), metabolic (e.g. Leptin), inflammatory (e.g. IL-6, CCL2), fibrogenic (e.g. Pro-C3, TIMP1) 



Can the DNA methylome progression of steatosis to cirrhosis? 

Non-
progressors

Fast
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NAFLD diagnostic liver biopsy (F0) 
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DMR =
70 CpGs in a 

1000bp window

657 DMRs
annotated to
487 genes

Red = hypermethylated in np
Blue = hypermethylated in fp

A Fibrosis methylome landscape   

Unpublished



Whole Genome Bisulfite Sequencing on cc-fDNA
12 Mild/stable vs 12 Advanced NAFLD

Unpublished

Grade 0-2 NAFLD Grade 3-4 NAFLD
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Ex-vivo Precision Cut Liver Slices (PCLS)

Pros
• Physiologically and structurally representative of tissue 

architecture. 
• Human slices from “normal” or diseased tissue.
• Builds confidence in drug testing.
• Toxicology and metabolism data.

Improved (human-based) pre-clinical drug development platforms 



Modelling fibrogenesis in human PCLS 

Paish HL et al 2019, Hepatology 70: 1377-91 



Dr Jack Leslie

Prof Fiona Oakley



C-Rel inhibitor IT-603 blocks fibrosis in human liver slices  



Modelling NAFLD in human PCLS 

Unpublished 



Modelling fibrosis in other organs  

PCKS PCHS
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