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Natural history of chronic liver disease
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* Removal of underlying cause cancinoms

* Anti-fibrotic drug or cell therapy

Nature Reviews | Immunology

Pellicoro A et al 2014, Nature Reviews Immunol, 14:181-94.



Variable Progression of Non-Alcoholic Fatty Liver Disease

Up to 42% 5-18% rapid
over 6 years - 38% slow —
Healthy NAFLD NASH Cirrhosis
1.8 Billion
people

Steatosis Inflammation/Fibrosis Architectural Disruption

20%




Hepatic stellate cells are the major source of collagen
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Fibrogenesis in the liver is highly dynamic and even in advanced disease waxes and wanes



The clinical imperatives

Patients will generally Therapy likely to Will need a low
be asymptomatic be lifelong toxicity profile

Therapies that suppress
fibrosis progression

Minimal invasive
biomarkers




Current Landscape of Clinical Trials in NAFLD
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Metabolic Nuclear Receptors as “energy vectors” in the liver
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EEENETE Bile acid agonists of receptors TGRS and FXR
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FXR Agonist obeticholic acid (OCA) — a promising anti-fibrotic

Intercept |}

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

Primary Efficacy Analysis (ITT Placebo OCA 10 OCA 25
population: n=311 mg mg
NASH with stage 2 and 3 liver n=312 n=308
fibrosis)

Fibrosis improvement (=1 stage) 11.9% 17.6% 23.1%
with no worsening of NASH* p=0.0446 p=0.0002**

Mild to moderate puritis

19%.

28%.

51%

Awaiting FDA approval

18 months

Repeat biopsy for histological end-point

Non-bile acid

I agonists Cilofixor
LDL cholesterol — > Tropifexor
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INT-767 a dual FXR/TGRS5 agonist ameliorates NASH and fibrosis
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McMahan RH, J Biol Chem 288 1176-70.



W Multicellular functions of the PPARSs
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- Myeloid inflammatory cross-talk in liver fibrosis
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Ceniciviroc (CVC): an oral CCR2/CCRS inhibitor
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Scott Friedman

CENTAUR: phase 2 testing efficacy of CVC in NASH

812 patients assessed for eligibility
* 610 biopsies taken

523 excluded
» 436 did not meet eligibilty criteria

Y

289 randomized

| - 31 withdrew consent
» 12 lost to follow-up
* 44 had other reasons

l

l

145 assigned to receive cenicriviroc
* 144 received cenicriviroc
« 1 did not receive cenicriviroc

144 assigned to receive placebo
* 144 received placebo

>

20 withdrew before the end of year 12
« 10 withdrew consent
« 9 discontinued due to adverse events

Y

18 withdrew before the end of year 1°
—p| + 7 withdrew consent
» 8 discontinued due to adverse events

Y

year 1 biopsies

126 with paired screening and

14 with missing year 1 biopsy
5 with non-evaluable year 1 biopsy®

126 with paired screening and
year 1 biopsies

15 with missing year 1 biopsy

3 with non-evaluable year 1 biopsy®

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



CVC achieves significant anti-fibrotic benefit compared with placebo

4 B
50 501 At 1 year
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Frequency of adverse events (fatigue, headache, diarrhea) similar between treatment and placebo

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

Now awaiting AURORA Phase 3 data (n=2000) Friedman SL et al 2018, Hepatology 67: 1754-67



Pro-resolving macrophages
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Galectin-3
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LOXL2 (Cu-dependent amine oxidase)
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Three trials in liver disease failed to demonstrate improvement in fibrosis (+ adverse events)



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
- ldeally 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

Dynamic to reflect
disease process

Diagnostic 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?

NAFLD diagnostic liver biopsy (FO)

Fast

Non-
Progressors

progressors




. A Fibrosis methylome landscape
ast progressors Non-progressors
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12 Mild/stable vs 12 Advanced NAFLD

Grade 0-2 NAFLD
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Improved (human-based) pre-clinical drug development platforms

Ex-vivo Precision Cut Liver Slices (PCLS)

Pros

* Physiologically and structurally representative of tissue
architecture.

 Human slices from “normal” or diseased tissue.

e Builds confidence in drug testing.

Toxicology and metabolism data.

Complexity of model
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Modelling fibrogenesis in human PCLS

8 ) Cores are embedded
mm tissue into agarose

' channels between
"~ paired wells

BioR plate

PCLS on 8um
inserts in 3mls
of media in two

AUC of oxygen consumption rate

(=)

connected wells Paish HL et al 2019, Hepatology 70: 1377-91
Seahorse on liver PCLS 1 - Col1A1 oaSMA TIMP1
700
. 8 8 2000 *rk gy _** 8 * I *
5 .5 250 l _5 %0 _ 5 600
=2 oy * * o5 o5
- TE 200 2 1500 °8 500 23
g 22 18.4 22 2 400
£ o 8 150 Py o2
*xx e 25 2§ 100 =g 300
XXX - E% 100 E% Eg' 200
*¥¥% XXX Lo o 500 Qo
BL= = R 2 fos AN 10N
1 2 3 4 = ol = 0 = gle=
Days of in vitro culture t=0 Cont +veh +AIk5i t=0 Cont +veh +AIKS5i t=0 Cont +veh +AIKk5i
T 96h -_— 96h -_—
72h fib stim 72h fib stim 72h fib stim

[ Rocked BioR plate
[ Static plate



Article | Published: 09 November 2020  nature metabolism
c-Rel orchestrates energy-dependent epithelial and
macrophage reprogramming in fibrosis
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C-Rel inhibitor IT-603 blocks fibrosis in human liver slices
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Modelling NAFLD in human PCLS
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PCLS- 6 day of culture
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Modelling fibrosis in other organs

PCKS PCHS
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