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Metabolic Defects Leading to Steatosis

Increased

lipolysis

Hyperglycemia, P Increased (N ——
h;geri?\gculinemia | lipogenesis \uE Esterification §

Decreased
B-oxidation

Insulin
resistance

Postic and Girard, J Clin Invest 2008;118:829 i



NAFLD: Natural History

RISK FACTORS
Overweight
Obesity
Metabolic syndrome
Dyslipidemia

Type 2 diabetes . '
Polycystic ovary syndrome e -
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' one stage fibrosis per decade
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NAFLD: Natural History
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Adaptation of the Liver Lobule with Increasing Fat Accumulation
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Micro-environmental predisposing condition to oxidative stress?

Role of Autophagy?

Hall A et al., Scientific Reports 2017



Journal of Hepatology 2020 vol. 72 | 183-196
Autophagy in hepatic adaptation to stress
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NAFLD: Natural History
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Prevalent

Type of Fibrosis Pattern Histology Mechanisms
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Pathogenesis of NASH
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Pathways of Stellate Cell Activation in Liver Injury
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Fibrotic Evolution of NASH
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Fibrosis in NASH: A Chronic Wound Healing Response?

NASH Fibrosis
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Modified from Chiang et al., AJP-GI 2011



NASH Fibrosis: Stage-dependent Mechanisms

Large droplets

Bloated of fat CO”agen Scarring
Hepatocyte hepatocyte fibers
\ @ \ o
® o
o ®
. 0
® ®
[ ) 0 () 0
/ () ° o Y
Nucleus /
Inflamed Remnant of
Small droplets Displaced Necrotic dead cells
of fat nucleus hepatocyte
No evident necrosis . .
Evident necrosis
Defective Autophagy
LIPOTOXICITY

Oxidative Stress
Genetic factors




Pathways of Lipotoxic Liver Injury
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Effectors and Targets of Lipotoxicity

EFFECTORS

Free fatty acids
Free cholesterol
Ceramides
Sphingosines
Phospholipids
Leukotrienes

TARGETS

Mitochondria
Lipid droplets
Autophagy
Cholangiocytes



Pathways of Lipotoxic Liver Injury
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Oxidative Stress a Common Denominator in Chronic Liver Diseases

Increased intracellular ROS levels potentially any liver cell but mainly
hepatocytes and activated HSC
200x 400x
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HO1: heme-oxygenase 1, a redox sensitive gene
up-regulated in cells undergoing or
exposed to oxidative stress

Novo et al. J Pathol 2012, 226:588-97



Sources of Intracellular ROS and Related Intermediates in Chronic Liver Injury
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Reactive Aldehydes induce a direct pro-fibrogenic effect in human HSC
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Parola M. et al., Biochem Biophys Res Comm 1996; 222:261-264
Parola M. et al., J Clin Invest 1998; 102:1942-1950



Cellular Responses Following Increased Intracellular ROS

Growth Factors and

Cytokines
Y NADPH mitochondria
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Intestinal Permeability and the Activation of Gut-Liver Innate Immunity
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Pinzani M and Macias Barragan J. Expert Rev Gastroenterology and Hepatology 2010



NASH Fibrosis: Stage-dependent Mechanisms
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PNPLA3 and NAFLD

Severity of liver disease

Presence of NASH
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Proportions of genotypes in HCC and controls

HCC
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50% +—
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20% A

10%
0% I_
cC CG GG
Genotypes for PNPLA3 rs738409 (minor allele: G)
Variables OR (95% Cl) P-value
PNPLA3 rs738409 2.26(1.23-4.14) 0.0082
Age 1.24(1.17-1.32) <0.0001
Gender (Male) 11.11(4.17-33.33) <0.0001
BMI 0.94(0.87-1.02) 0.148
Diabetes 2.33(0.93-5.81) 0.070
Cirrhosis 9.37(3.82-23.00) <0.0001

Liu et al. J Hep 2014



PNPLAS3 is required for HSC activation and its genetic variant 1148M potentiates

the pro-fibrogenic phenotype of human HSC

Primary human HSC PNPLA3WT
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Mutated PNPLA3 confers a pro-fibrogenic phenotype to human HSC

Liverinjury
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Human HSC: Primary Genotyping for PNPLA3 1148M PNPLA3 SNP variant

Allelic Discrimination Plot
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ENENENNENEEENENENNENERNNEN ; T genotyping for PNPLA3(1148M) and RNAseq data analysed with Ingenuity
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PNPLA3 (148M) SNP promotes the activation of human HSC through a

dysregulated oxidative stress r

esponse

GG PNPLA3 HSC

CG PNPLA3 HSC |

) |. 1B | | un
CC PNPLA3 HSC .:“ 1 II ] IIIH‘F. 738 1

GG vs CC
CAHET QT HOM_WT
88
180 686
5
94 542

T LHLJ——T_.‘.~PT':..‘_‘¢:,—;JT- —I-A-r-,_-r_p_r—-_.?—-——— e L‘-:i“_JLv._J!bh"L!‘-‘_q
|

|
|

bt e H GG vs CG ’Jl‘w g

Venn diagram of differential gene
expression comparison between WT
(CC) PNPLA3 HSCs, CG PNPLA3 HSCs

and CC PNPLA3 HSCs

Caon E et al. 2020 unpublished




3D Human Healthy and Fibrotic Liver ECM
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PNPLA3 (148M) SNP promotes the activation of human HSC through a

dysregulated oxidative stress response
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Cellular Cross-Talk in Liver Fibrogenesis

Biliary Liver Liver sinusoidal
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Chemokines and NASH Progression

Anti CCR2-CCR5 strategy: approaching the complexity of the
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Marra & Tacke, Gastroenterology 2014



Fibrosis and NAFLD Outcome
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Angulo et al., Gastroenterology 2015



Fibrosis in NASH: Still a Confused End-point!!!!

Despite liver fibrosis being the only end point currently a strong predictor of negative
outcomes in NASH patients - it's not the most important factor to payers...

Impact on NASH (improvement,
resolution)

Progression to cirrhosis
Impact on liver fibrosis
Need for liver transplantation

Health-related quality of life

survival
Adverse events (e.g., pruritus)

Which of the following clinical measures would you consider most important when assessing the cost-
effectiveness of a novel drug for the freatment of NASH. Percentage of MCO FPD/MDs (n=30). Survey data
coflected December 201 7.



PHASE | (14 drugs)

*butanoic acid

*CER209
*evogliptin
*DUR928
*MK-4074
*OPRX-106
*PF06865571
*PF06882961
*PXS-5382A
*RG-125
°*RYI-018
*seladelpar
*SGM-1019
*TVB-2640

PHASE Il (29 drugs)

medications
*ARX618

°Bl 1467335
°DS102
*EDP-305
*emricasan
*gemcabene
*GR-MD-02
*GRI-0621
*GS-0976
°GS-9674
*IMM-124E
°|ONIS-DGAT2Rx
°IVA-337

*lipaglyn
*LIJN452
*LMB763
*MGL-3196
*MN-001
*MSDC-0602K
°*NC101
*NGM282
*NS-0200
*ozempic
*PF-05221304
*PF-06835919
*remogliflozin etabonate
*SHP626
*TVB-2640
*VK2809

NASH pipeline crowds at mid-stage, but has few advanced candidates

PHASE Il (5 drugs)

*cenicriviroc

*elafibranor

*Ocaliva (obeticholic acid)
*Selonsertib

*aramchol
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SAVE THE DATE

Tuesday Thursday
5 th . > 7 th
May 2020

A comprehensive guide to liver disease
in the clinic, acute take & ICU featuring:

© Interactive grand rounds © Real-life case discussions
' Hot topics in hepatology © Q&As with the experts

m Royal Free London
HWHS Froundation Trus
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CPD accreditation by the Royal College of Physicians (UK)

A curriculum-based course in Hepatology for Gl
and acute medical trainees, and a comprehensive clinical update
for consultants.
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