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Metabolic Defects Leading to Steatosis
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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



Autophagy in hepatic adaptation to stress
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NAFLD: Natural History
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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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NASH Fibrosis: Stage-dependent Mechanisms
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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

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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Cellular Responses Following Increased Intracellular ROS
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Intestinal Permeability and the Activation of Gut-Liver Innate Immunity
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NASH Fibrosis: Stage-dependent Mechanisms
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PNPLA3 and NAFLD

Severity of liver disease
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Proportions of genotypes in HCC and controls

70% -
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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. ) Hep 2014



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

pro-fibrogenic phenotype of human HSC
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Mutated PNPLA3 confers a pro-fibrogenic phenotype to human HSC

Liverinjury

HSC Activation |—> a-SMA
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Bruschi F. et al. Hepatology 2017



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

Allelic Discrimination Plot

> G/G PNPLA3 HSC | | | | | Primary hHSC were isolated (n = 23 donors), cultured in 2D followed by
EESEEEEEESEEEENEEEENEEENENEN, EEEE genotyping for PNPLA3(1148M) and RNAseq data analysed with Ingenuity

= A T pathway analysis (IPA).
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Caon E et al. 2020 unpublished



PNPLA3 (148M) SNP promotes the activation of human HSC through a dysregulated

oXidative stress response
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Caon E et al. 2020 unpublished



3D Human Healthy and Fibrotic Liver ECM

Donor healthy human liver
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Mazza G et al, Nature Scientific Report 2015; Mazza G et al, Nature Scientific Report 2017




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
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Chemokines and NASH Progression

i Anti CCR2-CCR5 strategy: approaching the complexity of the
doposition NASH inflammatory network
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Cumulative survival (%)

Fibrosis and NAFLD Outcome

0.8-
0.6
-7 Non-NASH, Fib (-)
1 "1 Non-NASH, Fib (+)
0.41 | _rv NASH, Fib (-)
I NASH, Fib (+)
—— Censored
0.21 | -+ censored
—}— Censored
—— Censored
0.0
0 5 10 15 20
Follow-up (years)
279 241 197 137 72
56 46 30 19 7
43 35 31 20 12
241 197 124 58 18

P=.238

P =.800

Non-NASH, Fib (-)
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NASH, Fib (-)
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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)
20%
17%

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 treatment of NASH. Percentage of MCO PD/MDs (n=30). Survey data
collected December 201 7.



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

PHASE | (14 drugs)

ebutanoic acid
*CER209
eevogliptin
*DUR928
*MK-4074
*OPRX-106
*PF06865571
*PF06882961
*PXS-5382A
*RG-125
*RYI-018
eseladelpar
*SGM-1019
*TVB-2640

PHASE 11 (29 drugs)

medications
*ARX618

*Bl 1467335
*DS102
eEDP-305
eemricasan
egemcabene
*GR-MD-02
*GRI-0621
*(GS-0976
*(GS-9674

o |[MM-124E
*|ONIS-DGAT2Rx
*|VA-337

elipaglyn

e JN452
LMB763
*MGL-3196
*VIN-001
*MSDC-0602K
*NC101
*NGM282
*NS-0200
e0zempic
*PF-05221304
*PF-06835919
eremogliflozin etabonate
*SHP626
*TVB-2640
*\/K2809

PHASE Il (5 drugs)

ecenicriviroc

eelafibranor

e(Qcaliva (obeticholic acid)
eSelonsertib

earamchol
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