Separating the metabolic benefits from lipoprotein abnormalities
associated with FXR agonists--gut vs. liver effects
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Farnesoid X nuclear receptor ligand obeticholic acid for
non-cirrhotic, non-alcoholic steatohepatitis (FLINT):

a multicentre, randomised, placebo-controlled trial * Improvement in NAFLD activity score* (NAS) 2 2 pts
— * NAS = steatosis grade (0-3) + inflammation grade (0-3) + ballooning grade (0-2)

FLINT primary endpoint
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* Results:

p = 0.0002
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Efficacy of Obeticholic Acid in Patients With Primary Biliary ®
Cirrhosis and Inadequate Response to Ursodeoxycholic Acid
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OCA in 68 Healthy Volunteers: Lipid Analyses
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Transporters & FXR: lleal & Hepatic Components of the EHC

Schaap, Nat Rev Gl Hep 2014 Cholesterol Primary bile acids (e.g. CDCA)
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FXR Agonists
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Gene expression profiling in human precision cut liver slices
in response to the FXR agonist obeticholic acid
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Caveats: —

 “The hPCLS used for this study were obtained from patients with a
high BMI (35-43 kg/m?).”

 Dedifferentiated human cells in culture—CYP7A1 & CYP8B1 were not
downregulated.
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Effect of OCA in human liver slices

Effect of OCA in WT mice
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Essential, but seemingly contradictory effects of FXR & BA signaling in NAFLD

Intestinal farnesoid X receptor signaling promotes
nonalcoholic fatty liver disease
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Intestinal FXR ko protects against
HFD-induced hepatic steatosis
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Intestinal FXR Antagonism
improves NASH in mice

J Clin Invest. 2015;125:386—-402.

Intestinal FXR agonism promotes adipose tissue
browning and reduces obesity and insulin resistance
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Fexaramine (Intestinal FXR agonist) improves
HFD-induced hepatic steatosis
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Intestinal FXR Agonism
Improves NASH in mice

Nat Med. 2015;21:159-165.
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Intestine-selective farnesoid X receptor inhibition
improves obesity-related metabolic dysfunction
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NAFLD & NASH:

FXR Agonism or FXR Antagonism

Both work =2 Why?



Intact Enterohepatic Interrupted Enterohepatic
BA Recirculation BA Recirculation

- lleal ASBT
Inhibition

lleal ASBT inhibition will
Improve the hepatic and

whole body response to [ I

HFD in mice




Study Design & Endpoints
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Asbti [SC-435] x 16wk

Mice: Male, C57BL6J, 4-6 weeks, n=7-16/group

HED: ALIOS (45% fat; 0.2% cholesterol),
+ Added Sugars in the Drinking Water

Asbti: 0.006% SC-435, 10 mg/kg/day
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SC-435 Inhibits lleal ASBT function
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ASBTI Improves Glucose Tolerance

GTT
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ASBTI Reduces Hepatic Lipids, But Not Total Bile Acids
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ASBTI Improves Hepatic NAS & Steatosis Scores
Chow HFD HFD + Asbti
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ASBTI Markedly Alters Hepatic BA Composition
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Hypothesized Mechanisms of Action of ASBTi in Liver
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ASBT inhibitors in cholangiopathies - Good for mice,
good for men?
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FXR is a molecular target for the effects of
Vertical Sleeve gastrectomy Nature. 2014 Mar 26.
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Interaction of Diet (PC), microbes, BAs, Genes (FMO3) - CV Disease
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Bile acid based therapeutic trials (~ 200 in clinicaltrials.gov)
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Summary: FXR & the Lipids in NASH

* Bile acid (BA) biology: opportunities for discovering new
linked components of the Gut-Liver-Microbe-Gene Axis

— Differential effects of FXR & BAs in lleum, Colon, Liver, Fat, ...
— Individual BA’s have distinct functional properties

« FXR Agonists in NAFLD & NASH: Lipid Issues

— Reduces CYP7A1 & BA synthesis
— ANTotal Cholesterol

— ALDL

— W HDL

 Further evidence that we will need to attack NASH

from multiple therapeutic angles
— FXR Agonism & Antagonism both improve NASH in mice

— ASBT inhibition improves NASH in mice
* Reduces Hepatic TG & Cholesterol
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LDL Pathway targets HDL Pathway targets
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