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Pathophysiology of NASH and targets of therapy

• What happened to the “Two-hit hypothesis”?
– (Hit 1: steatosis, Hit 2: oxidant stress, lipid peroxidation,injury)

– Degree of steatosis does not correlate with NASH severity

– Oxidant stress occurs but not yet shown to be necessary

• Alternative paradigm: “Lipotoxic liver injury”
– Free fatty acids promote the generation of toxic lipids

– Neuschwander-Tetri, B. A. Hepatic lipotoxicity and the 
pathogenesis of nonalcoholic steatohepatitis: the central role of 
nontriglyceride fatty acid metabolites. Hepatology (2010) 52:774-
788.
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Minor sources:
• Autophagy
• Membrane 

turnover
• Lipoprotein 

remnant uptake
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Prevent substrate overload
Healthy eating habits
- Portion control
- No fast food
- No sugary drinks
Bariatric surgery/balloons, etc. 
Pharmacological manipulation 
of satiety

Adipokines, 
adipose-derived 

cytokines
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- Activation of BAT?
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- TGR5 activation?
- Cannabinoid receptor blockers
- Understand genetic basis for phenotypic 

variation in energy efficiency
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Improve mitochondrial function
- Exercise?
- Olesoxime (TRO19622 )
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Inhibit de novo lipogenesis
- Target specific key enzymes, 

- Eg, ACC
- Target SREPB1c, the transcription 

factor responsible for DNL 
- Eg, FXR activation with 

obeticholic acid, other agents

Targets of therapy
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lipolysis
- Improve adipose insulin sensitivity 

- TZDs such as pioglitazone
- Target adipose tissue inflammation

- TGR5 agonists?
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Augment triglyceride synthesis 
and secretion from the liver
- Beware of cardiovascular risks!

Hypertriglyceridemia
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Reduce injury/Cell death
- ER stress inhibitors
- Caspase inhibitors
- Hedgehog ligands
Augment protective pathways
- Antioxidants
- Cysteamine
- Aramchol
- Fish oil
- SAMe
Alter facilitators of injury
- Probiotics
- CPAP
- Adipokines
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Reduce inflammation
- (assumes that inflammation has a 

causative role in injury)
- PDE4 inhibitors (negative trial)
- CCR2/5 inhibitors
- anti-TNFα (pentoxifylline, others) 

Adipokines, 
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Antifibrotics
- LOXL2 inhibition (simtuzumab)
- Galectin inhibition (GR-MD-02)
- CCR2/5 inhibitors

Targets of therapy
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Summary

• The lipotoxicity paradigm predicts therapeutic targets

• The optimal therapeutics may be ones that target:
– Substrate availability

– Energy efficiency

• NASH treatment needs to be personalized, will likely 
include several approaches for each patient
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