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Advances Pathogenesis of NAFLD
Key Concepts

• Lipocentric view – lipotoxicity (FA)
• Cytokines & oxid. stress ~ final pathway
• Novel genetic markers (KLF6, PNPLA3)
• Diet (fructose, trans fats)
• Moderate C2 (<10g/d) protective (IR)
• Role of obstructive sleep apnea (hypox)
• Bacterial overgrowth, permeability (diet)
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Progression ???

„Liver“ prognosis good
Cardiovascular risk

Adams et al., Adams et al., GastroGastro 2005; 129: 1132005; 129: 113
RuttmannRuttmann et al., et al., CirculationCirculation 2005; 112: 21302005; 112: 2130

IoannouIoannou et al., et al., HepatologyHepatology 2006; 43: 11452006; 43: 1145

Liver-releated Death
(11% / 8J)

MatteoniMatteoni et al., et al., GastroGastro 19991999



• Primary NAFLD
– Insulin resistance

• Other causes (2o NAFLD)
– Drugs (e.g., tamoxifen) 
– Total-parenteral nutrition

– Intestinal bacterial
overgrowth

NAFLD & Metabolic Syndrome

Chitturi et al., Hepatology 2002; 35: 373
Marchesini et al., Hepatology 2003; 37: 917
Bugianesi et al., Hepatology 2005; 42: 987

Central obesity
T2D, Glc >100
HDL-Chol <50
TG >150



Postic & Girard, JCI 2008; 118: 829

Metabolic Defects Leading to the 
Development of Primary NAFLD 
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Jou, Choi & Diehl, Sem Liver Dis 2008; 28: 370

FA as Initiators of Hepatic Inflammation 
Oxidative Stress, & Fibrogenesis
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Van der Poorten et al., Van der Poorten et al., HepatologyHepatology 2008; 48: 4492008; 48: 449



Browning & Horton, JCI 2004; 114: 147
Reddy & Rao, AJP 2006; 290: G852
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Browning & Horton, JCI 2004; 114: 147
*Inagaki et al. Cell Metabolism 2007; 4: 405

**Cao et al., Cell 2008;134: 933 
#Lee et al., Science 2008; 320: 1492
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New Players in Regulation of Hepatic               
FA and TG Metabolism in Mice
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Houten et al., EMBO J 2006; 25:1419-25
Thomas et al., Nature Drug Disc 2008; 7: 678

Bile Acids (BA) as Modulators of Hepatic 
FA and TG Metabolism in NAFLD
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Postic & Girard, JCI 2008; 118: 829

Metabolic Defects Leading to the 
Development of NAFLD 

LipotoxicityLipotoxicity



Tamura, S. et al., J. Clin. Invest. 2005;115:1139-1142
After data from: Donnelly et al., J. Clin. Invest. 2005;115:1143-1151

White Adipose Tissue as Major Source of 
FA and Liver Fat in NAFLD
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Fed: 60%
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TG Lipolysis is a Multistep Process 
Requring Several Tissue Lipases
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Romeo et al., Nature Genetics 2008; online

Genetic Variation in PNPLA3 (Patatin-like 
Lipase) Confers Susceptibility to NAFLD



Energy substrate
Precursor of lipid metabolites
Protein acylation
Ligands for nuclear receptors

Detergents
Acidic
Lipotoxic
Apoptosis

Lipolysis
Lipogenesis

Lipotoxicity of FA Resulting from 
Dysbalance in Lipogenesis & Lipolysis

Unger, Ann Rev Physiol 2003; 65: 333
Malhi & Gores, Sem Liver Dis 2008; 28: 360



Yamaguchi et al., Hepatology 2007 & 2008

Postic & Girard, JCI 2008; 118: 829
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Progression ???
Bad Fat Storer? 

Good Fat Storer? 



Thank you for your attention!


