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Autophagy 

-Autophagy, or cellular self-digestion, is a catabolic process which targets 
cell constituents (damaged organelles, unfolded proteins, intracellular 
pathogens) to lysosomes for degradation. 
 
Autophagy turnover maintains cellular energy homeostasis  
 
Cellular pathway is crucial for development, differentiation, survival and 
homeostasis.  
 
Important links between the regulation of autophagy and obesity  
(food intake, adipose tissue development, β cell function, insulin sensitivity 
and hepatic steatosis). 
 
 
Three types of autophagy:  -macroautophagy 

    -chaperone-mediated autophagy 
    -microautophagy 
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•   Dynamic process (Autophagic flux) 

•   Responses dependent on the activation level 
  (positive or deleterious response) 

 
•   Difference between acute and chronic stimulus 

•   Organs and Cells “specific”:  
  Liver    Adipose tissue 
  Hepatocyte   Stellate cells 

 
•   Dependent on vesicle trafficking 

  Cytoskelton and Membrane composition   

Autophagy 



Basic molecular machinery of autophagy 
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( Rautou et al, J Hepatol. 2010;53(6):1123-34 ) 



Alteration of the insulin pathway 
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Adipocyte differentiation 

( Singh et al, JCI, 2009: 119(11):3329-39 ) 
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Adipose tissue development 
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Autophagy  regulates  
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( Singh et al, JCI, 2009: 119(11):3329-39 ) 



Autophagic flux 
in adipose tissue 
(aP2-ATG7 KO) 

( Zhang et al, PNAS. 2009;106(47):19860-5 ) 

Autophagy  regulates  
The “brownisation” of AT tissue 
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( Lavallard  et al, Pharmacol Res. 2012;66(6):513-25 ) 

Increased autophagy in AT has been associated with obesity 
and type-2 diabetes in mice and humans. 

( Kovsan et al. J Clin Endocrinol Metab 2011; 96: E268–E277 ) 
( Goldman et al. Autophagy 2010; 6: 179–181 ) 

Autophagy  and Adipose tissue 
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( Jung et al. Cell Metab. 2008;8(4):318-24 ) 



Autophagic flux 
in adipose tissue 
(∆β-ATG7 KO) 

Compensatory effect in HFD 

( Ebato et al. Cell Metab. 2008;8(4):325-32 ) 

INS-1 cells: 2 hr Acute 

(Komiya et al. BBRC. 2010, 401, 561–567) 
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Autophagy is activated for cell survival  
after lipo-apoptosis in HepG2 cells 

( Lavallard  et al, 2013 in preparation ) 

Acute 
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( Lavallard  et al, Pharmacol Res. 2012;66(6):513-25 ) 

Autophagy  and β Cells 

(Meijer AJ, Codogno P.,  
Cell Metab. 2008 Oct;8(4):275-6) 



Development of hepatic steatosis 

Gut 

Hyperinsulinemia 
Hyperglycemia 

CM 

VLDL 

Esterification 

Increased lipolysis 

β-oxydation 

Increased  
lipogenesis 

NEFA 

FA TG 

Adipocytes 

TG 

Diet 

NEFA 

DNL 
( Donnelly et al. J Clin Invest. 2005;115(5):1343-51 ) 

59% 
26% 15% 



Hepatic Lipophagy 
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Hepatic Autophagy and ER stress 
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(Yang et al, Cell Metab. 2010 Jun 9;11(6):467-78 )  



Defective autophagy results in elevated ER stress and 
 insulin resistance in lean mice 
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(Yang et al, Cell Metab. 2010 Jun 9;11(6):467-78 )  



Restoration of Autophagy and Improvement of Insulin 
Action by Reconstitution of Atg7 in Obese Mice (ob/ob) 

Autophagic flux ER Stress Insulin sensitivity 

Hepatic Autophagy and ER stress 

(Yang et al, Cell Metab. 2010 Jun 9;11(6):467-78 )  
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 ( Sinha et al. Hepatology. 2013, in press ) 

Coffee and Hepatic steatosis 



 ( Ding WX. Hepatology. 2013, in press ) 

Drinking coffee burns hepatic fat by 
inducing lipophagy coupled with 

mitochondrial β-oxidation.  



195 severely/morbid  
obese womens 

 ( Anty et al., J Hepatol. 2012;57(5):1090-6 ) 

Regular coffee drinking is protective against fibrosis  
in morbidly obese women with NAFLD 
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( Lavallard  et al, Pharmacol Res. 2012;66(6):513-25 ) 
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Exercise 
(BCL2 mutant constitutively associated with Beclin) 

 

Lipid synthesis β oxidation 

Muscle and autophagy 

( He et al. Nature 2012.481, 511–515) 
(Klionsky et al. Cell Metabolism, 2012, 15, 273-4) 

Mutant mice fed a HFD but not 
exercised are largely indistinguishable 
from Wt mice regarding these 
metabolic parameters, suggesting that 
basal autophagy does not contribute 
substantially to resting lipid or glucose 
homeostasis. 



Muscle and autophagy 

(Kim et al. Nat Med. 2013;19(1):83-92.) 
(Fisher FM et al. Nat Med. 2013 Jan;19(1):17-8) 
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Ethanol and autophagy 



Chaperone Mediated Autophagy 

( Rodriguez-Navarro JA, Cuervo AM. Autophagy. 2012;8(7):1152-4)  
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