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The many-faced role of autophagy in liver diseases
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Hepatology Snapshot
Autophagy is a cellular process for lysosomal degradation of subcellular substances. The process has two main functions: to eliminate
potentially hazardous or dysfunctional organelles or proteins, and to
obtain energy and new building blocks for protein synthesis.
Autophagy is a dynamic process with multiple steps and a complex
regulation that interacts with many molecular pathways involved in
cellular proliferation, apoptosis or response to cellular stress. For these
reasons, autophagy has been described to be altered in liver disease.1
For a summary of early and late (macro)autophagy steps, please see
the left panel of the figure.
Autophagy in NAFLD/NASH
In addition to protein degradation, autophagy constitutes a mechanism of lipid droplet degradation. However, autophagy is negatively
regulated under high ATP, free fatty acid and insulin levels, all of which
are common features of non-alcoholic fatty liver disease (NAFLD) or
steatohepatitis (NASH). In this direction, pharmacological induction of
autophagy may represent a good target for normalization of lipids, glucose levels, endoplasmic reticulum stress and hepatic damage.2
However, as one of the strongest physiological activators of autophagy is starvation, the optimal approach for NAFLD/NASH would be
the adoption of healthier lifestyles, which would represent cessation
of the causative agents, while normalizing hepatic metabolism by restoring autophagy.
Autophagy in viral hepatitis
Hepatitis B (HBV) and C (HCV) viruses have been demonstrated to
take advantage of the autophagy machinery for their own replication.
Indeed, infected hepatocytes display high levels of autophagosomes
but impaired lysosomal degradation, while inhibition of autophagy at
early stages, either pharmacologically or genetically, has been reported
to reduce viral replication and infection in vitro.3 Therefore, inhibition
of autophagosome formation could represent a good strategy in combination with antiviral therapy.
Autophagy in fibrosis
Autophagy may have a dual role in fibrosis depending on the cell type.
On one hand, hepatic stellate cells (HSC) use autophagy as a mechanism of lipid droplet degradation, which provides an energy supply
for their activation. Indeed, pharmacological inhibition of autophagy
prevented in vitro activation of mice and human HSC while reducing
lipid droplet degradation.4
On the other hand, autophagy prevents hepatic macrophages
(Kupffer cells [KC]) from releasing the inflammatory cytokines interleukin (IL)-1A and IL-1B and thus inhibits subsequent myofibroblast
activation.5
Overall this suggests that targeting autophagy for the treatment of
fibrosis should be approached using cell-specific autophagy modulators, probably aimed at down-regulating HSC autophagy while maintaining/increasing autophagy in KC or other hepatic cells.
Autophagy in HCC
One of autophagy’s functions is the elimination of damaged and potentially dangerous protein aggregates or organelles. Consistently, autophagy deficient mice display higher spontaneous tumor frequency,
associated with accumulation of p62 protein aggregates, suggesting
that autophagy prevents tumorigenesis.6 However, autophagy may
contribute to tumor cells’ resistance to chemotherapy and their ability
to survive during the different stages of metastasis.7 These studies suggest that inhibiting autophagy may be a beneficial approach in combination with chemotherapy, although autophagy down-regulation may
increase the risk of tumorigenesis in genetically prone patients.
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Autophagy in acute liver injury
The difficulty in autophagy assessment in vivo has led to divergent
conclusions regarding autophagy in the context of ischemia reperfusion (I/R).8 In summary, autophagy seems to play a beneficial role in
the prevention of liver damage after I/R.9 However, it may be differentially regulated upon reperfusion depending on the type of ischemia
(warm or cold) and the preservation solution chosen. Interestingly,
the only study on the sinusoidal endothelium suggests that simvastatin pretreatment – independently of its described lipid-lowering
effects – maintains endothelial autophagy by correcting the ability of
autophagosomes to fuse with lysosomes through a Rac1-Rab7-KLF2
mechanism, ameliorating endothelial viability and liver microvascular
function.10
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