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Abstract

In recent years, increasingly evidences show that autophagy plays an important role in the

pathogenesis and development of liver diseases, and the relationship between them has increasingly become a

focus of concern. Autophagy refers to the process through which the impaired organelles, misfolded protein,

and intruding microorganisms is dcgradcd by lysosomcs to maintain stability inside cells. This article states the

effect of autophagy on liver diseases (hepatic fibrosis, fatty liver, viral hepatitis, and liver cancer), which aims

to provide a new direction for the treatment of liver diseases.
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S one of the important forms of cell death,

autophagy is a process for maintaining stability

inside cells through degradation of impaired cell

organelles, misfolded protein, and intruding
microorganisms by lysosomes.? Under nutrient deficiency
or stress conditions, autophagy would usually be activated
in order to protect cell viability.! Autophagy includes three
types: macroautophagy, chaperone mediated autophagy,
and microautophagy. As one important metabolic
process inside cells, autophagy is mainly regulated by
two signals pathway among mammals: rapamycin
(mTOR)-dependent pathway and rapamycin (mTOR)-
independent pathway.?
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RESEARCH METHODS AND TESTING
INDEXES OF AUTOPHAGY

At present, gene knockout, autophagy inhibitor, and
mTOR inhibitor are adopted in autophagy studies. The
autophagyrelated genes mainly include Beclinl, Atg5 and
Atg7, and autophagy inhibitors mainly include Aralen and
3-methyl adenine (3-MA). Aralen, an inhibitor in the later
period of autophagy, is mainly used in vivo experiments.
Whereas, 3-MA, an inhibitor in the early period of auto-
phagy, is mainly used in vitro experiment.® Besides, rapamycin
as the pathway inhibitor of mTOR, has become one
indispensable tool in the research of autophagy.® Cur-
rently, autophagy is assessed by means of electron
microscope, western blot and immunofluorescence. Auto-
phagosome or autophagolysosome observed by electron
microscope is considered as the gold standard for analy-
zing autophagy.®
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AUTOPHAGY AND HEPATIC FIBROSIS

In recent years, accruing evidences indicate that
autophagy plays a vital role in the formation of hepatic
fibrosis. While hepatic stellate cells (HSCs) as the main source
of hepatic fibrosis, mainly located in the perisinusoidal
Disse cavity between endothelial cells and hepatocytes,
account for about 5% to 15% of the total number of cells in
the liver. It is characterized by perinuclear lipid vacuolation
that is stored with retinyleasters and triglycerides. When
acute or chronic liver injury occurs, HSCs proliferate, then
liver fibrosis generates and lipid vacuolations disappear.
But the mechanism of lipid vacuolation disappearance is still
unclear. Thoen et al® found that HSC activation resulted in
increased autophagy in vitro and vivo experiments. While
reducing the degree of HSC activation decreased
autophagy level as well.’

Autophagy and activation and proliferation of HSCs
The activation and proliferation of HSCs is a key factor in
the development of hepatic fibrosis, which involves various
signal molecules and transduction pathways, such as
intracellular inflammasome, farnesoid X receptor (FXR),
peroxisome proliferator activated receptor (PPAR), vitamin
D receptor (VDR), retinoic acid receptor, Rev-erba
receptors, liver X-activated receptor (LXR) receptors and
Wnt/B-catenin, gata binding protein 4 (GATA4) and
Hedgehog signaling pathways.® Autophagy is a metabolic
process and participates in HSC differentiation by various
signaling molecules common encoding, including Hedgehog,
LXR receptor, Rev-erba receptor, and PPAR-y.? Hernandez-
Gea et al'® have found that autophagy can provide energy
for HSC activation by hydrolyzing retinoid material into
fatty acids. This finding also explained why retinoids will be
lost when HSCs get activated. Other mesenchymal cells is
activated by this typical autophagy reaction as well.!!
Kluwe et al'? found that HSCs still had the ability of
activation in retinoid deficiency model with lecithin retinol
Acyl transferase (LRAT) gene knock-out mouse, so there is
no necessary connection between HSC activation and
retinoid matters. Other studies have found that retinoid
compounds can convert retinol into retinal and retinoic acid,
which are related to collagen expression and activation of
transforming growth factor B (TGFB), thus activating
natural killer (NK) cells to phagocytize HSC.'> ** Thus
autophagy can reduce phagocytosis of HSC from NK cells
by stimulating retinyl esters hydrolysis and promoting
retinoid metabolism, and then lead to the development of
liver fibrosis. Antophagy inhibitor might provide a new
strategy for the treatment of liver fibrosis.
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Autophagy and apoptosis of HSCs

As we know, hepatic fibrosis is a reversibly dynamic lesion,
which can be reversed by promoting the apoptosis of
activated HSC cells. Autophagy, another form of cell death,
has a close relationship with apoptosis. As one kind of anti
apoptotic factor, Bcl-2 family can not only inhibit apoptosis,
but also interact with Beclin and affect autophagy.'> '®
Zhan et al*’ found that transient receptor potential vanilloid
4 (TRPV4) can inhibit apoptosis of stellate cells through
AKT signaling pathway of autophagy. Kawasaki et al'® also
found that the accumulation of collagen in HSCs disturbed
by heat shock protein 47 (HSP47) could induce cells to
death by endoplasmic reticulum stress when autophage is
inhibited. Fu et al*® also found TGF-B1 (a potent fibrogenic
cytokine involved in liver fibrosis) could reduce apotosis via
autophage induction. The above results showed that
autophagy could inhibit apoptosis of HSCs. However, how
autophagy to inhibit apoptosis is not clear. So, further
researchs are still required to understand the mechanism
of autophagy inhibitng apoptosis of HSCs.

Autophagy and aging of HSCs

Though the molecular remains unclear,
multiple reports have shown that autophage is associated
with aging. Krizhanovsky et al?® found p53 knock-out could
aggravate degree of liver fibrosis in rats. Other studies
have indicated that cells aging can activate the mammalian
target of rapamycin (mTOR) pathway by adjusting up
insulin/insulin like growth factor-1(IGF-1) signaling pathway,
thus inhibiting autophagy.?" %2 In addition, Zhao et al*> found
that the ability of autophagy in long-lived naked mole rats
was significantly higher than that in short-lived rats.
Furthermore, they found that the ratio of apoptotic cells to
normal HSCs would increase when treated with 3-MA or
rapamycin. From this result, we can conclude that auto-
phagy may inhibit the aging of HSCs.

mechanism

AUTOPHAGY AND OTHER LIVER DISEASE

Autophagy is not only involved in the formation of liver
fibrosis, but also plays an important role in the occurrence
and development of other liver deseases such as fatty liver,
viral hepatitis, and liver cancer, and so on.

Autophagy and fatty liver

In hepatic cells, autophagy is an approach of fat meta-
bolism by wrapping up partial or even whole lipid droplets
to form autophagy lysosome, and then decompose it into
free fatty acids.>* For non-alcoholic fatty liver, the mech-
anism of disease incidence is not clear, but the classic "two
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hits" doctrine has been widely recognized. This theory
indicates that "the first strike" happens as a result of the
liver lipid deposition caused by insulin resistance, while“the
second strike", based on the first strike, is a kind of
inflammatory reaction due to the accumulation of reactive
oxygen species (ROS) in the liver. Stankov et al*® found
that ROS and lipid accumulation can be removed by
autophagy, which contributes to the treatment of non-
alcoholic liver disease. In the study of alcoholic fatty liver, it
is found that the metabolism of ethanol may decrease the
activity of AMPK in the liver, while AMPK inhibits autophagy
through mTOR pathway. The ethanol is also can change the
transportation of vesicles in the liver cells and reduce the
transportation of raw materials to inhibit autophagy. On
the one hand, whatever alcohol or non-alcohol fatty liver
cells, the inhibition of autophagy can increase the lipid
content inside cells.?® 2’ The degree of steatosis can be
improved by expression of autophagy related gene (ATG7).%
Therefore, how to stimulate autophagy mildly under the
physiological state may be a new way to treat fatty liver.

Autophagy and viral hepatitis

Autophagy plays an important role in viral replication.
While the effect of hepatitis B virus (HBV) on autophagy
remains ambiguous. It has also been demonstrated that
HBV can induce autophagy and promote its DNA replication.?
This procession is mainly mediated by HBV X protein (HBX),
which activates autophagy via up-regulating the expression
of Beclin1.3® Autophagy is also activated when it is com-
bined with related enzyme at the starting stage of autophagy
and class Il phosphatidylinositol 3-kinase (C3-PI3K).3*
Tian et al*? knocked out Atg5 in the liver of rats in order to
inhibit autophagy, and the serum levels of HBV DNA,
HBeAg, HBsAg, and RNA of S gene all decrease. Moreover,
HCV also regulated the autophagic flux to enhance its
replication.*® Therefore, HBV and HCV are able to induce
autophagy to enhance theirs replication. Inhibiting autophagy
can significantly inhibit the replication of hepatitis virus,
which may be a potential target for anti-virus treatment.

Autophagy and liver cancer

Hepatocellular carcinoma (HCC) is currently the fifth
malignant cancer, and the third cause for cancer death. An
interesting phenomenon was found in the study of liver
cancer: cell autophagy seems to exert opposite effects on
liver cancer. On the one hand, many studies have shown
that autophagy, as one self-protective mechanism of cells,
can inhibit the occurrence of liver cancer. For example,
Takamura et al** successfully created a primary liver cancer
model by knocking out autophagy related gene (Atg5) in
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rats. On the other hand, a large number of studies have
proven that autophagy can increase the survival rate of
HCC cells in the given circumstances. For example, faced
with the environment of hypoxia and energy deficiency,
liver cancer cells can obtain energy from the non-functional
organelles and proteins of autophagy. Therefore, the
function of autophagy on liver cancer is complex, and how
to deal with the suppressant and promotional function of
autophagy to liver cancer will provide a new way of
treatment for liver cancer.

CONCLUSIONS

In summary, autophagy plays different roles in
different liver diseases, participating in the formation of
hepatic fibrosis and aggravating fiberization by promoting
activation and proliferation of HSCs and inhibiting
apoptosis and aging of HSCs. Removing ROS and lipid
accumulation in the liver can be helpful for the treatment of
fatty liver. In viral hepatitis, autophagy can be activated by
the virus, which can promote the replication of DNA of the
autophagy can inhibit the
development of cancer while also keeping the hepatoma
cells alive. But at present, research on the relationship
between autophagy and liver diseases is still at an early
stage, and many issues need to be solved. In particular the
active mechanism of autophagy in liver diseases remains to
be explained, and a thorough study on it may provide new
directions for the treatment of liver diseases.

virus. In liver cancer,
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