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Autophagy is a critical intracellular pathway which maintains cellular function by lysosomal degradation of
damaged proteins and organelles besides elimination of invading pathogens. Its primary function is to prevent
cell death. Autophagy has diverse physiological functions namely; starvation adaptation, prevention of tumori-
genesis, energy homeostasis, intracellular quality control and degradation of abnormal intracellular protein
aggregates. Understanding the molecular mechanisms of autophagy has given key insights into the pathogenesis
of various diseases like Non Alcoholic Steato-Hepatitis, Hepatitis B and C infections, Alpha-1 antitrypsin defi-
ciency and hepatocellular carcinoma. Pharmacological modulation of autophagy may have a therapeutic
potential in management of these liver diseases. ( J CLIN EXP HEPATOL 2014;4:51–59)
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Ourobros or Urobros is an ancient symbol depicting a
serpent or a dragon eating its own tail, which sym-
bolizes cyclicality in the sense of something recre-

ating itself. In living organisms, cells and intracellular
organelles need to be constantly remodeled and renewed.
Autophagy is a term derived from Greek terminology for
self-eating and signifies the process of cellular self-
digestion in which cytoplasmic components are degraded
in lysosomes. Reminiscent of the serpent eating its own
tail in the symbol of Ourobros, the cells are able to survive
by using autophagy to remove damaged proteins and or-
ganelles, eliminate invading microbes and generate nutri-
ents during starvation.

After Metchnicoff, a Russian zoologist, first described
phagocytosis, the role of lysosomes and autophagy in de-
grading cytoplasmic components has been elucidated.1,2

The control of autophagy has been recently delineated
by identification of over 30 Autophagy-related (ATG)
genes.3

Autophagy functions to prevent rather than promote
cell death. Autophagy has effects of increased cytoprotec-
tion, decreased stem cell attrition, decreased oncogenic
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transformation, decreased dysfunctional mitochondria
and decrease in dysfunctional aggregate prone proteins.4

The role of mammalian target of Rapamycin (mTOR) com-
plex in the process of autophagy has been elucidated and
induction of autophagy by mTOR inhibition provided
an insight into the prospect for its modulation in health
and disease.5,6
MECHANISM OF AUTOPHAGY

In its simplest form, as in yeast, it represents the cells adap-
tation to starvation. However, if autophagy is unregulated,
it can be harmful. Hence, it needs to be tightly regulated to
maintain cell homeostasis.

Three types of autophagy are described, namely, macro-
autophagy, chaperone mediated autophagy and microau-
tophagy. In microautophagy, there is direct uptake of
cytoplasm or organelles at lysosomal surface by inavgina-
tion and protrusion of lysosomal membrane. Chaperone
mediated autophagy targets only a subset of proteins
that have a specific peptide motif, KFERQ and is mediated
by molecular chaperones like heat shock protein 70 which
recognize and bind to the peptide motif of the substrate
protein.7,8 In macroautophagy (hereinafter referred to as
autophagy), isolated membranes (phagophores) engulf a
portion of the cytoplasm and some organelles resulting
in the formation of vacuoles surrounded by a double
membrane called autophagosomes. The phagosome
further fuses with the lysosome to form the
“autolysosome”. Degradation of material within follows
after fusion.

Multiple Atg proteins regulate autophagosome forma-
tion. Multiple Atg proteins have been identified, of which,
Atg 1–10, 12–14, 16 and 18 are called “core proteins” as
they are essential for autophagosome formation.9 These
core proteins along with other proteins have been divided
al and Experimental Hepatology | March 2014 | Vol. 4 | No. 1 | 51–59
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into four subgroups referred to as “core molecular mecha-
nisms”. They are (i) Uncoordinated 51-like kinase 1 (ULK1)
complex which controls induction of autophagy and is
negatively regulated by mTOR; (ii) Beclin 1-class III P13K
complex which controls nucleation of the autophagosome;
(iii) Two ubiquitin-like conjugation systems (Atg12-Atg5
system and LC3 system) which mediate the elongation
stage and; (iv) Atg9 retrieval process which involves
Atg18-Atg2 complex. Atg9 is postulated to contribute to
delivery of membranes required in autophagosome forma-
tion.10–18

The core machinery of autophagy comprises of four
steps. These are:

a) Induction: the process of autophagosome formation
starts with the dissociation of mTOR complex 1
(mTORC1) from ULK1 complex. Under nutrient rich
conditions, mTORC1 is attached with the ULK1 com-
plex. Autophagy is initiated during conditions of high
energy demand as in starvation when the mTORC1 dis-
sociates from the ULK1 complex.

b) Vesicle nucleation: during this step recruitment of
proteins and lipids for autophagosome formation oc-
curs. Beclin 1-class III P13K complex controls nucle-
ation of the autophagosome.

c) Vesicle expansion and completion: membranes
assemble at PAS directly from ER or by de-novo vesicu-
lar addition and then seal to form the autophagosome.
Two ubiquitin-like conjugation systems (Atg12-Atg5
system and LC3 system) mediate the elongation stage.

d) Autolysosome formation: the outer layer of the auto-
phagosomes fuses with the lysosomes (to form an auto-
Figure 1 The autophagy pathway and

52
lysosome) resulting in degradation of the sequestered
material.19,20

The autophagy pathway and the core autophagic ma-
chinery are depicted in Figure 1.
PHYSIOLOGICAL ROLE OF AUTOPHAGY

Autophagy and Apoptosis
Autophagy and apoptosis are important cellular functions
required for mitigation of cellular stress and help in pre-
vention of disease. Mostly, autophagy and apoptosis are in-
dependent processes. However, autophagy may also
modulate apoptosis in certain conditions of cellular stress.
Many cellular regulators of autophagy and apoptosis, like
Bcl-2 family, Atg5, Beclin1 and Atg4D are also common.21

Degradation of caspase-8 by autophagy inhibits cell death
by apoptosis, thus contributing to the role of autophagy in
regulation of apoptosis.22 Several Atg proteins have a role
in autophagy-independent apoptosis. Also, various
apoptosis-inducing factors may also have a role in regula-
tion of autophagy. This cross-talk between autophagy,
which is primarily a cell-survival mechanism, and
apoptosis, which is primarily a cell-death mechanism, is
complex. An understanding of these mechanisms and its
regulation may form the framework for using autophagy
modulation for therapeutic purpose in future.23

Starvation Adaptation
Autophagy also plays an important role in situations of

prolonged fasting. It ensures glucose supply prior to onset
the core autophagic machinery.

© 2014, INASL
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of gluconeogenesis by creation of gluconeogenic amino
acids. Thirty to forty percent of liver proteins are catabo-
lized within 48 h of fasting to provide the body with amino
acids.24 Experimental Atg7 deficient mice do not exhibit
either the decrease in liver proteins or the increase in amino
acids on fasting.25 Free fatty acids are required for energy
production by b oxidation during periods of starvation.
Autophagy supplies it by releasing free fatty acids from
liver and accumulating it in various cells as lipid droplets
in combination with triglycerides. These lipid droplets
are again broken down to provide the substrate for b oxida-
tion.26

Tissue Homeostasis and Renovation
Basal levels of autophagy help in recycling tissue com-

ponents and organelles to prevent accumulation of
damaged products in cells which may result in cell death
or disease. Approximately 1–5% of cellular proteins are re-
cycled in the liver by autophagy every hour.27 Atg7 defi-
cient mice show swollen and deformed mitochondria in
liver cells and appearance of concentric membranous
structures comprised of endoplasmic reticulum (ER).
They also show increased number of lipid droplets, perox-
isomes and protein aggregates. This can lead to severe he-
patomegaly and hepatitis.28 The removal of harmful
cellular aggregates by inducing autophagy has been tested
in experimental models of a1 antitrypsin deficiency.29

Prevention of Tumorigenesis
Although cancer is primarily due to unregulated cell divi-

sion, its prevention by autophagy, which is primarily a pro-
cess for cell survival, may seem paradoxical. Metabolic
stressusually leads to cell deathby apoptosis. If the cell death
by apoptosis does not occur, necrosis takes over for clearing
damaged cells. This leads to increased tissue inflammation
and may increase tumor formation and growth. Autophagy
ameliorates this process by clearing the cells not cleared by
apoptosis and preventing necrosis. It also prevents disor-
dered cell growth during periods of metabolic stress, thus
preventing tumorigenesis.30,31

The mTOR is an important signaling pathway for
maintaining cell homeostasis. It interacts with a variety
of environmental signals to affects various cellular pro-
cesses. It aggregates with various proteins to form two
distinct complexes called mTOR complex 1 (mTORC1)
and mTOR complex 2 (mTORC2).5 Loss of p53, a com-
mon tumor suppressor gene, is common to many cancers.
This leads to mTORC1 activation as the upstream
pathway in pathogenesis.32 It has been demonstrated
that constant activation of mTORC1 leads to reduced
autophagy and may contribute to increased tumorigen-
esis. In experimental models, knockout models of various
proteins required for autophagy demonstrated increased
cancers, including spontaneous hepatocellular carci-
noma.32–35
Journal of Clinical and Experimental Hepatology | March 2014 | Vol. 4 | No
Aging and Longevity

Autophagy is primarily a cytoprotective process. It me-
diates this process in various organ systems and can pro-
tect against the effects of aging. Inhibition of Insulin like
growth factor pathway in Caenorhabditis elegans increases
autophagy and may contribute to longevity.36–39 Calorie
restriction is a key anti-aging intervention inmost animals.
It has also been found to be a physiological inducer of
autophagy, thus further underlining the role of autophagy
in prolonging longevity.31,40 Autophagy balances the
excess necrotic or apoptotic cell death in actively dividing
cells. This is possibly related to release of Bcl-2 from
Beclin1 thus blocking apoptosis.41 Many oncogenes
modulate their effects by suppression of autophagy. Also,
by improving the cell quality control, autophagy can sup-
press de-novo oncogenesis.42,43 It also improves innate
immunity and decreases the inflammatory response, thus
exerting anti-aging affect independent of its effect on
cells.44

Increased liver injury is seen in aged mice compared to
younger mice. This increased injury is likely to be due to
increased apoptosis as evidenced by increased caspase-3 ac-
tivity.45 Besides the beneficial effects of calorie restriction
on the aging process, resveratrol has also been shown to
be effective in experimental models.4 However further
studies are required to see whether resveratrol or other
pharmacological measures to increase autophagy result
in improved liver functions.

Autophagy in Maintenance of Homeostasis in
Liver and Hepatic Energy Metabolism

Basal rates of autophagy are essential inmaintaining he-
patocyte homeostasis. It acts mainly by clearing misfolded
proteins, protein aggregates and removing damaged mito-
chondria.20 This is amply demonstrated in a1 Antitrypsin
deficiency where accumulation of mutant proteins in the
ER form intra-hepatic inclusions.

Experimental Atg7 deficient mouse livers show accumu-
lation of misfolded proteins, deformed mitochondria and
lipid droplets. It leads to marked hepatomegaly, hepatitis
and de-novo tuomurigenesis.28

Selective degradation of intracellular organelles like the
mitochondria, ER and the Golgi apparatus are also impor-
tant functions of basal autophagy to maintain normal
turnover and function of these organelles. They are also
referred to as mito-phagy and ER-phagy. Any disruption
can lead to damaged and dysfunctional organelles.46

Starvation is the most important inducer of autophagy.
It plays a crucial role in protein catabolism in the liver. In
wild type mice, 25–40% of liver protein is mobilized as
amino acids within 48 h of starvation. It is mainly derived
from cytosolic proteins.47 Atg7 deficient mice do not
exhibit these levels of protein loss and consequent amino
acid levels increase. They also demonstrate hypoglycemia
. 1 | 51–59 53
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in contrast to wild type mice, suggesting a role for auto-
phagy in gluconeogenesis.48

Autophagy is an ATP dependent process. During pe-
riods of nutrient deficiency, autophagy is promoted by
AMPK by inhibiting suppressive effect of mTORC1 or
directly via activating ULK1.49 In the newborn also, provi-
sion of glucose by glycogen degradation is an important
role of autophagy until provision of nutrients by milk
takes place.50

AUTOPHAGYMODULATION IN THERAPY FOR
LIVER DISEASES

Targeting Autophagy in Non Alcoholic Steato-
Hepatitis (NASH)
Excessive liver lipid deposition in form of triglycerides
stored in vesicles and abnormal lipid metabolism charac-
terize NASH. Liver injury progresses by effect of oxidant
stress and cytokines as cofactors.

Similar to the degradation of cytoplasmic proteins and
organelles, autophagy has also been found to be involved
in selective degradation of these lipid droplets. This has
also been termed as Lipophagy.51 Liver triglyceride (TG)
content is increased in Atg7 deficient mice, suggesting
an important role of autophagy in its regulation.52 Inhi-
bition of autophagy by pharmacological inhibition of
Atg5 in cultured hepatocytes show an abnormal increase
in cellular TG content on challenge with a lipid load.
Experimental mice with obesity and consequently
increased hepatocyte lipid content demonstrated a
decrease in indicators of autophagy. Restoration of Atg7
expression in these obese mice has been shown to be
beneficial by reduction in ER stress, decreased serum in-
sulin levels, improved glucose tolerance and decreased
liver TG content.53

Insulin resistance is strongly associated with develop-
ment of NASH. Decreased levels of basal autophagy have
also been linked to hyperinsulinemia and insulin resis-
tance. High fatty diet fed mice showed decreased levels of
autophagy in liver evidenced by decreased levels of p62, a
protein degraded by macro-autophagy, and decreased
levels of Atg5 and Atg7.54

NASH is also characterized by hepatic inflammation
and fibrosis. This is partly mediated by oxidative stress
and cytokines. Autophagy regulates TNF and oxidative
stress associated cell death and may modulate progression
of liver disease in NASH as well.55 Damaged mitochondria
have been found to accumulate in the hepatocytes in
NASH and a possible defect in mitophagy may contribute
to progression of liver damage.56

Autophagy has also been postulated to be involved in
activation of hepatic stellate cells (HSC) with consequent
deposition of extracellular matrix and liver fibrosis. The
postulated mechanisms include its effect on HSC fat stores
in fromof vitaminAor adirect effect on its differentiation.57
54
The mTOR complex is involved with regulating auto-
phagy and is also essential for the regulation of lipid
biosynthesis. The mTOR suppression has two beneficial ef-
fects in NASH. Firstly, it induces autophagy resulting in
lipophagy. Secondly, mTOR positively regulates sterol reg-
ulatory element-binding proteins (STEBPs). Suppression
of mTOR results in suppression of DREBPs mediated lipo-
genesis. Suppression of mTOR by TORIN-1 causes
dephosphorylation of Lipin 1, which promotes its nuclear
localization. This results in decreased SREBP-1-mediated
lipogenesis by reducing the abundance of nuclear
SREBP-1 protein.58

Since there is no definitive pharmacological treatment
of NASH, development of an effective treatment by target-
ing autophagy would be a significant development. In-
crease in liver autophagy can be used as a potential
therapeutic target in treatment of NASH. The potential
beneficial effects are:

i) Decreased triglyceride and cholesterol levels in hepato-
cytes

ii) Improved insulin homeostasis
iii) Decreased cellular oxidative stress
iv) Decreased TNF mediated liver injury
v) Better turnover of damaged ER andmitochondria in he-

patocytes
vi) Decreased chances of malignancy.59

Targeting Autophagy in Alcoholic Liver Disease
Excess alcohol consumption can lead to a spectrum of

liver injuries including steatosis, fibrosis and development
of cirrhosis. There are various direct and indirect evidences
to suggest that autophagy is suppressed in alcoholic liver
disease. There is increased protein accumulation and
decreased clearance from the hepatocytes.60 Mallory–
Denk bodies are intracellular inclusions found in alcoholic
liver disease. These are protein aggregates and autophagy
participates in its elimination. In experimental mice with
loss of autophagy functions, similar inclusions are formed
in the hepatocytes.61 Ethanol feeding diminishes the pro-
teolytic capacity of liver lysosomes.62 The postulatedmech-
anism of decreased autophagy levels in alcohol abuse may
be due to decreased adenosine monophosphate-activated
protein linase (AMPk) activity with consequent decrease
in autophagy via the mTOR pathway and altered intracel-
lular vesicle transport due to altered functions of microtu-
bules and microfilaments.63 The mTOR inhibitors may be
beneficial in alcoholic liver disease by inducing apoptosis,
improving the clearance of proteins from the hepatocytes
as well as suppressing lipogenesis.

Targeting Autophagy in Alfa-1 Antitrypsin
Deficiency

This is a genetic disease characterized by accumulation
of a mutant protein within the endoplasmic reticulum of
© 2014, INASL
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the hepatocytes. The alfa-1 antitrypsin (AT) protein is syn-
thesized in hepatocytes and secreted into the blood where
it acts as an inhibitor for neutrophil proteases. A mutation
in the AT gene results in accumulation of the AT protein in
the endoplasmic reticulum. This mutant protein cannot be
degraded by the proteasome, which is the normal pathway
for degradation of wild type protein. Autophagy forms an
important pathway for mobilization of misfolded mutant
protein aggregates.64 Although the exact mechanism of
liver injury in alpha 1 AT deficiency is unknown, increase
in autophagy induction by carbamazepine has been tested
to mobilize the protein aggregates and decrease hepatic
fibrosis. Carbamazepine has been shown to reduce these
inclusions in mouse models by induction of autophagy
along with reduced liver injury and fibrosis.29 Carbamaze-
pine induces autophagy through a mTOR independent
pathway as Rapamaycin has no effect on mutant AT pro-
tein aggregate degradation. There are other mTOR inde-
pendent autophagy inducers including lithium, sodium
valproate, verapamil, loperamide, amiodarone, nimodipine
and nitrendipine but their role in AT-deficiency induced
liver injury needs to be defined.51

A rare inherited disease, fibrinogen storage disease, is
characterised by hypofibrinogenemia and accumulation
of fibrinogen aggregates in the hepatocytes. This is similar
to alpha 1 AT deficiency and stimulation of autophagy by
carbamazepine has been shown to help in clearing
abnormal protein aggregates, prevent further deposition
of abnormal protein and retard fibrosis progression.65
A
u
t

Targeting Autophagy in Infective Diseases:
Hepatitis B virus (HBV) and Hepatitis C virus
(HCV) infection

Autophagy is emerging as an important component in
the antimicrobial defense against diverse infections. How-
ever, the microbes have also evolved mechanism to evade
and exploit autophagy and both HBV and HCV have
adapted to use autophagy for their own survival.66

HCV utilizes various autophagy components for its own
replication.67 Studies have shown that there is an accumu-
lation of autophagic vacuoles in HCV-infected hepatocytes;
however this autophagy is inefficient as the autophago-
somes are not able to increase autophagic protein degrada-
tion. The strategies used by HCV to evade and take
advantage of autophagy for its replication are: (i) HCV
avoids recognition by the autophagic process with rare or
no co-localization of HCV proteins in autophagic vacu-
oles68–70; (ii) HCV prevents maturation of
autophagosomes into autolysosomes68,69; and (iii) HCV
utilizes components of autophagy to enhance intracellular
replication. The autophagy proteins are likely to be
proviral factors for the initial steps of HCV replication.67–69

The autophagy machinery is also subverted in HBV. The
autophagosomes are also induced in HBV; but, unlike
Journal of Clinical and Experimental Hepatology | March 2014 | Vol. 4 | No
HCV, the late autophagic vacuoles are detectable in hepa-
tocytes. However, there is increase in protein degradation
in HBV infected cells.71 In HBV infection, the HBV-
encoding protein, HBx, plays a crucial role in subverting
the autophagy functions in infected cells. Autophagy en-
hances viral replication at most steps of HBV replication.72

Since autophagy promotes the replication of both HBV
and HCV, it is possible that pharmacological suppression
of autophagy may suppress viral replication.

Targeting Autophagy in Liver Fibrosis
Hepatic fibrosis is the final outcome of liver injury due

to diverse etiologies and can progress to cirrhosis and he-
patocellular carcinoma (HCC). Liver fibrosis is caused by
activatedmyofibroblasts whichmay be derived from activa-
tion of quiescent hepatic stellate cells; bone marrow-
derived fibrocytes or circulating mesenchymal cells; or
transition of other cells like hepatocytes, cholangiocytes
and endothelial cells to mesenchymal cells to become my-
ofibroblasts. Activated hepatic stellate cells produce extra-
cellular matrix and collagen resulting in fibrosis and
scarring.

Induction of autophagy in hepatic stellate cell may pro-
mote its activation and proliferation.73 However, there is
conflicting data on the role of autophagy in hepatic
fibrosis and further studies are required before autophagy
can be targeted as a therapeutic approach to treat hepatic
fibrosis.49

Targeting Autophagy in Hepatocellular
Carcinoma (HCC)

The role of autophagy in HCC has been relatively well
documented. It is mainly a tumor suppressor process. The
possible mechanisms have been demonstrated in various
in-vitro, animal and human studies. Beclin 1 forms a com-
plex which promotes membrane nucleation during auto-
phagy. While homozygous Beclin1 knockout mice do not
survive, heterozygous Beclin1 knockout mice survive. An
increased frequency of spontaneous tumors including liver
tumors have been detected in these heterozygous Beclin1
knockoutmice.74 The tumor-suppressing role of autophagy
inHCChas been shown by demonstrating thatmost aggres-
sive malignant HCC cell lines and HCC tissues with recur-
rent disease display much lower autophagic levels than less
aggressive cell lines or tissues. HCC cell lines have consis-
tently demonstrated a decreased expression of several genes
required for autophagy like ATG5, ATG7 and BECLIN1.
Their expression was however normal in adjacent tissue
from same patient, thus prompting to their role in carcino-
genesis. The expression of Beclin1 has also been correlated
with disease free survival after curative resection.75 Rapamy-
cin a known inducer of autophagy has been associated with
better survival in patients with HCC who underwent liver
transplantation.
. 1 | 51–59 55



AUTOPHAGY MODULATION IN LIVER DISEASES PURI AND CHANDRA

A
u
to

p
h
a
g
y
M
o
d
u
la
tio

n

Autophagy shows a “double face” in HCC. While auto-
phagy helps to prevent tumorigenesis, it is also used by the
cancer cells for survival against apoptosis by traditional
chemotherapeutic drugs. Its inhibition may also restore
the cancer cell sensitivity to chemotherapy.76

Metastasis is a major cause of death due to hepatocellu-
lar carcinoma. Tumor cells may use autophagy to survive
in a poor nutrient environment and this may promote
colonization in distant organs. Experimental studies have
confirmed the upregulation of autophagy in HCC metas-
tasis. Modulation of autophagy may have a role in prevent-
ing tumor metastasis and survival.77

The modulation of autophagy has been proposed as a
novel therapeutic target for therapy of HCC.78 However,
since autophagy has a role in both cell survival and cell
death in HCC under different conditions, both autophagy
inducers as well as inhibitors have been tried as novel ther-
apeutic strategies. A variety of cancer therapeutic agents
have been used with inducers of autophagy for possible
enhanced cell death. Various agents used for inducing
autophagy are Rapamycin and its analogs, Tyrosine kinase
inhibitors like sorafenib, NPC-16 a novel agent and canna-
binoids and its agonists.79–81

Autophagy inhibitors have also been tried for their
possible role in potentiating the effect of chemothera-
peutic agents in treatment of cancer by abolishing the pro-
tective effect of autophagy on cell survival. Chloroquine
and Hydroxychloroquine have been used as autophagy in-
hibitors due to their action on suppression of lysosome
formation and its function.82 Chloroquine has been used
in combination with many chemotherapeutic agents and
Table 1 Role of Autophagy in Various Liver Diseases and the Age

Liver disease Hepatic autophagy
level

Role of autophag

Fatty liver
disease

Decreased Lipid degradation, insulin

Alcoholic liver
disease

Decreased Degradation of protein ag
and damaged organelles

Hepatocellular
carcinoma

Decreased Anti-tumor effect
in normal cells;
Autophagy is used by can
cells for survival against
apoptosis by traditional
chemotherapeutic drugs

HBV Infection Increased Autophagy subverted by v

HCV infection Increased Autophagy subverted by v

A1-AT deficiency – Autophagy clears the AT
protein aggregation

56
a large number of trials are ongoing on its effect on cancer
therapy alone or in various combinations.83

Targeting Autophagy in Acute Liver Injury
In acute liver injury, autophagy has a protective role and

autophagic cell death occurs in failure of adaptation. Cell
death in acute liver injury is mediated by TNF in many
cases. A recent study has demonstrated that pharmacolog-
ical induction of autophagy in an in-vivo model mediates
cellular resistance to TNF toxicity by blocking activation
of caspase-8 and thus preventing mitochondrial death.84

In experimental models of acetaminophen induced liver
injury, induction of autophagy by Rapamycin was found to
be protective and suppression of autophagy by chloro-
quine exacerbated liver injury. In this model, autophagy
was found to be acting mainly by removing the acetamin-
ophen damaged mitochondria.85

Targeting Autophagy in Liver Ischemia
Reperfusion and Liver Surgery

Liver ischemia and reperfusion injury occurs in many
conditions like shock, liver transplantation, liver resection
and liver trauma. Cellular damage due to hypoxia during
period of low blood flow is further accentuated by inflam-
matory mediators due to return of blood flow after reper-
fusion. Various mechanisms are being studied to
ameliorate the liver injury. Autophagy has been studied
in this context using mouse models with ischemia induced
by portal triad occlusion followed by reperfusion or no re-
perfusion. The results in various studies have been
nts Targeting Autophagy.

y Autophagy
modulation

Agents used
to target autophagy

signaling Autophagy inducers TORIN-1, Rapamycin

gregates Autophagy inducers TORIN-1, Rapamycin

cer

Autophagy inducers Rapamycin, Everolimus,
Bortezomib,
Sorafenib, NPC-16,

Autophagy inhibitors 3MA, Chloroquine,
SiRNA, MicroRNAs

irus Autophagy suppressor 3MA

Autophagy inducer Rapamycin

irus Autophagy suppressor 3MA, Chloroquine

Autophagy inducer Rapamycin

mTOR independent
increase in autophagy

Carbamazepine

© 2014, INASL
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contradictory.86,87 However, in studies of liver
transplantation with cold ischemia time of 24 h followed
by reperfusion, autophagy induction has been found to
decrease liver cell death.88

Targeting Autophagy in Drug Induced Liver
Disease

Since many drugs are metabolized in the liver, the liver
is consequently a major target of damage due to drugs.
Drug induced liver injury may result in drug discontinua-
tion and has the potential of acute liver failure. Acetamin-
ophen toxicity is a major cause of liver injury and can lead
to liver failure and death. Liver injury is mediated by mito-
chondrial dysfunction. In experimental animal models, in-
duction of autophagy has been shown to play a role in
protecting the liver against drug induced hepatotoxicity
by mitophagy and reducing oxidative stress.89 Pharmaco-
logical modification of autophagy may provide a novel
therapeutic approach in drug induced liver injury.
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CONCLUSION

The primary role of autophagy is in cell survival. However,
in certain conditions it can lead to autophagic cell death.
Viral persistence and multiplication in Hepatitis B and C
infection is mediated by the subversion of autophagy.
With the elucidation of the role of autophagy in multiple
facets of liver diseases, its modulation is likely to emerge
as a potential therapeutic target in emerging therapies.
The role of autophagy in various liver diseases and the
agents targeting autophagy are depicted in Table 1. How-
ever, much work needs to be done in understanding the
exact role of autophagy in diseases like HCC, measurement
of state of autophagy and development of drugs for modu-
lating autophagy before novel therapies targeting auto-
phagy become a reality in the near future.
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