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The role of autophagy in hepatic fibrosis
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Abstract: Hepatic fibrosis is a chronic liver injury process, and its continuous development can lead to cirrhosis,
hepatic failure and even hepatocellular carcinoma (HCC). Autophagy has attracted much attention because of its
controversial role in the course of hepatic fibrosis. In this review, we introduce the mechanism related to noncod-
ing RNAs and some of the signaling pathways that promote or inhibit fibrosis by affecting autophagy. Finally, we list
some targets related to autophagy that enable hepatic fibrosis therapy and forecast its prospect in hepatic fibrosis.
This review will provide new ideas in diagnosing and treating hepatic fibrosis, which will be helpful to reduce the

incidence of cirrhosis and its complications.
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The development of hepatic fibrosis

Hepatic fibrosis is a chronic liver injury process
with many causes, such as long-term alcohol-
ism, viral infection, obesity, and familial heredi-
tary diseases [1, 2]. Studies have shown that
various cells participate in the progression of
hepatic fibrosis, such as hepatocytes, cholan-
giocytes, bone marrow-derived cells, and es-
pecially hepatic stellate cells (HSCs) [3-5]. In
this pathological process, pro-inflammatory
and pro-fibrotic factors promote the activation
and proliferation of these cells into myofibro-
blasts. These myofibroblasts can produce ex-
cessive extracellular matrix (ECM) [6, 7] and
finally lead to the occurrence of hepatic fibro-
sis, and eventually cause liver cirrhosis, liver
failure and even HCC (Figure 1).

Previous studies have suggested that hepatic
fibrosis is a static process [8]. However, this
finding is contrary to that of Dawood, who
argues that hepatic fibrosis is a dynamic and
reversible process [6]. Subsequently, a study
analyzed the role of the retinoic acid signaling
pathway in regulating the fibrogenic capacity
of HSCs and found that the retinoic acid and
PPAR-y signaling pathways synergistically re-
verse hepatic fibrosis [9], suggesting that there
is a reversible repair process occurring in he-

patic fibrosis. Whether hepatic fibrosis is irre-
versible or reversible, it is the main pathologi-
cal process of the irreversible liver diseases,
such as cirrhosis and HCC. Thus, it is vital to
inhibit the emergence of hepatic fibrosis.

Hepatic fibrosis and autophagy

Previous investigations have shown that auto-
phagy plays an important role in the develop-
ment of hepatic fibrosis [10]. To date, the
role of autophagy in promoting or inhibiting
hepatic fibrosis is still controversial. It is
believed that, on the one hand, autophagy
could participate in the digestion of lipid drop-
lets and provide energy for the activation of
HSCs, which plays a direct impact on promo-
ting fibrosis; on the other hand, autophagy
could inhibit the emergence of hepatic fibro-
sis through anti-inflammatory effects [11]. An
increasing number of studies have suggested
that there is a complex relationship between
autophagy and hepatic fibrosis.

Autophagy promotes hepatic fibrosis

TGF-B1 is considered to be an essential factor
in promoting HSC activation [12]. Ye et al. [13]
showed that the expression of the autophagy-
related protein LC3Il/I was increased in HSCs
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Figure 1. The development of hepatic fibrosis. The pro-inflammatory and pro-fibrotic factors could activate many
of the different cell types, which include (A) the activation of quiescent HSCs, (B) the enhanced ability to acquiring
myofibroblast characteristics (endothelial-mesenchymal transition, EndMT) in hepatocytes, cholangiocytes and liver
sinusoidal endothelial cells, and (C) the differentiation of bone marrow-divided cells, which leads to these cells pro-
liferation into myofibroblasts, and finally the myofibroblasts secret a large quantity of ECM. This process promotes

the hepatic fibrosis.

after TGF-B1 treatment, which prompted HSC
activation to induce autophagy and ultimately
accelerate the process of hepatic fibrosis. In
addition, a research compared the degree of
hepatic fibrosis in mice with ATG5 deficiency
and found that the mice without ATG5 deficien-
cy had obvious hepatic fibrosis, which was not
observed in the mice with ATG5 deficiency [14].
Therefore, it is speculated that autophagy can
promote the emergence of hepatic fibrosis,
while inhibiting autophagy may alleviate this
disease.

Noncoding RNAs participate in autophagy and
bromote hepatic fibrosis

The IncRNA/miRNA/autophagy related-gene
axis: Studies have shown that DNA methyl-
transferase 3A (DNMT3A) is involved in the
regulation of autophagy and contains binding
sites for miR-29b [15-17]. Xie et al. [18] found
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that the knockout of INcRNA-SNHG7, which is
highly expressed in HCC, downregulated the
expression of miR-29b and upregulated DN-
MT3A, which promoted HSC activation and
autophagy. This result suggested that the
INncRNA-SNHG7/miR-29b/DNMT3A axis was in-
volved in autophagy-induced hepatic fibrosis.
Previous studies found that endothelial cells
also had the ability to acquire myofibroblast
characteristics (endothelial-mesenchymal tran-
sition, EndMT), which further promoted the
occurrence of fibrosis [19]. Studies found that
the downregulation of IncRNA-Tugl1, which has
high expression in hepatic fibrosis, increased
the level of miR-142-3p and decreased the
autophagy gene ATG5, which weakened EndMT
and autophagy [20, 21]. This result indicated
that the IncRNA-Tugl/miR-142-3p/ATG5 axis
is involved in autophagy-induced hepatic fibro-
sis. According to the previous research, the lev-
els of IncRNA-NEAT1 and the autophagy gene
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ATG9a were increased, but miR-29b was de-
creased in IGFBPrP1-induced hepatic fibrosis
[22]. Moreover, INcRNA-NEAT1 also increased
HSC autophagy. These results indicate that the
INcRNA-NEAT1/miR-29b/ATG9a regulatory axis
is involved in IGFBPrP1-induced HSC autopha-
gy and activation. Studies have indicated that
INcRNA-XIST is highly expressed in HCC [23].
High-mobility group box-1 (HMGB1) was discov-
ered to induce autophagy [24]. And another
research found that the activation of the Inc-
RNA-XIST/miR-29b/HMGB1 axis promoted al-
coholic liver fibrosis (ALF) injury and autophagy
in the ALF mouse model [25].

MiRNAs/autophagy related-gene axis: MiR-29a
is reduced in patients with liver cirrhosis [26].
A study found that overexpressed miR-29a is
able to alleviate autophagy by lessening the
levels of LC3BIl and p-ULK, which leads to
reduced liver damage and fibrosis in BDL mice
[27]. MiR-30a is an important regulator in fib-
rosis and is downregulated in NASH [28-30].
There is research pointing out that the overex-
pression of miR-30a suppresses autophagy by
inhibiting Beclinl directly in TGF-Bl-induced
activated HSCs, which leads to the restraint
of HSC proliferation and remits the extent of
fibrosis [31]. In addition, guanine nucleotide-
binding a-subunit (Ga) proteins promote G
protein-coupled receptor (GPCR) activation,
and the activation of autophagic processes
requires many ligands of GPCRs that interact
with Gal2 [32, 33]. The overexpression of
Gal2 activated HSCs and promoted ATG12-5
conjugation, which accelerated autophagy, but
this effect was reversed by upregulating miR-
16 in HSCs [34]. A previous study showed that
miR-223 participated in various types of liver
diseases, and the autophagy gene ATG7 is the
direct target of miR-223 [35]. In particular,
Wang et al. [36] found that exosomes derived
from natural killer (NK) cells (NK-Exos) with
high miR-223 expression inhibited the activa-
tion of HSCs and restrained autophagy by
decreasing the level of ATG7.

In conclusion, the expression of these non-
coding RNAs is changed in unhealthy livers.
Further, noncoding RNAs have the ability to
affect the level of autophagy and promote the
degree of fibrosis by the IncRNA/miRNA/au-
tophagy-related gene axis or miRNA/autopha-
gy-related gene axis. The discovery of these
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noncoding RNAs provides more targets in diag-
nosing and treating hepatic fibrosis. Interest-
ingly, we found that noncoding RNAs from exo-
somes mitigate fibrosis, which seems to pro-
vide a new method for clinical drug delivery in
the treatment of hepatic fibrosis (Figure 2).

Signaling pathways participate in autophagy-
induced hepatic fibrosis

The TGF-B1/Smad signaling pathway: TGF-B1
is a key factor in inflammation, and TGF-B1/
Smad signaling is a major pathway for fibrosis
[12, 37, 38]. GNS561, an antifibrotic drug,
inhibited LX-2 cell autophagy by destroying
lysosomal function, and the phosphorylation of
Smad2 (p-smad2) and Smad3 was reduced
[39]. Another investigation [40] found that
levo-tetrahydropalmatine (L-THP) reduced the
formation of ECM and the autophagy biomark-
er levels of LC3 and Beclinl by downregulating
the TGF-B1/Smad pathway in CCl4-induced
hepatic fibrosis mouse models. Another study
discovered that isorhamnetin decreased the
deposition of collagen and the expression of
Beclinl in bile duct ligation (BDL)-induced
hepatic fibrosis mouse models by inhibiting
massive macrophage recruitment and down-
regulating the TGF-B1/Smad signaling path-
way [41]. Based on these studies, we conclude
that inhibition of the TGF-B1/Smad signaling
pathway can inhibit autophagy and ameliorate
liver fibrosis.

The NF-kB signaling pathway: The NF-kB signal-
ing pathway is widely regarded to participate in
inflammation, and there is research indicating
that the NF-kB signaling pathway is involved in
the regulation of autophagy to reduce inflam-
mation in the lung [42, 43]. However, studies
on the role of NF-kB in mediating autophagy to
regulate hepatic fibrosis are limited. 3-Methy-
ladenine (3-MA) is an autophagy inhibitor that
inhibits NF-kB translocation into the nucleus,
decreasing the infiltration of inflammatory cells
and the deposition of collagen in CCl4-induced
hepatic fibrosis models, which ameliorates he-
patic fibrosis [44]. Ghrelin is discovered to sup-
press the level of LC3 and maintain the balance
between matrix metalloproteinases-2 (MMP2)
and tissue inhibitor of matrix metalloproteinas-
es (TIMP1) in HSCs by decreasing the expres-
sion of NF-kB, which attenuates hepatic fibrosis
[45]. Astaxanthin is an anti-inflammatory medi-
cine and is found to inhibit autophagy by down-
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Figure 2. Non-coding RNAs and signaling pathways participate in autophagy-induced hepatic fibrosis. The expres-
sion of these non-coding RNAs and signaling pathways are altered in different liver diseases, and they could lead
to the autophagy-related genes changed and promote the activation of HSCs or EndMT, which could induce hepatic
fibrosis. The pathway marked in purple is LncRNA-SNHG7/miR-29b/DNMT3A, and the pathway marked in green is

LncRNA-XIST/miR-29b/HMGB1.

regulating the expression and translation of
NF-kB, which restrains the provision of energy
for HSCs, playing a protective effect against
hepatic fibrosis [46]. According to these stud-
ies, we conclude that downregulation of the
NF-kB signaling pathway can inhibit autophagy
and alleviate liver fibrosis.

The PISK/AKT/mTOR signaling pathway: The
PIBK/AKT signaling pathway is associated with
various inflammatory diseases [47-49]. As a
downstream signaling molecule of this path-
way, mammalian target of rapamycin (MTOR)
directly and negatively regulates cell autophagy
[50]. A growing number of scholars are devoted
to exploring the role of PIBK/AKT/mTOR signal-
ing in the relationship between autophagy and
hepatic fibrosis. Ginsenoside Rg3 (G-Rg3) re-
duces the level of p62 and the conversion from
LC3a to LC3b in inflammatory inducer lipopoly-
saccharide (LPS)-induced HSC-T6 cells by en-
hancing the phosphorylation of PI3K and AKT,
which promotes regression from hepatic fibro-
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sis through inhibiting the survival of activated
HSC-T6 [51]. Quercetin is an anti-inflammatory
drug that can inhibit the number of autophago-
somes in CCl4-induced hepatic fibrosis mouse
models by activating the PI3K/AKT/mTOR sig-
naling pathway, decreasing the formation of
ECM, and preventing hepatic fibrosis [52].
Insulin-like growth factor binding protein-relat-
ed protein 1 (IGFBPrP1) is a new profibrotic fac-
tor that interacts with TGF-B41, and it increased
the expression of LC3B and Beclinl in HSCs by
downregulating the PISK/AKT/mTOR signaling
pathway [53]. As we have described, the en-
hancement of the PISBK/AKT/mTOR signaling
pathway can inhibit cell autophagy, protect the
liver and ameliorate liver fibrosis.

The Hedgehog signaling pathway: The Hedge-
hog (Hh) signaling pathway is reported to be
involved in the activation of HSCs in nonalco-
holic fatty liver disease (NAFLD) [54]. There is
crosstalk between Hh and mTORC1, which indi-
cates that the Hh signaling pathway is associ-
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ated with cell autophagy [55]. Tao et al. [56]
proposed that because of autophagy, dead
hepatocytes can release a large number of Hh
ligands, and those ligands bind to the relevant
receptors on HSCs, ultimately activating the
Hh signaling pathway and HSCs, leading to the
development of hepatic fibrosis. This shows
that the inhibition of the Hh signaling pathway
could be a new target in the treatment of he-
patic fibrosis; however, the study of the Hh sig-
naling pathway in autophagy and hepatic fibro-
sis is limited.

We found that the aforementioned pathways
mostly involve inflammation, and the activation
of these pathways is able to enhance cell au-
tophagy, thus inducing hepatic fibrosis. How-
ever, the role of the PI3K/AKT/mTOR signaling
pathway is different from the others we intro-
duced. This suggests that we could reduce the
inflammatory response and inhibit autophagy
by regulating these signaling pathways, which
could be helpful in relieving hepatic fibrosis
(Figure 2).

Autophagy inhibits hepatic fibrosis

Although many investigations have shown that
autophagy promotes the development of he-
patic fibrosis, some studies have pointed out
that it could also inhibit hepatic fibrosis. Auto-
phagic flux was used to measure the level of
autophagy. An investigation observed the rela-
tionship of oroxylin A with hepatic fibrosis, and
it was found that this drug increased autopha-
gic flux, inhibited ECM deposition in HSCs, and
alleviated hepatic fibrosis in rats induced by
CCl4 [57]. In addition, increased autophagic
flux could reduce the IL-1 secreted by Kupffer
cells and further inhibited the activation of
HSCs [58]. Thus, it is likely that autophagy
also participates in the inhibition of hepatic
fibrosis.

Noncoding RNA participates in autophagy-
inhibited hepatic fibrosis

Contrary to the noncoding RNA that we de-
scribed above, there are others involved in
autophagy-inhibited hepatic fibrosis.

MiR-125a expression is higher in patients with
liver cirrhosis than in those with fibrosis [59,
60]. As its target, vitamin D receptor (VDR)
has been proven to bind with its ligand 1, 25-
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(OH),D, and adjust autophagy by accommodat-
ing Beclinl expression [61]. He et al. [62] ob-
served that the silencing of miR-125a decrea-
sed a-SMA by restoring the level of VDR and
autophagic flux in CCl,-induced fibrotic mice.
Deficiency of phosphatase and tensin homolog
(PTEN) aggravates oxidative damage in hepatic
fibrosis by increasing p62, which indicates that
PTEN is associated with autophagy [63]. In
addition, miR-20a is boosted in hepatic fibrosis
and has a binding site for PTEN [64, 65]. A
research observed that decreased miR-20a
increases the expression of PTEN and pro-
motes the levels of Beclinl and ATG7, which
reduces the levels of AST, ALT and collagen in
hepatic fibrosis mice [66]. Furthermore, exo-
somes from adipose-derived mesenchymal
stem cells (ADSCs) with high expression of
miR-181-5P have been found to downregulate
the levels of collagen I, vimentin, a-SMA and
fibronectin in the liver by enhancing HSC-T6
cell autophagy [67].

In conclusion, we summarized numerous non-
coding RNAs that are related to autophagy-
inhibited hepatic fibrosis. Similarly, they have
an abnormal change in the liver with fibrosis
and target these noncoding RNAs by reversing
their aberrant expression in the liver might
accelerate autophagy and cure hepatic fibrosis
(Figure 3).

Signaling pathways participate in autophagy-
inhibited hepatic fibrosis

The ROS signaling pathways: Because ROS are
important signaling molecules that regulate
metabolism and inflammation, several studies
have suggested that ROS participate in many
kinds of inflammation [68-71]. Furthermore,
ROS are connected with the early stage of au-
tophagy [72]. There is evidence indicating that
dihydroartemisinin (DHA) induces the cellular
microenvironment with high ROS, enhances the
phosphorylation of JNK1/2, which is the down-
stream target of ROS, increases autophagic
flux in activated HSCs, decreases the secretion
of inflammatory factors in the cellular superna-
tant, such as IL.-4 and IL-6, and further inhibits
inflammation-induced activation of HSCs [73].
However, in LO2 human hepatocytes, glycoche-
nodeoxycholic acid (GCDCA) promoted fibrosis
by increasing ROS and inhibiting autophagic
flux, which indicates that the low level of ROS
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Figure 3. The non-coding RNAs and signaling pathways participate in autophagy-inhibited activation of HSCs. Re-
versing the expression of no-ncoding RNAs which are altered in different liver diseases or enhancing ROS could
promote autophagy and inhibit the activation of HSCs, which could alleviate hepatic fibrosis.

in LO2 human hepatocytes relieves hepatic
fibrosis by increasing autophagy [74]. It is in-
teresting that the role of autophagy in hepatic
fibrosis is related not only to ROS concentration
but also to cell type (Figures 3 and 4).

The PIBK/AKT/mTOR signaling pathway: More-
over, there is other evidence confirming that
the PIBK/AKT/mMTOR signaling pathway partici-
pates in autophagy-inhibited fibrosis. Kong et
al. [75] revealed that curcumin increased
autophagic vacuoles in hepatocytes by down-
regulating the PI3BK/AKT/mTOR signaling path-
way, which led to the inhibition of the EndMT in
hepatocytes and alleviation of hepatic fibrosis.
Another investigation substantiated that the
strengthening of hepatocellular autophagy was
able to reduce the level of AST in fibrotic mice
by inhibiting the PI3BK/AKT/mTOR signaling pa-
thway [66]. Unlike studies showing that the
PI3BK/AKT/mTOR signaling pathway mediates
autophagy and promotes the activation of
HSCs, this pathway may remit fibrosis by regu-
lating autophagy in hepatocytes (Figure 4).

Targets in hepatic fibrosis therapy

At present, there is no effective treatment for
hepatic fibrosis, but autophagy can be a new
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target. According to previous studies, we can
identify some targets related to autophagy in
hepatic fibrosis therapy.

Targets in noncoding RNAs

Many noncoding RNAs related to autophagy
could be targets in the treatment of hepatic
fibrosis.

Downregulation of the IncRNA/miRNA/auto-
phagy-related gene axis, such as the IncRNA-
SNHG7/miR-29b/DNMT3A axis, IncRNA-Tugl/
miR-142-3p/ATG5 axis, INCRNA-NEAT1/miR-
29b/ATG9a axis, and IncRNA-XIST/miR-29b/
HMGB1 axis, and upregulation of the miR-
30a/Beclinl axis, miR-16/Ga12, and miR-
29a/LC3B are capable of relieving hepatic
fibrosis by inhibiting autophagy. The overex-
pressed miR-223 derived from the exosomes
of NK cells also has the ability to treat hepatic
fibrosis by inhibiting HSC autophagy.

Moreover, the downregulation of the miR-
125a/VDR axis and miR-20a/PTNE axis could
play a role in remitting hepatic fibrosis by pro-
moting autophagy. However, the high expres-
sion of miR-181-5P in adipose-derived mesen-
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chymal stem cell exosomes could suppress
hepatic fibrosis by enhancing autophagy.

Targets in pathways

We found that the downregulation of the TGF-
B1/Smad signaling pathway, NF-kB signaling
pathway and Hedgehog signaling pathway can
reduce liver inflammation, inhibit HSC auto-
phagy and further improve hepatic fibrosis. On
the basis of the distinction in cell types, we
have also discovered that the inhibition of au-
tophagy by upregulating the PI3K/AKT/mTOR
signaling pathway is able to restrain the activa-
tion of HSCs, but the suppression of this path-
way in hepatocytes could inhibit the EndMT or
inflammation by enhancing autophagy. In addi-
tion, accelerating the ROS pathway in HSCs
could facilitate autophagy and relieve hepatic
fibrosis, which is contrary to the ROS pathway
in LO2 cells.

Expectations
Approximately 2,000,000 people die from liver

disease each year worldwide, of which 1 million
die from cirrhosis and its complications [1]. As
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the early stage of liver cirrhosis, hepatic fibro-
sis is reversible. Therefore, inhibiting hepatic
fibrosis has become a way to prevent serious
liver disease. However, many investigations
indicate that there is a compact relationship
between autophagy and hepatic fibrosis, which
indicates that autophagy could be a target in
curing hepatic fibrosis.

From the aforementioned studies, we found
that autophagy plays contradictory roles in the
progression of hepatic fibrosis, and it is gener-
ally recognized that autophagy not only pro-
motes fibrosis by digesting lipids and providing
energy for the activation of HSCs but also in-
hibits fibrosis by resisting inflammation. Furth-
ermore, we found that the activation of some
inflammatory pathways, such as the TGF-B1/
Smad and NF-kB signaling pathways, increa-
ses the partial inflammatory response, acti-
vates autophagy, induces the aggravation of
liver injury and promotes the occurrence of
hepatic fibrosis. However, there are few in-
vestigations on signaling pathways related to
autophagy inhibiting fibrosis, but these path-
ways may still be related to inflammation. ROS

Am J Transl Res 2021;13(6):5747-5757
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are closely related to inflammation, and auto-
phagy plays an antifibrotic role in HSCs with
high ROS, whereas it plays an antifibrotic
effect in LO2 cells with low ROS. Interestingly,
the inhibition of the PI3K/AKT/mTOR signaling
pathway could activate HSC autophagy and
accelerate hepatic fibrosis, yet this pathway
also has the ability to facilitate hepatocyte
autophagy, reduce the levels of serum AST
and ALT, alleviate the degree of liver injury or
the EndMT, and ease fibrosis. This suggests
that the dual role of autophagy in hepatic fibro-
sis is not only associated with different signal-
ing pathways but also depends on the type of
effector cells.

Moreover, various liver diseases contribute
to abnormal changes in different noncoding
RNAs, and these noncoding RNAs could re-
gulate the expression of autophagy-related
genes directly, alter the level of cell autophagy,
and subsequently affect the progression of
hepatic fibrosis, especially the noncoding
RNAs in exosomes. Exosomes secreted from
cells are membranous structures that contain
the specific proteins and RNAs from parent
cells and transmit intercellular information
[40]. In the latest investigations, exosomes
have been found to be involved in adjusting
the process of hepatic fibrosis. Because exo-
somes are a part of the human body itself, it
will be a new mode of administration in antifi-
brosis, which could increase the bioavailability
of the drug.

Liver biopsy is the gold standard for the diag-
nosis of hepatic fibrosis, but it does not have
extensive application due to the invasiveness
and cost, and there is still a lack of effective
drugs to treat hepatic fibrosis, which creates a
serious challenge in diagnosing and curing
hepatic fibrosis. Although autophagy may have
two distinct effects on hepatic fibrosis, an in-
creasing number of studies indicate that auto-
phagy could be a new target in the diagnosis
and treatment of hepatic fibrosis, which will
improve grievous clinical problems in the liver.
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