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Abstract: Hepatic fibrosis (HF) is a pathological process of structural and functional impairment of the liver and is a key component
in the progression of chronic liver disease. There are no specific anti-hepatic fibrosis (anti-HF) drugs, and HF can only be improved or
prevented by alleviating the cause. Autophagy of hepatic stellate cells (HSCs) is closely related to the development of HF. In recent
years, traditional Chinese medicine (TCM) has achieved good therapeutic effects in the prevention and treatment of HF. Several active
ingredients from TCM (AITCM) can regulate autophagy in HSCs to exert anti-HF effects through different pathways, but relevant
reviews are lacking. This paper reviewed the research progress of AITCM regulating HSCs autophagy against HF, and also discussed
the relationship between HSCs autophagy and HF, pointing out the problems and limitations of the current study, in order to provide
references for the development of anti-HF drugs targeting HSCs autophagy in TCM. By reviewing the literature in PubMed, Web of
Science, Embase, CNKI and other databases, we found that the relationship between autophagy of HSCs and HF is currently
controversial. HSCs autophagy may promote HF by consuming lipid droplets (LDs) to provide energy for their activation.
However, in contrast, inducing autophagy in HSCs can exert the anti-HF effect by stimulating their apoptosis or senescence, reducing
type I collagen accumulation, inhibiting the extracellular vesicles release, degrading pro-fibrotic factors and other mechanisms. Some
AITCM inhibit HSCs autophagy to resist HF, with the most promising direction being to target LDs. While, others induce HSCs
autophagy to resist HF, with the most promising direction being to target HSCs apoptosis. Future research needs to focus on cell
targeting research, autophagy targeting research and in vivo verification research, and to explore the reasons for the contradictory
effects of HSCs autophagy on HF.
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Introduction

Hepatic fibrosis (HF) is a pathological process of hepatic structural dysfunction, the essence of which is excessive
deposition of diffuse extracellular matrix (ECM) in the liver." The progression of HF can lead to cirrhosis, portal
hypertension and even liver cancer, and ultimately to liver failure, which carries a risk of significant morbidity and
mortality. The prevalence of advanced fibrosis and cirrhosis was 2.85% and 0.87%, respectively, in a study of 5,757,335
people in the general population and high-risk groups in China.” In a large population-based study conducted in the
United States, the prevalence of cirrhosis in the general population was 0.27%, accounting for more than 600.000
patients.® Cirrhosis is also a major risk for hepatocellular carcinoma, which causes about 700,000 deaths worldwide
each year.” Therefore, reversion of HF is of great significance for the prognosis of chronic liver disease (CLD). Despite
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recent advances in the understanding of the pathogenesis of HF, specific anti-hepatic fibrosis (anti-HF) drugs are lacking
and the search for effective anti-HF agents remains a hot area.

Activation of hepatic stellate cells (HSCs) is a central event of HF development and a therapeutic target. Activated
HSCs enhance ECM migration and deposition, and can release pro-inflammatory and pro-fibrotic factors, ultimately
leading to HF.” Autophagy plays a role in maintaining cellular and tissue homeostasis.®” Numerous studies have found
that dysregulation of autophagy can lead to the occurrence and development of CLD, and that HF as a repair response to
CLD is regulated and affected by autophagy. In HF, the effects of autophagy are cell-type-specific due to the diversity of
cells in the liver’s internal environment (including hepatocytes, HSCs, cholangiocytes, immune cells and other cells).
Studies have shown that autophagy of HSCs exerts different effects on the development of HF by inhibiting or promoting
HSCs activation.® Therefore, it is of great significance to study anti-HF drugs targeting HSCs autophagy.

In recent years, traditional Chinese medicine (TCM) has shown great potential in the prevention and treatment of HF,
but the mechanism of action is usually unclear, which greatly limits its clinical promotion. Autophagy of HSCs is one of
the key pathways or targets of various active ingredients from TCM (AITCM) to improve HF, but there is a lack of
review. To clarify the efficacy of AITCM against HF and the specific molecular mechanism of targeting HSCs autophagy,
we set the keywords as“‘liver fibrosis’ or ‘hepatic fibrosis’ and ‘traditional Chinese medicine’”, and searched databases
such as PubMed, Web of Science, Embase and China National Knowledge Infrastructure (CNKI). In this paper, we will
firstly introduce the pathogenesis of HF based on HSCs autophagy, and then review the research progress of AITCM
regulating HSCs autophagosomes against HF.

Pathogenesis of HF
HF is caused by hepatotoxic injuries (such as viral hepatitis, fatty liver disease) and cholestatic injuries (such as biliary
atresia) due to obstruction of bile flow." The process of HF mainly involves long-term chronic parenchymal injury,
sustained activation of inflammatory response and oxidative stress, massive deposition of ECM, and fibrous scar
formation, which together destroy the normal structure and function of the liver. Following liver injury, the death of
hepatocytes and the infiltration of immune cells activate the cascade of inflammatory and fibrotic signals. Hepatocytes
apoptosis and release of damage-associated patterns (DAMPs) by hepatocytes not only activate HSCs directly but also
induce recruitment and activation of lymphocytes and macrophages that promote the transdifferentiation of HSCs into
myofibroblasts (MFs) by producing pro-inflammatory and pro-fibrotic cytokines.”*'°

HF is sustained by the activation of MFs, which are a heterogeneous population of proliferating, migrating and pro-
fibrotic cells, and are the major source of ECM in fibrotic livers.'' HSCs are the major source of MFs in the injured liver
and their activation is a central event in the biological processes of HF.'? In the normal liver, HSCs reside in the
subendothelial space of Disse, contain retinoids and vitamin A, and are quiescent. Under conditions of chronic liver
injury, HSCs are activated into MF-like cells (HSCs/MFs or MFs derived from HSCs). Activated HSCs upregulate the
expression of a-smooth muscle actin (a-SMA) and other MFs intracellular microfilaments, and synthetize large amounts
of ECM components, particularly fibrillar collagens, to produce the fibrous scar.""'* In addition, a complex network of
cytokine-mediated signaling pathways regulates the activation of HSCs and fibrosis progression. Among the cytokines
that play a key role are mainly transforming growth factor-beta (TGF-f), platelet-derived growth factor (PDGF) and
inflammatory factors.'*

HSCs Autophagy and HF

The relationship between autophagy of HSCs and HF is currently controversial: the majority view is that HSCs
autophagy can promote fibrosis, but it should not be overlooked that there are indeed studies demonstrating that inducing
autophagy in HSCs can resist fibrosis.

HSCs Autophagy Promoting HF

Autophagy has been shown to regulate lipid droplets (LDs) metabolism, by degrading LDs to free fatty acids, which then
undergo B-oxidation to generate ATP, providing the energy necessary for the activation of HSCs.'> Hong et al'® found that
Atg2 A was located in LDs and knockdown of Atg2A inhibited autophagic flux, which consequently suppressed LX-2 cells
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activation and LDs degradation. Many studies have shown that HSCs autophagy can promote HF. Autophagy was enhanced
in HSCs isolated from mouse with HF induced by carbon tetrachloride (CCL4) and thioacetamide (TAA), and in HSCs
isolated from HBV-infected human liver.'> Spontaneous and induced activation of LX-2 cells enhanced autophagy, and
inhibition of autophagy inhibited HF.'”'® Similarly, autophagy showed pro-fibrotic effect in JS1 and RAT HSC-T6 cell
lines.'*° Down-regulation of autophagy treated with autophagy inhibitors 3-methyladenine (3-MA) or Atg5 siRNA, Atg7
siRNA and MAPILC3 siRNA resulted in attenuation of HSCs activation and fibroblastic properties, confirming the pro-

fibrotic effect of HSCs autophagy from another perspective.'>?!

HSCs Autophagy Resisting HF

On the other hand, however, some studies have shown that the induction of autophagy in HSCs can resist HF. Apoptosis
and senescence are both ways to eliminate activated HSCs. Inducing autophagy in HSCs can promote their apoptosis or
senescence, and then reduce activated HSCs, resulting in anti-HF effect. Resveratrol (RSV)*? induced autophagy and
apoptosis in JS1 cells in a dose-dependent manner, thereby inhibiting its activation. When autophagy was inhibited by
chloroquine (CQ) or 3-MA, this effect could be alleviated, further demonstrating its anti-HF effect by inducing
autophagy. Inducing autophagy in HSCs can also reduce type I collagen accumulation and inhibit the extracellular
vesicles release to attenuate HF. Overexpression of phospholipase D1 (PLD1)* induced autophagy in HSCs to reduce
type I collagen accumulation, whereas inhibition of its autophagy enhanced type I collagen expression. Further, Gao et al
showed that autophagy in HSCs inhibited the release of fibrotic extracellular vesicles to attenuate HFE.** In addition,
induction of autophagy can also degrade pro-fibrotic factors to resist fibrosis. In primary mouse HSCs (mHSCs),
impaired autophagy significantly promotes their activation, migration and proliferation, as well as the accumulation of
pro-fibrotic factors. In contrast, restoration of mHSCs autophagy would alleviate fibrosis by degrading pro-fibrotic

factors and inhibiting mHSCs activation.”®

Intervention of HSCs Autophagy by AITCM

Basic experiments have confirmed that a variety of AITCM can inhibit or induce HSCs autophagy and exert anti-fibrotic
effects through different pathways. In this paper, we found 18 kinds of AITCM for anti-HF (Table 1).

Inhibiting HSCs Autophagy to Attenuate HF

Several studies have shown that autophagy is signaling pathway-dependent, particularly the initiation phase of autop-
hagy. Autophagy is induced a wide range of extra- and intracellular stresses including nutrient starvation, the absence of
growth factors, and hypoxia.***’ The mTOR (mammalian target of Rapamycin) kinase may be the central signaling
molecule in determining the levels of autophagy in cells, being a signaling control point downstream of nutrient
starvation, growth factor receptor signaling, hypoxia, ATP levels and insulin signaling, and it may mediate its effects
on autophagy by inhibiting the ATG1/ULk1/2 complex at the earliest stages in phagophore formation.*®*? Various stress
signals regulate the activity of mTORC1 (mTOR complex 1) mainly through classical signaling pathways such as PI3K/
AKT, Ras-cAMP-PKA, AMPK, and Ras/Raf/MEK/ERK.**>° TGF-B1 transduces signaling through its receptors on the
surface of HSCs via SMAD signaling and the non-SMAD pathway.’’ SMAD signaling directly affects Beclinl/ATGL7
leading to autophagy. In the non-SMAD pathway, TGF-B1 regulates mTORCI activity through PI3K / AKT, ERK or
JNK pathways, thereby affecting autophagy.’*~*

Inhibition of Autophagy to Attenuate HSCs Activation by Blocking the TGF-31/Smad Signaling Pathway
TGF-B1 signaling is initiated by binding to the type II receptor. Subsequently, the receptor forms a dimer with its type I
receptor and binds to Smad2 and Smad3; the complex is phosphorylated and released into the cytoplasm, where it binds
to Smad4. They then translocate to the nucleus and regulate the transcription of a-SMA and pre-collagen I to promote the
activation and proliferation of HSCs.>* TGF-B has been reported to upregulate autophagy,’> and the inhibition of the
TGF-p1/Smad 3 signaling cascade response can suppress autophagy.’®>’ Sauchinone (SAU)*® was a lignan found in
Saururus chinensis that attenuated CCl4-induced HF and HSCs activation in mouse. In vitro studies showed that it
inhibited TGF-B1-induced Smad2/3 phosphorylation and transcript levels of matrix metalloproteinase-2(MMP-2) and
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Table | List of Active Ingredients from TCM (AITCM) with Anti-Hepatic Fibrosis (Anti-HF) Effects

Overall NO. TCMs Component Model - Stimuli Effects and Potential Mechanism Reference
Mechanism Types
Inhibiting | Sauchinon Phenylpropanoids CCL4-Mouse, Inhibiting the TGF-f1/Smad3 signaling pathway and autophagy to inhibit HSCs [26]
HSCs (SAV) TGF-B1-LX-2 cells activation
autophagy
2 Honokiol Phenylpropanoids CCL4-Mouse, Inhibiting the TGF-f1/Smad signaling pathway and autophagy to inhibit HSCs activation [27]
(HKL) TGF-B1-LX-2 cells and collagen expression
3 Ginsenoside Rg3 Triterpenoid TAA-Mouse, Inhibiting HSCs autophagy by activating the PI3K/AKT/mTOR signaling pathway to [28]
(G-Rg3) saponins HSC-T6 cells inhibit HSCs activation
4 Ginsenoside Rg2 Triterpenoid CDAHFD-mouse, Inhibiting HSCs autophagy by activating the Akt/mTOR pathway to inhibit HSCs [29]
(G-Rg2) saponins LPS-HSC-T6 cells activation
5 Saikosaponin-d Triterpenoid CCL4- Mouse, primary Increasing GPER| expression, inhibiting HSCs autophagy and activation [30]
(SSd) saponins mHSCs and TGF-B-LX-2
cells
6 Salvianolic acid B Phenylpropanoids | TGF-BI-JSI cells, TGF-BI- | Inhibiting TGF-B1-induced HSCs autophagy and activation, down-regulating of ERK, p38 [31]
(Sal B) LX-2 cells and JNK pathway related proteins
7 Berberine Alkaloids CCL4-Mouse, NONE [32]
(BBR) PDGF-BB -LX-2 cells
8 Dendropanoxide Alkaloids CCL4-Mouse, LX-2 cells NONE [33]
(DPX)
9 Tetrandrine (Tet) Alkaloids HSC-T6 cells Inducing lipids accumulation and attenuating HSCs activation by blocking autophagy in [34]
HSC-T6 cells
10 Oxymatrine (OM) Alkaloids LX-2 cells Increasing the number of intracellular LDs in LX-2 cells, inhibiting autophagy [35]
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11 Gambogic acid (GA) Flavonoids DMN-rats, BDL-rats, HSC- | Apoptosis was inhibited when GA induces autophagy at an early stage (12 h), but the [36]
T6 and LX-2 cells accumulation of autophagy over the following 24 h eventually led to apoptosis.
12 Curcumol Sesquiterpenoid CCL4-Mouse, Activating Sirtl to promote Atg 5 deacetylation, thereby inducing autophagy and [37]
LX-2 cells and Primary promoting necroptosis in HSCs
mHSCs
LPS-HSC-T6 cells Promoting ferroptosis and ferric ion release in HSC-T6, leading to iron overload, which [38]
in turn induced ferroptosis and elimination of activated HSCs
13 Dihydroartemisinin Sesquiterpenoid CCL4-Mouse,CCL4-Rats, Inducing senescence of activated HSCs through autophagy-dependent GATA6 [39]
(DHA) Primary rat HSCs accumulation
CCL4-Mouse, Primary Promoting ferroptosis by inducing autophagy to inhibit HSCs activation [40]
mHSCs and LX-2 cells
14 Artesunate Sesquiterpenoid CCL4-Mouse, Promoting HSCs ferroptosis by inducing ferritinophagy [41]
LX-2 cells
15 Tetramethylpyrazine Alkaloids CCL4-Rats, PDGF-BB- Promoting autophagy of HSCs to balanc the release of inflammatory cytokines by [42]
(TMP) HSC-T6 cells inhibiting the AKT-mTOR signaling pathway
16 Oroxylin A Flavonoids CCL4-Mouse, PDGF-BB- NONE [43]
HSC-Té6 cells
17 Ampelopsin (Amp) Flavonoids CCL4-Mouse, Inducing HSCs autophagy and inhibiting the SIRT1 / TGF-1 / Smad3 pathway, inhibiting [44]
Primary HSCs activation
mHSCs
18 Caffeic acid Flavonoids CClLA4-rats, Inhibiting HSCs activation by inhibiting TGF-f1/Smad3 signal transduction, inducing [45]
phenethyl ester HSC-T6 cells autophagy and inhibiting AKT/mTOR signaling pathway in HSC-T6 cells
(CAPE)

Abbreviations: BDL, bile duct ligation; CCL4, carbon tetrachloride; CDAHFD, choline-deficient, L-amino acid-defined, high-fat diet; DMN, dimethylInitrosamine; LPS, lipopolysaccharide; PDGF, platelet-derived growth factor; TAA,

thioacetamide; TGF-BI, transforming growth factor-betal.
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autophagy in LX-2 cells, and suppressed HSCs activation. However, target validation was not performed in this study.
Therefore, whether the antifibrotic effect is achieved by inhibiting autophagy and the specific molecular mechanism need
to be further confirmed. Honokiol (HKL)*” was isolated from Magnolia grandiflora, which can alleviate CCL4-induced
HF in mouse. In LX-2 cells, it reduced HSCs activation and collagen I expression by blocking TGF-B1/Smad signaling
and autophagy. However, this study only confirmed the effect of HKL on HSCs autophagy and activation in vitro, and
lacked HSCs cell-specific research in mouse liver tissue.

Inhibition of Autophagy to Attenuate HSCs Activation Through Activating Akt/mTOR Pathway

As a key regulator in the initiation phase of autophagy, mTOR inhibits autophagy and is a negative regulator of
autophagy.’® The AKT/mTOR pathway is the classic pathway of negative regulation of autophagy.”® Akt is a serine/
threonine kinase that inhibits autophagy by blocking the activity of the mTOR inhibitor TSC2, resulting in the activation
of mTOR.®® A number of factors are upstream of this pathway, generating signaling cascades such as AMPK/AKT/
mTOR and PI3K/AKT/mTOR. Ginsenoside Rg3 (G-Rg3),”® a saponin with a high content in red ginseng, significantly
attenuated TAA-induced HF, inhibited autophagy, and activated the PI3K/Akt/mTOR signaling cascade in the liver of
mouse. In vitro (HSC-T6 cells), G-Rg3 also activated the PI3K/AKT/mTOR signaling pathway and dose-dependently
inhibited lipopolysaccharide (LPS)-stimulated autophagy and activation of HSC-T6 cells, which was attenuated by the
PI3K inhibitor LY294002. And rapamycin (Rapa), an mTOR inhibitor, induced HSC-T6 autophagy and activation, and
G-Rg3 reversed this effect. In this study, target validation was carried out, indicating that G-Rg3 could inhibit autophagy
in HSC-T6 cells to attenuate HF through activation of the PI3K/AKT/mTOR signaling pathway. Ginsenoside Rg2
(G-Rg2),*’ a protopanaxatriol saponin, can ameliorate HF induced by a choline-deficient, L-amino acid-defined, high-fat
diet (CDAHFD) in mouse and activate AKT/mTOR signaling pathway. In vitro (HSC-T6 cells), G-Rg2 activated the
AKT/mTOR signaling cascade reaction and reversed LPS-induced autophagy and activation. After intervention with
Rapa or MK2206 (Akt inhibitor), the above effects of G-Rg2 were attenuated, confirming the targeting relationship of
G-Rg2 with autophagy and Akt/mTOR signaling pathway, indicating that the antifibrosis effect of G-Rg2 was achieved
through the activation of Akt/mTOR pathway to inhibit autophagy. G protein-coupled estrogen receptorl (GPERI),
a novel estrogen receptor (ER) involved in estrogen-mediated regulation of gene transcription and signaling pathways,
can regulate autophagy via the Akt pathway. Studies have reported that G1 (a specific activator of GPER1) can inhibit
autophagy by modulating the Akt-mediated pathway.®-** In addition, estrogen could directly interfere with the devel-
opment of HF by inhibiting ER-mediated HSCs activation.®® Saikosaponin-d (SSd)** was the major active component of
Radix bupleuri. In CCL4-induced mouse, SSd attenuated HF and increased the expression of ER-f and GPER1 in liver
tissues. In primary mHSCs and LX-2 cells, SSd increased GPERI expression and inhibited cellular autophagy and
activation, and this effect was further verified by G1 versus G15 (a GPER1 antagonist), confirming that SSd attenuated
HF by modulating the GPER 1/autophagy pathway.

In addition to the above pathways, Salvianolic acid B (Sal B),>' was the major active water-soluble component of the
Chinese medicinal herb Salviae Miltiorrhizae Radix. Sal B inhibited TGF-B1-induced autophagy and activation of HSCs
in vitro. Pretreatment with the autophagy inhibitors CQ and 3-MA or silencing ATG7 enhanced the above effects,
whereas overexpression of the autophagy agonist Rapa or ATGS5 exerted an opposite effect, confirming that Sal
B inhibited HSCs activation by suppressing TGF-B1-induced HSCs autophagy. And in a protein chip, Sal B could
down-regulate ERK, p38 and JNK pathway- related proteins, but target validation was not performed in this study, and it
was not yet possible to explain the specific molecular mechanism of Sal B to inhibit autophagy and activation. Berberine
(BBR)*? was widely distributed in various medicinal plants such as Coptis chinensis, which can reduce liver injury
in vivo (CCL4-treated mouse) and in vitro (PDGF-BB-treated LX-2 cells). In vitro, it can reduce the levels of autophagy-
related proteins and inhibit the activation of LX-2 cells, but the specific mechanism remains to be further studied.
Dendropanoxide (DPX),*? the active ingredient of Dendropanax morbifera Léveille, was a sesquiterpene alkaloid. It can
inhibit autophagy and activation of LX-2 cells in vitro and attenuate their fibroblastic properties, but the specific
mechanism has not been studied in detail.
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Inhibition of Autophagy to Reduce the Degradation of LDs to Attenuate HSCs Activation
In normal liver, HSCs are quiescent with a large amount of LDs present within them, and the loss of LDs is a feature of
HSCs activation during liver injury.°* Under conditions of liver injury, cytoplasmic LDs in HSCs are recognized by the
autophagic process and thus degraded by lysosomes.®® The free fatty acids released by LDs degradation are considered to
be the energy source for HSCs to transdifferentiate into MFs and then generate fibrotic components,®® suggesting that
LDs degradation is closely related to HSCs activation. Tetrandrine (Tet) was a bisbenzylisoquinoline alkaloid isolated
from the Chinese medicinal herb Stephania tetrandra, which induced lipids accumulation and attenuates HSCs activation
by blocking autophagy in HSC-T6 cells.** This was the first description of a small molecule that can induce HSCs LDs
accumulation by blocking autophagy. Oxymatrine (OM),*® an alkaloid extracted and isolated from the leguminous plant
ginseng, can also increase the number of intracellular LDs in LX-2 cells, inhibit autophagy, and attenuate its fibroblastic
properties. However, no target validation was carried out in this study, and further research is needed. The above studies
suggest that inhibiting HSCs autophagy may reduce the degradation of LDs and induce lipid accumulation, thus
attenuating the activation of HSCs, which may be an effective way to prevent and control HF.

The above studies provide a reference for the development of anti-HF drugs in TCM by inhibiting HSCs autophagy
(Figure 1). However, the study of HSCs autophagy is mostly cultured in vitro, rather than exploring the AITCM in vivo
or isolated HSCs, which has some limitations and cannot provide direct evidence.

Induction of HSCs Autophagy to Attenuate HF
Contrary to the above views, it has recently been found that some AITCM exert anti-HF effects by inducing HSCs
autophagy (Figure 2).
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Induction of Autophagy to Promote Apoptosis

Apoptosis is one way to reduce the activation of HSCs. By inducing autophagy, it can promote the apoptosis of HSCs,
thereby reducing activated HSCs and reversing HE.®” Gambogic acid (GA),*® the main active component of Garcinia
cambogia, significantly ameliorated dimethylnitrosamine (DMN) and bile duct ligation (BDL)-induced HF in rats. In
vitro, GA inhibited the proliferation and activation of HSC-T6 and LX-2 cells. The effects on autophagy and apoptosis
can be divided into two phases: apoptosis was inhibited when GA induced autophagy at an early stage (12 h), but the
accumulation of autophagy over the following 24 h eventually led to apoptosis. Necroptosis is a non-apoptotic form of
cell death. Curcumol,®” a sesquiterpenoid extracted from Guangxi Curcuma, attenuated HF in CCL4-induced mouse by
targeting Sirtl to regulate HSCs autophagy and necroptosis, and specific knockdown of Sirtl in HSCs attenuated this
effect, validating the targeting role of Sirtl. In vitro, it inhibited the activation of HSCs by promoting RIP1/RIP3-
mediated necroptosis, which required the autophagy-related protein Atg5 and autophagosomes, and knockdown of Atg5
significantly reversed this effect. Curcumol regulated autophagy by activating Sirt]l and promoting Atg5 deacetylation; its
induction of autophagy and necroptosis in HSCs was significantly reduced after Sirtl downregulation. This study
demonstrated that curcumol could activate Sirtl to promote Atg5 deacetylation, thereby inducing HSCs autophagy and
necroptosis, which attenuated HF.

Induction of Autophagy to Promote Cellular Senescence

Cellular senescence is also a way to remove activated HSCs and attenuate HF. Senescent activated HSCs reduced the
secretion of ECM components, enhanced immune surveillance, and promoted the reversion of HF.>*%
Dihydroartemisinin (DHA)*® induced HSCs senescence and attenuated fibrosis in vivo (CCL4-induced rats and
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mouse) and in vitro (primary rat HSCs). GATA6 was an important target in this process, and its accumulation promoted
the induction of HSCs senescence by DHA, while knockdown of GATAG6 attenuated this effect. DHA increased
autophagosome generation and autophagic flux in activated HSCs. Autophagy depletion reduced GATA6 accumulation,
while autophagy induction showed synergistic effects with DHA. This study performed target validation and demon-
strated that DHA could induce senescence of activated HSCs through autophagy-dependent GATA6 accumulation,
thereby attenuating HF.

Induction of Autophagy to Promote Ferroptosis

Ferroptosis is a novel mode of cell death regulation caused by iron overload, redox homeostasis disruption and increased
lipid peroxidation,®” which is closely associated with HF. Autophagy plays an important role in ferroptosis by regulating
cellular iron homeostasis and cellular ROS generation.”® Artesunate*' was a sesquiterpene lactone extracted and isolated
from artemisinin. It induced ferroptosis of activated HSCs in vivo and in vitro, and blocking ferroptosis inhibited the
antifibrotic effect induced by artesunate. Artesunate promoted ferritinophagy of activated HSCs in vitro, whereas
inhibition of ferritinophagy with CQ suppresses its pro-ferroptosis and antifibrotic effects. This study showed that
artesunate promoted HSCs ferroptosis and exerted the antifibrotic effect by inducing ferritinophagy. DHA* alleviated
HF in CCL4-induced mouse. It inhibited HSCs activation via inducing ferroptosis, which required the activation of
autophagy and m°®A methylation. - Inhibition of autophagy treated with 3-MA significantly eliminated DHA-induced
ferroptosis in HSCs, further demonstrating that DHA can promoted ferroptosis by inducing autophagy to resist HF.
Curcumol*® promoted ferroptosis and ferric ion release in HSC-T6 cells, leading to iron overload, which in turn induced
ferroptosis and elimination of activated HSCs. NCOA4 and FTH1 were the targets of curcumol-induced ferritin
autophagy, which reduced the expression of FTH1 and induced the expression of NCOA4, which was reversed by the
effect of the autophagy inhibitor 3-MA, validating the target. However, this study was not performed in vivo.

Induction of Autophagy to Regulate Inflammatory Factors

HSCs are highly sensitive to pro-inflammatory cytokines and can be activated by an inflammatory response.”’ And pro-
inflammatory and pro-fibrotic cytokines released by activated HSCs can enhance the response of inflammatory and
fibrotic tissues.” Tetramethylpyrazine (TMP)** was a natural alkaloid that exerted the anti-HF effect in vivo (CCL4-
induced rats) and in vitro (PDGF-BB-stimulated HSCs-T6) by inhibiting the Akt-mTOR pathway to promote autophagy
of HSCs-T6, thereby balancing the release of inflammatory cytokines and degradation of ECM. The therapeutic effect of
TMP was enhanced by the autophagy inducer rapamycin, while the autophagy inhibitor 3-MA, the PI3K pathway
inhibitor LY 294002 and the AKT pathway agonist SC79 had the opposite effect, validating the target.

In addition, although some studies have shown that induction of autophagy can resist HF, they have not elucidated the
further effects after autophagy induction. Oroxylin A** was a natural monoflavonoid isolated from Scutellariae Radix that
reduced liver injury and HSCs activation in vivo (CCL4-induced mouse) and in vitro (PDGF-BB-stimulated primary
mHSCs). In both models, Oroxylin A promoted autophagy in activated HSCs and its antifibrotic effects were attenuated
by the use of autophagy inhibitors in vitro. Similarly, Ampelopsin (Amp)** attenuated HSCs activation in CCL4-treated
mouse tissues and cultured activated primary mHSCs. It induced HSCs autophagy and inhibited the SIRT1/TGF-$1/
Smad3 pathway in vitro, and inhibition of autophagy treated with 3-MA reduced its antifibrosis effect. Caffeic acid
phenethyl ester (CAPE)* inhibited HF and HSCs activation by inhibiting TGF-B1/Smad3 signal transduction in vivo
(CCL4-induced rats) and in vitro (HSC-T6 cells). In vitro studies also showed that CAPE induced autophagy and
inhibited AKT/mTOR signaling pathway in HSC-T6 cells..

Conclusion and Perspective

The relationship between autophagy of HSCs and HF is currently controversial. The majority view is that HSCs
autophagy can promote fibrosis. HSCs autophagy may promote HF by consuming LDs to provide energy for their
activation. However, in contrast, some studies have shown that inducing autophagy in HSCs can resist HF by stimulating
their apoptosis or senescence, reducing type I collagen accumulation, inhibiting the extracellular vesicles release,
degrading pro-fibrotic factors and other mechanisms. We speculate that the reason for the contradictory effects is that
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the degree of autophagy is related to the activation state of HSCs. When autophagy is at a basic level, HSCs reside in

a quiescent state,®>’

and when liver injury occurs, autophagy is enhanced to promote HSCs activation, thereby
promoting HE.'>*® When autophagy exceeds to the standard threshold, it induces apoptosis or senescence to remove
activated HSCs, and it reduces the synthesis of type I collagen and degrades pro-fibrotic factors, thereby inhibiting

fibrosis.23-243%:67.68.73 1¢ ig

the uncertainty of the relationship between HSCs autophagy and HF that leads to a certain
contradiction in the development of anti-HFs drugs targeting HSCs autophagy. In this paper, 18 kinds of AITCM were
reviewed, some of which inhibit HSCs autophagy to resist HF, while others induce HSCs autophagy to resist HF.

The most promising direction for the development of AITCM that inhibit HSCs autophagy and thus antifibrosis is to
target LDs. There is sufficient evidence that HSCs autophagy can degrade LDs and provideenergy for their activation,
which is crucial to the progression of fibrosis. Moreover, the AITCM Tet and OM can reduce the degradation of LDs by
inhibiting HSCs autophagy, thereby reducing HSCs activation. Therefore, this may be a potential approach for the
development of antifibrotic drugs. However, drug development targeting this pathway should take into account the
timeframe: intervention in pre-disease liver injury, as autophagy in HSCs may not respond to treatment in the later stages
of the disease. While, the most promising direction for the development of AITCM that promote HSCs autophagy and
thus anti-fibrosis is to target HSCs apoptosis. Apoptosis is one of the major pathways for inactivation of activated HSCs,
and studies have shown that approximately 50% of activated HSCs undergo apoptosis during fibrosis regression.”*’>
Autophagy beyond a certain threshold may lead directly to autophagic cell death or to the execution of apoptotic cell
death via common regulators.”>’®""® In addition, it has been reported that GA and curcumol can stimulate apoptosis by
inducing HSCs autophagy to deplete activated HSCs. The development of drugs targeting this pathway will again need to
consider timing. However, there are still many shortcomings in the studies on the anti-hepatic fibrosis of AITCM
targeting HSCs autophagy: 1) Most studies of HSCs autophagy have been conducted in vitro rather than exploring the
effects of the AITCM in experimental animals. 2) The design of experimental protocols is relatively crude, and some
studies are limited to the phenomenal level without targeted validation of the mechanism of action. 3) There are a large
number of preclinical studies, but no high-level randomized controlled clinical trials.

In conclusion, there are great prospects for finding antifibrotic drugs targeting HSCs autophagy in TCM. Future
research should focus on the following directions: 1. cell targeting research, antifibrotic drugs should precisely target
HSCs; 2. autophagy targeting research, antifibrotic drugs should target autophagy of cells; 3. in vivo verification studies,
more animal experiments or clinical studies are needed to provide a basis for clinical application. Besides, why
autophagy of HSCs has contradictory effects on HF and under what conditions autophagy should be promoted or
inhibited to resist HF should also be a major subject of future study.
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