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Liver fibrosis is a repair process of chronic liver injuries induced by toxic substances,
pathogens, and inflammation, which exhibits a feature such as deposition of the
extracellular matrix. The initiation and progression of liver fibrosis heavily relies on
excessive activation of hepatic stellate cells (HSCs). The activated HSCs express
different kinds of chemokine receptors to further promote matrix remodulation. The
long-term progression of liver fibrosis will contribute to dysfunction of the liver and
ultimately cause hepatocellular carcinoma. The liver also has abundant innate immune
cells, including DCs, NK cells, NKT cells, neutrophils, and Kupffer cells, which conduct
complicated functions to activation and expansion of HSCs and liver fibrosis.
Autophagy is one specific type of cell death, by which the aberrantly expressed
protein and damaged organelles are transferred to lysosomes for further
degradation, playing a crucial role in cellular homeostasis. Autophagy is also
important to innate immune cells in various aspects. The previous studies have
shown that dysfunction of autophagy in hepatic immune cells can result in the
initiation and progression of inflammation in the liver, directly or indirectly causing
activation of HSCs, which ultimately accelerate liver fibrosis. Given the crosstalk
between innate immune cells, autophagy, and fibrosis progression is complicated,
and the therapeutic options for liver fibrosis are quite limited, the exploration is
essential. Herein, we review the previous studies about the influence of autophagy
and innate immunity on liver fibrosis and the molecular mechanism to provide novel
insight into the prevention and treatment of liver fibrosis.
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1 INTRODUCTION

1.1 Overview, Pathology, and Pathogenesis of Liver Fibrosis
Liver fibrosis is a chronic disease caused by liver injuries that are stimulated by several factors, such as
excessive alcohol consumption, virus infection (including hepatitis B and hepatitis C), non-alcohol
steatohepatitis (NASH), non-alcoholic fatty liver disease (NAFLD), and autoimmune hepatitis (Affo
et al., 2017; Kakino et al., 2018; Parola and Pinzani 2019). As a result of multiple kinds of liver damage
and diseases, liver fibrosis has a large prevalence and high mortality in China and also worldwide
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(Moon et al., 2020). Liver fibrosis will gradually result in
hepatocellular carcinoma without timely treatment (Affo et al.,
2017). The features of liver fibrosis are excessive accumulation of
extracellular matrix (ECM), which consists of glycoproteins,
collagen, and proteoglycans (Karsdal et al., 2017). Hepatic
stellate cells (HSCs) are recognized as the main cause for
initiation and progression of liver fibrosis (Li X. et al., 2020).
The hepatic damage causes the activation of HSCs, which are
changed from the quiescent status to myofibroblasts, and leads to
production and accumulation of the ECM, ultimately causing
liver fibrosis (Zhang et al., 2016; Chen et al., 2019; Dewidar et al.,
2019). The progression of liver fibrosis will lead to mild-to-
moderate liver fibrosis, and nearly 30% of the patients will
develop cirrhosis, in which more than 80% of patients will
finally progress to hepatocellular carcinoma (Pang et al., 2018).
Notably, liver fibrosis is a reversible pathological condition,
lacking effective treatment in addition to surgical resection or
transplantation (Baglieri et al., 2019). However, if the disease
developed to terminal stage, the surgical operation will be invalid.
As a result, it is significant to prevent the initiation and
progression of liver fibrosis.

There are different factors involved in the activation of HSCs,
including toxins, hepatitis, autoimmune disorders, and
steatohepatitis. HSC activation contains two major stages,
which are named as initiation and perpetuation, to stimulate
the HSCs to acquire a myofibroblast-like phenotype (Higashi
et al., 2017). Early activation of HSCs is driven by paracrine and
autocrine growth factors, mainly including platelet-derived
growth factor (PDGF), fibroblast growth factor (FGF), vascular
endothelial growth factor (VEGF), and transforming growth
factor (TGF-β) (Borkham-Kamphorst and Weiskirchen 2016;
Xu et al., 2016; Feng et al., 2019; Schumacher et al., 2020).
The release of these growth factors is regulated at the
transcriptional level. Moreover, the continuous stimuli for
HSC activation will result in alteration of cell behaviors, such
as proliferation, fibrogenesis, matrix degradation, and cytokine
release, finally causing continuous activation (Zhou et al., 2019).
Overall, these cellular changes will contribute to ECM
accumulation. The ECM mainly comprises α smooth muscle
actin (α-SMA) and collagen, and the excessive accumulation of
the ECM will cause damage to normal liver structure and
function (Schnieder et al., 2020).

The role of autophagy in the process of liver fibrosis is complex
and bidirectional, which has received particular attention in
recent years. From the current research, the upregulation of
autophagy can aggravate liver fibrosis mainly by promoting
HSC activation in HSC autophagy, especially lipophagy can
provide energy for its activation (Hou et al., 2022). The
inhibitory effect of upregulated autophagy on liver fibrosis is
mainly reflected in the protective effect of hepatocyte and LSEC
autophagy and the anti-inflammatory effect of immune cell
autophagy (Hammoutene et al., 2020). In addition, various
signaling pathway studies suggest that the upregulation of
HSC autophagy aggravates liver fibrosis (Liu et al., 2020).
Autophagy of different kinds of cells and different levels of
autophagy of different substrates may have biased or different
mechanisms on liver fibrosis (Li Y. et al., 2020). In addition, its

complexity may be related to the type of disease and period of
fibrosis.

1.2 Immune Cells, Inflammation, and Liver
Fibrosis
In the traditional conception, the liver is a metabolic organ
conducting the function of substance circulation and energy
regeneration. However, the unique anatomical characteristics
of the liver, including abundant blood supply and rich
microarchitecture of vessels, have empowered the liver with a
profound feature of immune function (Jenne and Kubes 2013).
The liver is abundant in multiple immune cells, which contribute
to immune regulation of hepatic function. Compared with
adaptive immunity, the innate immune response is activated
much faster, especially in acute liver injury, where the host has
little time to trigger an effective adaptive immune response. From
this perspective, the innate immune system may provide a more
profound contribution than the adaptive immune system (Wu
et al., 2010). A coordinated network of innate immune cells,
inducing Kupffer cells (KCs), natural killer cells (NKs), innate
lymphoid cells (ILCs), mucosal-associated invariant T cells
(MAITs), dendritic cells (DCs), and invariant NKT cells
(iNKTs), are involved in the inflammation of the liver to
encounter the invading microorganisms, toxic damage, and
pathological challenges (Hossain and Kubes 2019). Typically,
KCs are responsible for first detecting the occurrence of
exogenous stimulation, releasing the proinflammatory
cytokines (such as IL-6, TNF-α, and IL-6), and chemokines
(e.g., CCL-2, CCL-4, and CXCL-1) (Abdullah and Knolle
2017). The soluble factors contribute to the recruitment of
monocytes and neutrophils to the liver. Neutrophils play an
important role in innate immune response by capturing and
destroying the pathogens, performing its function by producing
reactive oxygen species (ROS), stretching neutrophil extracellular
traps (NETs), and conducting the function of phagocytosis (Yang
et al., 2019). DCs conduct the functions by bridging the gap
between innate immune reaction and adaptive immune response.
DCs maintain quiescent conditions under a healthy environment,
but they move to the lymph node after stimulation and present
antigens to T cells to further activate adaptive immune reaction
(Soysa et al., 2017). In addition, the abovementioned cell types
and the innate-like lymphocytes, such as MAITs, ILCs, NKs, and
iNKTs, are also significant in shaping the hepatic immune
microenvironment by secreting different kinds of cytokines
(Chen and Tian 2020; Niehaus et al., 2020; Gan et al., 2021).
The cytokines and chemokines further facilitate the expression of
adhesive molecules such as VCAM1 and ICAM1 to stimulate the
secretion of hepatic sinusoidal endothelial cells and ECM
formation (Roh and Seki 2018).

When the liver encounters sustained damage, the
inflammatory cells will generate a huge amount of chemokines
and cytokines to exert its defensive reaction (Figure 1).
Meanwhile, the HSCs also express different kinds of
chemokine receptors. The chemokine receptors dysregulated in
HSCs contain CXC chemokine receptor 3 (CXCR3); C–C
chemokine receptor (CCR) family, including CCR5 and
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CCR7(Seki et al., 2009). The chemokine family chain in HSCs
contains the chemokine ligand (CCL) family, which includes
CCL2, CCL3, and CCL5; in addition, the CXC chemokine ligand
(CXCL) family contains CXCL1 and CXCL8–CXCL10
(Weiskirchen and Tacke 2014; Yan et al., 2020). Generally, the
chemokines bind to their receptors to promote HSC migration
and ECM generation. However, the function of chemokines and
their receptors in liver fibrosis is a double-edged sword. For
instance, the overexpression of CCR1, CCR5, and CXCL4 can
contribute to progression of liver fibrosis, whereas the stimulation
of CXCR3 and CXCL9 exert the protective function of liver
fibrosis (Bruns et al., 2014; Arsent’eva et al., 2015; Ambade
et al., 2019).

In addition, to the chemokines and their receptors in the
initiation and progression of liver fibrosis, the secreted cytokines
also enhance the inflammatory effect. The immune cells and
parenchymal cells secrete interleukin-1β, transforming growth
factor (TGF-β), tumor necrosis factor-α (TNF-α), and other kinds
of cytokines to enhance the inflammatory effect of hepatocytes
and activated HSCs (Mridha et al., 2017; Fabre et al., 2018; Kakino
et al., 2018). The downstream pathways of these cytokines were
also partially elucidated in the previous studies. For instance, the
TGF-β/Smad signaling is deeply involved in HSC activation.
After activation by TGF-β/Smad signaling, the HSCs will, in
turn, generate TGF-β in a manner of autocrine function, which
consequently enhances the activation of the TGF-β/Smad
pathway. In addition, the NF-κB pathway is also associated
with liver fibrosis. The stimuli of the NF-κB pathway include
the proinflammatory factors including interleukins (IL-1, IL-2,
and IL-6) and TNF-α (Luedde and Schwabe 2011). The signaling
of the NF-κB pathway in fibrosis also conducts its function in a

manner of autocrine function, for the activation of the NF-κB
signal will contribute to the translocation of IκB in the nucleus
and upregulate the expression of proinflammatory cytokines,
finally leading to cascade amplification of the proinflammatory
effect and HSC activation (Bai et al., 2018).

Generally, considering the crucial role of hepatic innate
immune regulation, the liver is not only a metabolic organ but
also an important immune organ that wipes out invading
pathogens and endogenous harmful stimuli.

2 THE ROLE OF AUTOPHAGY IN THE LIVER

Autophagy is one specific type of cell death, by which the
aberrantly expressed protein and damaged organelles are
transferred to lysosomes for further degradation. The initiation
and process of autophagy involve the formation of multiple
biofilm structures. The autophagosomes are formed, fusing
with lysosomes to form autolysosomes, which consequently
conduct the function of degradation (Li Y. et al., 2020; Lorincz
and Juhasz 2020).

The autophagy flux is regulated by a series of evolutionarily
conserved proteins. For instance, the translation products of ATG
genes are responsible for the formation of autophagosomes,
which could be divided into two major stages: nucleation and
elongation (Li and Zhang 2019). The proteins of Atg1/ULK
kinase and phosphatidylinositol 3 (PI3K) kinase and the
downstream PI3P effectors are critical to the nucleation stage,
and the Atg8 and Atg12 are significantly involved in the
elongation stage (Mizushima 2010). In addition, there still
exists a homolog of yeast Atg8, microtubule-associated protein

FIGURE 1 | Schematic diagram of the interaction between autophagy and innate immunity in the process of liver fibrosis. When the liver encounters sustained
damage, the immune cells will generate huge amount of chemokines and cytokines to exert its defensive reaction. Meanwhile, the HSCs also express different kinds of
chemokine receptors to further promote matrix remodulation.
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1 light chain 3 (LC3), localizing to the autophagosome membrane
after posttranslational modification (Lorincz and Juhasz 2020).
The clipping product of the C-terminal fragment of LC3 is called
LC3-I, which could be activated by Atg7 and transferred to Atg3,
and it combines with phosphatidylethanolamine in a manner of
covalent bonding, ultimately converting to LC3-II, whose
number is closely related to the number of autophagosomes.
Under the condition of an adverse situation or pathological
factors, the LC3-I will rapidly transform to LC3-II to enhance
the autophagy flux, and the expression of LC3-I and LC3-II is an
effective parameter to monitor autophagic activity (Huang and
Liu 2015). Moreover, the complex of p62/SQSTM1 directly binds
to LC3 and is incorporated into the autophagosome to facilitate
the process of autophagy, which will be degraded by autophagy
ultimately (Katsuragi et al., 2015).

Autophagy commonly occurs in nearly all cell types and is
crucial for sustaining cell homeostasis, cell survival,
differentiation, and growth (Hu et al., 2019; Yan et al., 2019).
Due to its wide distribution and function in nucleated cells, the
maintenance of regular autophagy is essential to cellular function
(Xiang et al., 2020). It is widely recognized that dysregulation of
autophagy is closely related to the development of various
diseases, such as malignant tumors (Mowers et al., 2018; Jiang
et al., 2019), auto-immune disease (Cosin-Roger et al., 2017),
metabolic disease (Yan et al., 2017; Madhavi et al., 2019), and
neurodegeneration (Plaza-Zabala et al., 2017; Liu et al., 2019),
including liver fibrosis (Qu et al., 2017; Meng et al., 2018; Liu
et al., 2019). Similar to the function of autophagy in other types of
diseases, autophagy also exerts complicated roles in liver fibrosis.
The role of autophagy in liver fibrosis depends on the cell type
and stage of the disease. For example, in hepatocytes, autophagy
has been demonstrated to have a protective role (Allaire et al.,
2019; Hammoutene et al., 2020). In Atg5 liver-specific KO mice,
the number of fibrosis-related genes, such as Col-1, α-SMA, and
TGF-β, was increased in hepatocytes. While in the wild-type
mice, saracatinib markedly suppressed the expression of α-SMA
in HSCs and decreased the TGF-β–induced CTGF expression by
increasing autophagy flux in hepatocytes (Li Y. et al., 2020). In
HSCs, the function of autophagy becomes paradoxical. On the
one hand, it has been proposed that autophagy in HSCs might
induce their activation through lipophagy, a selective type of lipid
droplet degradation (Hammoutene et al., 2020). On the other
hand, converse findings suggest that increased autophagy in
HSCs attenuates liver fibrosis. In a recent study, researchers
demonstrated that mammalian target of rapamycin (mTOR),
an inhibitor of autophagy, actually promotes HSC activation and
liver fibrosis through extracellular vesicle (EV) release, while
restoring autophagy in HSCs attenuates liver fibrosis by
inhibiting the release of fibrogenic EVs(Gao et al., 2020).

As is known, the innate immune cells of the liver are crucial to
the influence of liver fibrosis; the stability of liver immune
function is an important factor to maintain normal liver
function (Wu et al., 2020; Sepulveda-Crespo et al., 2021).
Autophagy balances inflammation in innate immunity, and
when liver injury occurs, the autophagy function of liver
innate immune cells will also change. A failure in autophagy
functions is often manifested as dysregulated inflammation in

animal models and human diseases (Deretic and Levine 2018). In
liver diseases, the functions of immune cells are more complex,
and the interaction between autophagy and immune cells may be
the underlying molecular mechanism for the complex regulatory
functions of immune cells. The formation and progression of
fibrosis is a complicated process, which involves the crosstalk
between autophagy and innate immune cells (Figure 2).
Therefore, a deep understanding of the cellular function of the
molecular mechanism of autophagy in liver fibrosis is essential to
its therapy.

3 FUNCTION AND MECHANISM OF
AUTOPHAGY AND INNATE IMMUNITY IN
LIVER FIBROSIS
The formation and progression of fibrosis is a complicated
process, which involves the crosstalk between autophagy and
innate immune cells and molecules. Many studies have reported
the autophagy function of some major immune cells in liver
disease. Here, we summarized the relationship between these
major immune cells and autophagy in the process of liver fibrosis
as below.

3.1 Kupffer Cells
Kupffer cells (KCs) are hepatic macrophages that are a
heterogenous population of non-parenchymal cells, comprising
90% of all macrophages, and can be divided into resident and
infiltrating macrophages. Kupffer cells are essential for sensing
tissue damage and initiating inflammatory response, while
infiltrating monocytes/macrophages are associated with
chronic inflammatory fiber formation (Ji et al., 2020), (Lodder
et al., 2015). Recent studies have shown that during the regression
of fibrosis, infiltrating monocytes/macrophages differentiate into
“repair”macrophages, which have the function of promoting the
regression of fibrosis (Zhu et al., 2018), (Zhou et al., 2018). It is
now recognized that KCs play an important role in the
pathogenesis of hepatic fibrosis and may be a potential
therapeutic target for hepatic fibrosis (Cheng et al., 2021). KCs
are involved in the initiation and progression in different stages.
In the initiation stage, KCs interact with damage-associated
molecular patterns (DAMPs) released by injured or dying
hepatocytes, thereby promoting the activation, polarization,
and recruitment of KCs. Correspondingly, the activation of
KCs induces the secretion of proinflammatory and fibrotic
cytokines that act as proinflammatory drivers and promote the
activation and fibrotic response of HSCs (Pradere et al., 2013).
Current studies have confirmed that HSCs can interact with KCs
to promote the generation of the immune microenvironment
around HSCs and remodeling of the ECM. The interaction
between KCs and HSCs is a complex process involving various
cytokines and chemokines (e.g., transforming growth factor
(TGF)-β, tumor necrosis factor (TNF)-α, interleukin (IL)-1β,
and CCL2) involved in the activation of HSCs. In liver tissue
and KCs of animals with CCl4-induced fibrosis, the expression of
TNF-like ligand 1A was significantly increased, which in turn
stimulated the secretion of PDGF-BB, TNF-α, and IL-1β, thereby
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driving the activation and proliferation of HSCs (Matsuda et al.,
2018). In addition, in the period of progression, KCs also release
matrix metalloproteinases (MMPs) to remodel the extracellular
matrix which further propels liver fibrosis (Cai et al., 2018; Ge
et al., 2020). However, some studies have shown that stimulating
KCs can also play an antifibrotic role under certain pathological
conditions. For example, one study showed that in CCl4-induced
liver fibrosis, IL-22 polarized M2 KCs through the STAT3
pathway, exerting an anti-inflammatory effect (Su et al., 2021).
Another study showed that inhibition of dipeptidyl peptidase 4
(DPP4) skews KCs toward the anti-inflammatory M2 phenotype,
thereby alleviating insulin resistance, steatohepatitis, and fibrosis
in cholesterol high-fat diet models (Sakai et al., 2020).

In the initiation and progression of liver fibrosis, autophagy in
KCs is a potent protective factor for the liver. Autophagy of KCs
protects hepatocytes upon liver injury and inhibits hepatic
inflammation and fibrogenesis by suppression of IL-1α/β
secretion induced by ROS in the mice with CCl4 treatment and
N-diethylnitrosamine (DEN)–fed rats (Sun et al., 2017). It also
limits IL1A and IL1B secretion, thus alleviating the recruitment of
other inflammatory cells. While knockout of Atg5, a key player in
autophagy, has been proven to aggravate liver fibrosis (Lodder
et al., 2015), IL-7 has been confirmed to promote liver injury and
inflammation by suppressing the autophagy of KCs (Zhu et al.,
2018). IL-7/IL-7R signaling inhibits Schistosoma japonicum egg
antigen–triggered macrophage autophagy through amp-activated
protein kinase (AMPK) signaling, thereby aggravating liver fibrosis
in Schistosoma japonicum infection (Zhu et al., 2018).
Furthermore, spermine can alleviate liver injury by hindering
the proinflammatory response of KCs by activating autophagy,
which also contributes to the polarization from M2 to M1 (Zhou
et al., 2018). Considering the benefits of autophagy, modulating the
autophagic function of KCs is an encouraging antifibrotic strategy
that deserves further study.

3.2 Neutrophils
Neutrophils account for nearly 60% of circulating leukocytes in
human bodies, defending the microbial infections in the first line.
Neutrophils exert the function of killing pathogens by directly
swallowing, producing reactive oxygen species (ROS), and
stretching neutrophil extracellular traps (NETs) (Papayannopoulos
2018). In addition to the traditional recognition of the function
carried out by neutrophils, emerging evidence also illustrates that
neutrophils can interact with other immune cells, including NKs,
DCs, and lymphocytes. Neutrophils interact with other immune cells
via secreting cytokines (such as CCL3 and CCL20) or expressing
molecules on the cell membrane, such as peptides.

A systematic review has analyzed the correlation between the
neutrophil-to-lymphocyte ratio (NLR) and liver fibrosis, which
found that a high NLR was related to mild progression of liver
fibrosis in patients infected by HBV, but the patients with chronic
HCV infection showed no significant relationships. Generally, the
relative number of neutrophils in blood could be associated with the
liver fibrosis stage and used as a biomarker in cirrhotic patients
(Peng et al., 2018; Pokora Rodak et al., 2018). For mechanism, the
previous study found that neutrophils in the liver could induce the
proinflammatory effect of macrophages by upregulating miR-223
and downregulating its targeted gene, NLRP3, finally contributing to
the spontaneous resolution of liver fibrosis (Calvente et al., 2019).

Accumulative studies have shed light on the role of autophagy
in the function of neutrophils, which could further explain the
effect of crosstalk between autophagy and neutrophils. During
sepsis, the neutrophil autophagy facilitates NET formation and
enhances the ability of antibiosis (Park et al., 2017). In a model of
ATG16L1-deficient mice, the amount of ROS has increased and
the capability of Salmonella typhimurium clearance is impaired,
which illustrated that autophagy is beneficial to neutrophils in the
function of antibiosis. Moreover, autophagy is also important to
neutrophil differentiation. Neutrophils are short-lived mediators

FIGURE 2 | Interplay between autophagy and innate immunity during liver damage with fibrosis processing. Innate immunity plays an important role in liver fibrosis.
Activation of HSCs and the remodeling of the hepatic microenvironment by accumulation of the ECM is essential to the initiation and progression of liver fibrosis. The
interplay between autophagy and innate immunity may become an important part of intervention in the treatment of liver fibrosis.
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of innate immunity, which require timely refreshment and
constant replenishment. The impairment of autophagy by
knocking out ATG7 was proven to enhance glycolytic activity
but decreased mitochondrial respiration, reduced ATP
production, and enhanced lipid droplets, finally destructing
neutrophil differentiation (Riffelmacher et al., 2017). Taken
together, we can assume that properly enhanced autophagy in
neutrophils will increase their differentiation and promote the
anti-inflammatory effect in the liver, which contribute to the
remission of liver fibrosis.

3.3 Dendritic Cells (DCs)
Dendritic cells (DCs) are heterogenous innate immune cells located
in the liver, performing the function of presenting antigens to other
immune cells, which are the crucial linkage between innate and
adaptive immunity (Théry and Amigorena 2001). The absolute
amount of DCs in the liver is not large; thus, hepatic DCs tend
to be tolerogenic apart from being immunogenic. After treatment
with thioacetamide and leptin, the DCs showed great capability to
remodel the proinflammatory environment of liver fibrosis (Izawa
et al., 2014). In the condition of liver fibrosis, the number of DCs
dramatically increases and obtains an immunogenic phenotype. The
previous study has shown that DCs extracted from tissues of liver
fibrosis could activate HSCs directly in vitro by upregulating the
expression of ICAM-1 (Blois et al., 2014). In addition, the
overexpression of DCs can activate inflammatory signaling in
HSCs and enhance their activation. Thus, the aberrant dynamics
of DCs is responsible for the initiation and progression of liver
fibrosis, whereas the deterioration of fibrosis increases the
population of DCs reciprocally. After being activated by damaged
hepatocytes, innate immune cells, especially DCs, recruit and
activate CD8+T effector cells, which in turn aggravate hepatocyte
injury by releasing cytotoxic cytokines (Parola and Pinzani 2019).
DCs are critical for the regulation of liver immunity, and irregular
DC activity can induce the activation of T cells and HSCs to
contribute to the pathological inflammation–rich environment
and fibrogenesis (Miao et al., 2015). A recent study on the
mechanism of kinsenoside’s antihepatic fibrosis showed that
CD8+ T cell activation could be blocked by specifically
upregulating PD-L1 expression on DCs, while reducing the
glycolysis of DCs and keeping DCs in the immature state,
improved the liver fibrosis index (Xiang et al., 2022).

As a mediator to deliver signals to adaptive immune cells and
contribute to their activation, one important function of DCs is to
present antigens in the form of major histocompatibility complex
(MHC) class II. Lysosomal degradation is essential to pathogen
degradation and antigen presentation. Intriguingly, the
autophagy flux contains the formation of lysosomes, and in
some cases, the autophagosomes fused with lysosomes are
conducted by autophagy and are also used to degrade
pathogens. Thus, autophagy in DCs can serve an effective role
to trigger the adaptive immune system (Germic et al., 2019).
Upregulation of ATG5 promotes the expression of CD36 and
enhances MHC-II antigen presentation in DCs, which
demonstrates that autophagy positively results in DC activity
(Oh and Lee 2019). In the LPS-induced injury model, the
researchers observed enhanced autophagy in DCs. The

mechanism of this autophagy may be caused by local hypoxia
to upregulate the phosphorylation levels of AKT, ERK, P38, and
NF-κB, thereby activating DCs with inflammatory factors such as
IL-1β, IL-18, and TNF-α release (Monaci et al., 2020). These
inflammatory factors are bound to aggravate liver fibrosis. From
previous studies, we find that at least three distinct types of
canonical autophagy coexist in dendritic cells, including
microautophagy, which involves lysosomal capturing of
cytoplasmic components through various modifications on its
membrane; chaperone-mediated induced autophagy; and
macroautophagy (Ghislat and Lawrence 2018). Even though
limited evidence has clarified the function of DC autophagy in
liver fibrosis, it can be speculated that excessive autophagy in DCs
promotes their activation to remodel the hepatic immune
environment and ultimately cause HSC activation. Therefore,
proper inhibition of autophagy in hepatic DCs will be beneficial
to the prevention and treatment of liver fibrosis.

3.4 Natural Killer Cells
Compared with DCs, the proportion of NKs in hepatocytes is
much higher than that in peripheral blood, with NKs accounting
for nearly 50% of lymphocytes (Abel et al., 2018). Similar to the
literal description, the biological function of NKs is in attacking
pathogens to maintain homeostasis. NKs are cytotoxic and have
effector functions with cytokines, and the ability to be cytotoxic
makes it important for these cells to be able to distinguish
between target cells and healthy “self” cells. NK cells have a
variety of activated and inhibited cell surface receptors that
regulate NK cell activity (Vivier et al., 2008). NKs exert potent
function in antifibrosis in two different ways. On the one hand,
NKs attack and kill HSCs directly in the early stage of HSC
activation, but if the HSCs were in the quiescent condition or fully
activated, the NKs do not function. On the other hand, NKs
release IFN-γ to induce the apoptosis of HSCs (Luci et al., 2019).
Meanwhile, the secreted IFN-γ can upregulate the expression of
NKG2D and TRAIL on NKs to enhance the NK activities of
killing HSCs in a manner of autocrine function (Glassner et al.,
2012). Moreover, the fully activated HSCs can release
transforming growth factor-beta (TGF-beta) to impair the
killing effect of NKs, which explains the dysfunction of NKs
in killing fully activated HSCs (Shi et al., 2017). Hence, the
utilization of TGF-beta inhibitors is a possible method to
strengthen the capability of NKs in the treatment of liver fibrosis.

Recent experimental evidence has preliminarily illustrated the
function of autophagy in NKs. NKs can induce mitophagy in the
injury caused by a virus infection and maintain the survival of NKs
by clearing the damaged mitochondria inside the cell. In addition,
autophagy is essential in the process of NK transition from effector
cells to long-life memory cells. Drug induction of autophagy
enhances memory formation of NKs through an ATG3-
dependent mechanism so that NKs can maintain the ability to
eliminate the virus and other pathogenic factors (O’Sullivan et al.,
2015). Deletion of ATG5, a vital protein involved in autophagy
formation, was proved to cause progressive mitochondrial damage
and excessive generation of ROS to interrupt the development of
NKs and even death (O’Sullivan et al., 2016). In addition, the
interaction between ATG7 (another player essential to
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autophagy) and FOXO1 (forkhead box O1) contributes to the
formation of autophagy flux in the cytosol of immature NKs to
accelerate the maturation (Huang et al., 2019). These findings
demonstrate that proper activation of autophagy is critical to the
maturation of NKs, which subsequently enhance the capability of
antifibrosis in the liver.

3.5 Natural Killer T Cells
Natural killer T cells (NKTs) are innate-like T cell subsets that are
abundant in the human liver. NKTs are quite different from the
conventional T cells, for they recognize glycolipid antigens presented
by the MHC-I molecule, CD1d, which is usually expressed on the
cellular membrane of T cells and NKs (Exley et al., 2017). According
to the expression type of T cell receptor (TCR), response to glycolipid
antigen, and CD1d dependence during development, NKTs can be
divided into three types: type I, type II, and type III NKTs. Type I
NKTs, also known as invariant NKT cells (iNKTs), express the
constant TCRα chain, co-expressed the Vβ chain, and are activated
by the α galactose amide delivered by the CD1d molecule. iNKTs
account for 95% of the total number of lymphocytes in the liver. The
narrow definition of NKTs refers to iNKT cells (Wang and Yin
2015), which are also the cell types that we summarize here. After
activation, the NKTs release proinflammatory cytokines and interact
with other types of innate immune cells (Nilsson et al., 2020). NKTs
can not only kill target cells directly but also produce a variety of
cytokines, thus playing an important role in liver injury, liver fibrosis,
liver regeneration, and the occurrence and development of liver
cancer (Gao et al., 2009). Similar to NKs, the activation of NKTs also
exerts an antifibrosis role by directly killing partially activated HSCs
and rapidly secreting IFN-γ to induce apoptosis of HSCs
(Ravichandran et al., 2019). Activated HSCs usually have high
expression of NKG2D (natural killer group 2 member D) ligand
Rae1(retinoic acid early inducible 1), IL-30 stimulates the high
expression of NKG2D in NKTs, and NKTs eventually kill the
active HSCs and improve liver fibrosis by combining nKG2D-
RAE1 with highly specific targeted activated HSCs (Mitra et al.,
2014).

Previous studies have suggested that autophagy is deeply involved
in the development and maturation of NKTs. By deleting the
expression of ATG7, an important gene in autophagy flux
formation, the thymic NKT development is blocked at the very
early stage, which is different from conventional T cells. Meanwhile,

during the NKT differentiation, the phenomena of autophagy
significantly increase (Salio et al., 2014). If autophagy was blocked
by deleting ATG5 or ATG7, the number of NKTs is significantly
reduced, and the function of NKTs is disrupted (Pei et al., 2015).

The function of autophagy in NKTs, which is also involved in the
progression of liver fibrosis, is lacking investigation. However, we
can assume that the proper existence of autophagy in NKTs will
promote their maturation and facilitate the function of killing HSCs.

4 CONCLUSION AND PERSPECTIVE

To date, emerging evidence has proven that innate immunity
plays an important role in liver fibrosis. Activation of HSCs and
the remodeling of the hepatic microenvironment by the
accumulation of the ECM are essential to the initiation and
progression of liver fibrosis. The innate immune cells, such as
Kupffer cells, NK cells, NKT cells, and neutrophils, are essential to
prevent fibrosis by either directly attacking HSCs or releasing
cytokines to facilitate the apoptosis of HSCs, consequently
maintaining homeostasis in the liver (Table 1). However, the
M2 type of Kupffer cells and DCs generally contribute to the
progression of liver fibrosis. For these innate immune cells, the
proper activation of autophagy is beneficial to their maturation
and biological function, such as the production of cytokines.

Due to the complication of innate immune cell types and their
functions in fibrosis, the function of autophagy depends on innate
immune cells. The functions of autophagy are various in cells. For
most of the immune cells, the proper extent of autophagy can
promote their development and maturation, while excessive
autophagy will cause a sharp decrease. Thus, for some innate cell
types, such as M1 type of Kupffer cells, NK cells, NKT cells, and
neutrophils, the appropriate degree of autophagy can promote their
development and maturation, which finally exert the function of
antifibrosis; however, the pathological autophagy of these cells can
enhance the progression of liver fibrosis. Nevertheless, the agents
that trigger autophagy in the M2 type of Kupffer cells and DCs are
beneficial to patients suffering from liver fibrosis.

Given the complicated conditions of innate immune cells and
autophagy, the therapeutic strategy which targets autophagy in
innate immune cells is difficult. In the future, accurate
determination of innate cell types in the liver is important

TABLE 1 | Relationship between major innate immune cells and autophagy in liver fibrosis.

Cell type Interaction with autophagy Role in fibrosis References

Kupffer
cells

KC autophagy limits IL1A and IL1B
secretion

Reduce HSC activation to a certain extent and limit the progression of liver
fibrosis

Cai et al. (2018); Lodder et al.
(2015)

Neutrophils Neutrophil autophagy increases sensitivity
of damaging factors

Increase neutrophil scavenging or damaging factors and attenuates
progression of liver fibrosis

Calvente et al. (2019); Park et al.
(2017)

DCs Autophagy positivity results in DC activity Hyperactivation of DCs may be a contributing factor to the inflammatory
microenvironment of HSCs, further leading to fibrosis progression

Oh and Lee, (2019); Blois et al.
(2014)

NKs Proper activation of autophagy is critical to
maturation of NKs

NKs exert potent function in antifibrosis Luci et al. (2019); Huang et al.
(2019)

NKTs Blocking autophagy causes NKT function
disruption

Activation of NKTs can directly kill partially activated HSCs and rapidly
secreting IFN-y to induce apoptosis of HSCs

Ravichandran et al. (2019); Pei
et al. (2015)
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before using drugs to stimulate or inhibit autophagy. Meanwhile,
immunomodulators in clinical operations should be taken into
consideration in the therapy of liver fibrosis.

In summary, the observations in the review strongly support
the conclusion that autophagy is crucial for the morphological
and biological function of the innate immune system in the liver
to prevent the initiation and progression of hepatic fibrosis.
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