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Abstract: The incidence of liver disease continues to rise, and liver fibrosis, as the early stage of
cirrhosis and liver cancer, has attracted much attention. Hedgehog (Hh) signaling pathway plays a key
role in the progression of liver fibrosis. In the process of liver fibrosis, Hh signaling pathway is
involved in several key pathological links. It can regulate the activation, proliferation and apoptosis of
hepatic stellate cells (HSC), affect the remodeling of hepatic blood vessels, regulate the function of
inflammatory cells and inflammatory response, promote the proliferation of hepatic progenitor cells
and epithelial-mesenchymal transdifferentiation (EMT). Many studies have shown that Hh signaling
pathway is a potential therapeutic target for liver fibrosis, and related inhibitors have been shown to
be effective in animal and cell experiments, but the precise mechanism of this pathway in liver fibrosis
is still not fully understood, and the results of clinical trials are not clear. In the future, in-depth
exploration of the role of Hh signaling pathway in the occurrence and development of liver fibrosis and
the injury mechanism to achieve safe and effective regulation of it is of great significance to optimize
liver regeneration and prevent liver fibrosis deterioration, and is expected to provide a reliable basis
for the clinical treatment of liver fibrosis.
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1. Introduction

Liver disease has always been a major health problem in the world, and its incidence is increasing
year by year. According to authoritative epidemiological data, about hundreds of millions of people
worldwide are affected by different types of liver diseases, and the number of deaths from liver
diseases is as high as millions every year!!l. As the key pathologic process of liver cirrhosis and liver
cancer, liver fibrosis plays an extremely important role in this disease spectrum. Liver fibrosis is a
repair response to chronic liver injury, but when the repair mechanism is out of control and a large
amount of extracellular matrix is over-deposited in the liver, it will lead to serious damage to the
structure and function of the liver!.. It not only seriously affects the quality of life of patients, but also
greatly increases the risk of patients developing cirrhosis and liver cancer, which in turn significantly
reduces the life expectancy of patients'™ 4.

In recent years, a large number of studies have shown that Hedgehog (Hh) signaling pathway is
deeply involved in the activation and proliferation of hepatic stellate cells, the aggregation of
inflammatory cells, and vascular remodeling, which are closely related to liver fibrosis™ €. Its
abnormal activation is often associated with the occurrence and development of liver fibrosis. In view
of this, this paper will conduct a comprehensive review of the role of Hh signaling pathway in liver
fibrosis, aiming to deeply analyze its internal mechanism, provide a solid and reliable theoretical basis
for clinical treatment of liver fibrosis, and help develop more effective treatment strategies to improve
the prognosis of patients with liver fibrosis.

2. Hedgehog signaling pathway

Hh protein is a highly conserved secreted glycoprotein found in Drosophila melanoglypha and
widely present in multiple species!”. It covalently binds cholesterol and encodes a segmented polar
gene, named after a mutation in this gene in fruit flies that causes the embryo to be spiny like a
hedgehog!®. In mammals, there are three homologous genes encoding Shh, Dhh and lhh proteins, all
containing Hh-N and Hh-C domains. Hh-c and HH-N are produced in the endoplasmic reticulum by
self-shearing and lipid modification of Hh precursor protein. Hh-c binds cholesterol to transfer to the
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carboxyl terminal of HH-N, and the amino terminal of HH-N is palmitoylated to generate 19 kD active
HH-N activation signal pathway!!.

There are two kinds of transmembrane proteins, Ptch and Smo, on the membrane of Hh signal target.
Ptch is encoded by tumor suppressor genes, has 12 transmembrane segments, and its sterol sensing
domain can sense cholesterol!!?). Humans have Ptch1 and Ptch2, encoding proteins that can bind to Hh
ligands. Smo is encoded by proto-oncogene and homologous with G protein-coupled receptor, which is
essential for signal transduction and maintenance of embryonic development!'!. Abnormalities are
associated with cancer. Seven transmembrane amino acid sequences were conserved outside the
N-terminal cell and inside the C-terminal cell, and the C-terminal was the phosphorylation site. Smo
exerts the promoter function in full length, and C-terminal hydrolysis inhibits transcription!!2!,

The Gi family of mammals contains three subtypes of Gil, Gli2 and Gli3, which are multifunctional
transcription factors and contain five tandem zinc finger structures!'’l. The C-terminal has a
transcriptional excitatory region, the N-terminal promotes intracellular transfer, Gli2 and Gli3 are
hydrolyzed by proteasome, and the N-terminal has a transcriptional inhibition region, which has dual
functions!'¥. In addition, Hh signaling pathway is regulated by many factors. The silk/threonine protein
kinase Fu promotes signal transduction, Hhip and Ptch competitively bind Hh ligands to inhibit signal
transduction, and other endogenous factors such as Cos2, SuFu and PKA also inhibit signal
transduction!'>,

3. Correlation of Hedgehog signaling pathway with normal liver

Hh signaling pathway is important for liver production, but its role has not been fully defined. It has
been reported that Hh ligands are highly expressed in the ventral foregut endoderm, which can produce
liver buds, while Shh and Glil expressions disappear when liver buds are formed!'®). In embryonic liver
development, Hh signal has instantaneous activation potential, and has different or even contradictory
effects at different stages, so it is necessary to strictly regulate ligand expression and pathway
activation to ensure normal development. Knockout Hh signal pathway can lead to embryo death!7],

In normal adult liver, Hh signaling pathway is silent. Studies have shown that the expression of Hh
ligand and Gli gene is basically absent in hepatocytes of healthy adult livers. Quiescent hepatic stellate
cells (Q-HSC) produce Hhip, which inhibits Hh ligand binding to Ptch receptors!!®). Ptch is rarely
expressed in mature hepatocytes, but expressed in bidirectional progenitor cells. Hh signaling pathway
activity is gradually inhibited when it differentiates into mature hepatocytes!®l. Evidence shows that the
activity of low level Hh pathway fluctuates rhythmically with physiological changes, regulates the level
of Gli factor in liver cells, and regulates liver metabolism. However, it has also been reported that
mammalian livers may be influenced by and respond to extrahepatic Hh ligands!**’.

4. Role of Hedgehog signaling pathway in liver fibrosis

In the course of acute and chronic liver injury, Hh ligands can be expressed in many cells in the
liver to activate the Hh signaling pathway, and the degree of activation is positively correlated with the
severity and duration of liver injury!'”. Studies have shown that Hh signaling pathway activation is
essential for the regeneration and repair of damaged liver, and it is a common signaling pathway for
different factors to trigger liver repair and reconstruction®. Liver fibrosis is the intermediate link of
the protracted outcome of acute and chronic liver disease, the repair response of the body to chronic
liver injury, and the common pathological change of chronic liver disease.When the liver is injured,
hepatic stellate cells (HSC) are activated and secrete a large amount of extracellular matrix (ECM),
resulting in thickening of the diaphragm and accumulation of collagen, leading to liver fibrosis!?!l.
Hepatoprogenitor cells migrate to the liver parenchyma after activating a large number of proliferation,
which will destroy the normal liver tissue structure and may even lead to liver fibrosis and cirrhosis.
Epithelial-mesenchymal transdifferentiation (EMT) occurs in cells with epithelial cell phenotype under
the stimulation of various factors, which also promotes the development of liver fibrosis??. In the
development of fibrosis, vascular structure is often changed, and vascular remodeling often precedes
the formation of fibrosis. In addition, inflammatory cells in the liver promote the occurrence and
development of liver fibrosis by producing inflammatory cytokines and chemokines, which is one of
the core factors in the initiation of liver fibrosis. At the same time, the activity level of Hh signaling
pathway was significantly correlated with the stage of liver fibrosis!?l.
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4.1. Hedgehog signaling pathway is involved in the activation of hepatic stellate cells

Hepatic fibrosis is a common key pathological process of various chronic liver diseases, in which
the abnormal activation of hepatic stellate cells (HSC) is the core link. HSC activation is regulated by
many signaling pathways, and Hh signaling pathway may be the most prominent direct and paracrine
inducer of HSC activation. Some scholars have isolated and cultured the primary HSC of mice, rats and
humans, and found that HSC can express Shh, Ptch, Smo, Gli and other related factors in Hh signaling
pathway. In the development of liver fibrosis, Hh signaling pathway plays a regulatory role in the fate
of HSC. In vitro studies have shown that Smo small molecule inhibitors can effectively inhibit the
activation of HSC. Moreover, direct interference with Gli gene expression can also hinder HSC
activation!!%, In vivo, it was also found that in CCls and biliary ligation induced rat hepatic fibrosis,
activation of the Hh signaling pathway led to the aggregation of HSC-derived myofibroblasts (MFs),
which promoted the fibrosis process and aggravated the degree of hepatic fibrosis in rats. In contrast,
when mice were given Smo agonists, stationary HSCS were activated and differentiated into fibrotic
phenotypic cells??¥. The study of hepatic HSC metabolism gene expression by microarray revealed that
Hh pathway regulates HSC activity by regulating HSC energy metabolism(®!. In conclusion, activation
of Hh signaling pathway can promote the activation of HSC, while inhibition of the activity of this
pathway can inhibit the activation and proliferation of HSC, and promote its apoptosis. This indicates
that Hh signaling pathway is not only a potential new target for the treatment of liver fibrosis, but also
an important indicator for the diagnosis and treatment of liver fibrosis.

4.2. Hedgehog signaling pathway is involved in liver vascular remodeling

Pathological angiogenesis and hepatic sinus vascular remodeling are directly related to the degree
of liver fibrosis, and have a significant impact on the treatment and prognosis of liver fibrosis. It is
generally believed that primary cilia are not expressed in normal hepatic sinusoidal endothelial cells
(LSEC), so the classical Hh signaling pathway cannot be activated. Only under the condition of
continuous increase of hydrostatic pressure, endothelial cells will transform into ciliated state?®!. The
activation of the Hh pathway can result in phenotypic changes of hepatic sinusoidal endothelial cells,
loss of fenestrum, and then capillarization and vascular remodeling, eventually leading to portal
hypertension!?”). In addition, when liver fibrosis occurs, activated hepatic stellate cells (HSC) around
hepatic sinusoidal endothelial cells and proliferating hepatic progenitor cells are capable of producing
Hh ligands. Other studies have shown that LSEC capillarization can be inhibited by regulating the Hh
signaling pathway of hepatic sinusoidal endothelial cells in a mouse model of liver injury®®. In a study
of mouse liver fibrosis models induced by CCls, it was also found that HIF-1a, a driver of new blood
vessel formation and a target gene of the Hh signaling pathway, plays an important role in liver fibrosis
generation and liver injury®). In view of the extensive existence of angiogenesis in liver fibrosis
induced by different factors, in-depth study of the mechanism of Hh signaling pathway on angiogenesis
in the pathological process of liver fibrosis will help to comprehensively and deeply explore the
pathological mechanism of the occurrence and development of liver fibrosis, and open up new
perspectives and ideas for the treatment of liver fibrosis.

4.3. Hedgehog signaling pathway is involved in the inflammatory process

Hh signaling pathway also plays a key role in the inflammatory response. When inflammation
occurs, cytokines and inflammatory mediators released by damaged tissues and immune cells activate
the Hh signaling pathway. For example, in infectious inflammation, pathogen-associated molecular
patterns bind to immune cell receptors, triggering intracellular cascade reactions that promote
upregulation of Hh ligand expression?”), The activation of Hh signaling pathway has a significant
effect on inflammatory cells. Taking macrophages as an example, in vitro experiments have shown that
Hh ligand inhibitors on liver macrophages can inhibit their anti-inflammatory M2 type polarization,
highlighting the regulatory role of this pathway on macrophage polarization®®l. The Hh signaling
pathway also affects other inflammatory cells. In a rat model of nonalcoholic fatty cirrhosis, its
activation recruits, maintains, and promotes NK cell proliferation and promotes fibrotic progression.
Studies have shown that activation of this pathway can promote the proliferation of locally
pro-fibrogenic NK cells®!. In addition, Hh pathway can regulate NKT cells in mouse primary and
human peripheral blood. Shh ligands promote the activation, proliferation and differentiation of NKT
cells, inhibit their apoptosis, stimulate the expression of pro-fibrocyte IL-13, and promote the formation
of nonalcoholic fatty liver fibrosist®?. In tissue repair after inflammation, Hh signaling pathway can
promote the proliferation and differentiation of fibroblasts, promote the synthesis and secretion of
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extracellular matrix, and help the reconstruction of damaged tissues. It can also stimulate the
proliferation of vascular endothelial cells and angiogenesis, provide nutrients and oxygen to the repair
site, and accelerate the healing process. However, excessive or abnormal activation of Hh signaling
pathway may lead to chronic inflammation and tissue fibrosis.

4.4. Hedgehog signaling pathway is involved in the proliferation of hepatic progenitor cells

Hepatic progenitor cells (HPCs) are static cells that are activated during liver injury and can
differentiate into hepatocytes or bile duct epithelial cells to repair the damaged liver. Normal adult liver
contains a small number of hepatoprogenitor cells, mainly concentrated in Hering's canals. The severity
of hepatic fibrosis is closely related to the activation of hepatic progenitor cells. When the liver is
damaged, liver progenitor cells are activated and proliferated to supplement the damaged liver cells and
help the liver to repair and regeneratel®]. Hh signaling pathway is critical in this process. In normal
liver tissue, the activity of this pathway is low. After liver injury stimulation, damaged cells release a
variety of signaling molecules, change the microenvironment, and activate Hh signaling pathway.
Activated cells in Hering's canals express ligands, receptors, transporters, and transcription factors of
the Hh signaling pathway. Hepatic progenitor cells are Hh effector cells, and Hh ligands can inhibit
apoptosis and promote proliferation. Moreover, the proliferation, apoptosis, migration and
differentiation of hepatic progenitor cells all depend on the regulation of Hh signaling pathway. The
activation of Hh signaling pathway affects the proliferation of hepatoprogenitor cells through complex
mechanisms®!!. On the one hand, it up-regulates the expression of related transcription factors, acts on
the gene regulatory region of hepatoprogenitor cells, promotes the expression of proliferation-related
genes such as cyclin, promotes the hepatoprogenitor cells to enter the division phase, and accelerates
the proliferation. On the other hand, it regulates the composition and structure of extracellular matrix,
promotes the change of collagen, fibronectin and other components, creates a suitable
microenvironment for the proliferation of liver progenitor cells, and collaborates with cell surface
receptors to promote their massive proliferation’®”). Therefore, inhibiting Hh signaling pathway is
expected to be an ideal target for delaying or reversing liver fibrosis.

4.5. The Hedgehog signaling pathway is involved in epithelial-mesenchymal transdifferentiation

Epithelial-mesenchymal transdifferentiation (EMT) is a process in which epithelial cells lose their
epithelial characteristics and gain their mesenchymal characteristics. EMT plays an important role in
tissue and organ construction during embryonic development, but abnormal EMT plays a key role in
the field of disease, especially in the process of tissue fibrosis. HSC activation is the main factor that
causes EMT, and epithelial phenotypic cells such as hepatic progenitor cells, bile duct epithelial cells
and sinusoidal endothelial cells can also produce EMTP¢. Under normal conditions, the intracellular
Hh signaling pathway activity is stable. However, this pathway is activated when the cell
microenvironment is affected by changes in inflammatory factors, growth factors, or extracellular
matrix. In adult liver injury repair, it has a significant effect on the occurrence and development of
EMT. For example, static hepatic stellate cells (Q-HSC) overexpress Hh endogenous inhibitor Hhip.
After inhibiting Hhip, Shh expression in HSC is increased, and Hh signaling pathway is activated.
EMT is triggered by down-regulating epithelial cell markers and up-regulating interstitial cell marker
gene expression. After Q-HSC activation and differentiation into myofibroblasts, Hh signaling pathway
inhibitor cyclopamine was applied to activated HSC, which could reduce the expression of phenotypic
markers in mesenchymal cells, restore the expression of phenotypic markers in epithelial cells, and
effectively inhibit EMT transformation. In addition, the Hh signaling pathway activates bile duct cells
and fibroblasts, which can aggravate liver fibrosis®®7l. Studies of patients with chronic biliary stasis
liver disease and the rat model of bile duct ligation with fibrosis found that the continuous activation of
Hh signaling pathway promoted bile duct epithelial cells to develop EMT, a large number of
myofibroblasts accumulated, and promoted the development of liver fibrosis*®l. In conclusion,
activation of Hh signaling pathway is an important cause of EMT when liver fibrosis occurs. Further
study of this mechanism is helpful to explore the pathogenesis of liver fibrosis and provide theoretical
basis for the development of anti-liver fibrosis treatment strategies.

5. Conclusion and prospect

The high incidence and mortality of liver diseases worldwide highlights the urgent need for
effective prevention and treatment of liver diseases such as liver fibrosis and cirrhosis. The liver
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initiates a similar wound-healing response to different injuries. However, when this repair process gets
out of control and scar formation replaces normal healing, liver fibrosis occurs. More and more studies
have shown that Hh signaling pathway plays a multi-faceted regulatory role in wound healing response.
Abnormal activation of the pathway can not only promote the activation of HSC, lead to the
capillarization and vascular remodeling of hepatic sinusoidal endothelial cells, but also stimulate the
secretion of pro-fibrotic cytokines by inflammatory cells. In addition, Hh ligands can stimulate specific
cells, such as immature liver epithelial cells, to proliferate and differentiate into mesenchymal cell
phenotypes, thereby driving the fibrotic process. Therefore, effective intervention of Hh signaling
pathway is expected to delay liver fibrosis and is a potential therapeutic target.

However, the exact mechanism of Hh signaling pathway in hepatic fibrosis has not been fully
clarified. Moreover, the moderate activation of Hh signaling pathway is the embodiment of the body's
physiological defense, but once excessive or continuous activation, it will lead to liver fibrosis and
other liver diseases. Hh signaling pathway inhibitors, such as cyclopamine, have been shown to have
significant effects on liver injury diseases in animal and cell experiments, but their clinical trial results
are still unclear. In order to apply Hh signaling pathway as a therapeutic target to clinical treatment of
liver fibrosis, it is necessary to further explore its role in the occurrence and development of liver
fibrosis, further elucidate its mediated liver fibrosis injury mechanism, and achieve safe and effective
regulation of Hh pathway, so as to optimize the regeneration process of damaged liver and prevent the
deterioration of liver fibrosis.
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