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Summary

Cholestasis is a pathological process in which bile drainage is poor for a variety of reasons.
Many studies have shown that cholestatic liver injury is a neutrophil-mediated inflammatory
response, and oxidative stress induced by neutrophils is the main mechanism of liver cell
death. The literature summarizes the bile acid signaling pathway, the neutrophil chemotaxis
recruitment process during cholestasis, and the oxidative stress damage produced by
neutrophil activation, summarizes the latest research progress. Sphingosine-1-phosphate
receptor (S1PR) is a potential therapeutic target for cholestasis that reduces neutrophil
aggregation without inhibiting systemic immune status. Early growth response factor 1 (Egr-
1) may play a central role in the inflammation induced by cholestasis, and it is also a potential
therapeutic target to inhibit the inflammation induced by cholestasis. Strengthening the
antioxidant system of hepatocytes to cope with oxidative stress of neutrophils is a feasible
treatment for cholestatic liver injury.

Keywords: Cholestatic liver injury, sphingosine-1-phosphate receptor, early growth response factor 1,
inflammatory response, oxidative stress

1. Introduction

Cholestasis is a pathophysiological state in which bile
duct obstruction or hepatocyte surface bile salt export
pump (BSEP) function is inhibited by various reasons.
Under normal circumstances, bile acids synthesized in
hepatocytes are excreted into the bile duct through the
bile duct of hepatocytes, and finally collected into the
common bile duct to the duodenum, and only a small
amount of bilirubin and bile acid are present in the
blood (7). Under pathological conditions, bile drainage
causes bile acids and their bound bile salts to accumulate
in hepatocytes and serum. Higher levels of bile acids,
such as glycochenodeoxycholate (GCDC), have larger
toxicity, which induces apoptosis by directly interfering
with mitochondrial function or directly causes cell death
(2). If pathological obstructive factors are not removed
in time, liver fibrosis and cirrhosis will eventually

Released online in J-STAGE as advance publication February
27,2019.

*Address correspondence to:

Dr. Yiming Li, Department of General Surgery, Second
Affiliated Hospital of Xi'an Jiaotong University, 157 West 5th
Road, Xi'an 710004, People's Republic of China.

E-mail: liyimingdoc@163.com

occur (3). Patients with cholestasis for a long time and
severe jaundice will reduce the indication and success
rate of operation for primary diseases, and increase
the incidence of postoperative complications. With
the further development of the disease, the damage of
liver function is aggravated, and even multiple organ
failure such as liver, kidney, brain and lung occurs
after operation (4). However, how cholestasis causes
liver damage has always been the focus of researchers'
attention (5). At present, there is still a lack of effective
treatment for cholestatic liver injury. Therefore, it
is of great significance to study the pathogenesis of
cholestatic liver disease and find potential therapeutic
targets for hepatocyte injury. Many animal models of
obstructive cholestasis have confirmed that infiltration of
inflammatory cells (mainly neutrophils) at sites of hepatic
necrosis is a prominent feature of cholestatic liver injury.
Ursodeoxycholic acid (UDCA) has been the first-line
treatment for cholestatic hepatitis, but some patients have
no response to UDCA treatment or even have increased
jaundice after treatment. Inhibiting inflammation,
controlling oxidative stress, and searching for specific
pathways and therapeutic targets are currently the
research hotspots for cholestatic liver injury. At present,
the mechanism of cell death caused by cholestasis has
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been studied in depth, summarizing the current research
situation and providing a new therapeutic target for the
treatment of cholestatic hepatitis.

2. The role of bile acids and bilirubin in cholestasis
2.1. Most bile acids are non-toxic to hepatocytes

Some bile acids or bile salts such as GCDC are highly
toxic, but in vivo tests in rodents have shown that bile
acids are non-toxic even when the bile acid accumulated
during cholestasis reaches a micromolar concentration.
In vivo experiments with cholestasis can be observed
that when exposure of individual hepatocytes to serum
and bile with bile acids, most bile acids are not toxic
unless metabolized to toxic hydrophobic bile acids such
as GCDC or Lithocholic acid (LCA) (6).

2.2. Antioxidation of unconjugated bilirubin

Unconjugated bilirubin (UCB) is an antioxidant with
physiological antioxidant effects (7). Traditional
liver freezing-resuscitation process during liver
transplantation can cause damage to liver cells. It has
been reported that after liver transplantation with UCB,
liver function is significantly improved compared with
untreated liver. UCB may be a potential clinical A cell
protectant for liver transplantation. This shows that the
antioxidant effect of UCB has a certain protective effect
on hepatocytes during cholestasis (8).

2.3. Interaction of bile acids with bilirubin

Both bile acids and bilirubin are biomarkers of
cholestasis, but their roles are diametrically opposite.
Bile acid recruits concentrated granulocytes through the
bile acid signaling pathway, causing a large amount of
neutrophils to infiltrate in the liver tissue, and damaging
the liver tissue through oxidative stress; while UCB
is a physiological antioxidant, which can resist bile
acid toxicity to a certain extent. In animal models of
obstructive cholestasis, hepatic histopathology shows
significant oxidative stress damage, which may be
related to the toxic effect of bile acids on the liver,
which reduces intracellular UCB levels, thereby making
hepatocytes susceptible to oxidative stress damage (9).

3. Neutrophil-mediated inflammatory response
exists in common animal models of cholestasis

At present, the representative model of extrahepatic
cholestasis induction is the bile duct ligation (BDL)
model. The representative model of intrahepatic
cholestasis induction is alpha-naphthylisothiocyanate
(ANTI)-induced cholestasis. Depending on the cause
of cholestasis, there are differences between different
animal models, but neutrophil-mediated inflammatory

responses are considered to be a common pathogenesis
of multiple cholestasis models (/0,11).

4. Inflammatory response is the damage mechanism
of cholestatic liver injury

4.1. The role of neutrophils in cholestasis

For humans and mice, neutrophils are the most important
cellular components of the innate immune system. Liver
histopathology showed a large amount of neutrophil
infiltration in the necrotic area during cholestasis,
suggesting that neutrophils play an important role in liver
injury caused by cholestasis.

Experiments showed that after 3 days in the wild-type
mouse BDL model, ICAM-1 expression levels increased
along the hepatic sinus, portal vein, and hepatocytes, and
neutrophils accumulated in large amounts, accompanied
by a sharp rise in serum ALT and severe cell necrosis
(12). The serum ALT level of ICAM-1 deficient rats was
67% lower than that of wild type mice, the degree of cell
necrosis was significantly reduced, and the total amount
of neutrophil infiltration in liver tissues was significantly
reduced, 85% of which was still in hepatic sinusoids (/3).
The anti-inflammatory effects of glucocorticoids have
protective effects on liver damage in BDL model mice.
This indicates that a large amount of neutrophils infiltrate
during obstructive cholestasis, and reducing neutrophil
aggregation can help reduce liver damage caused by
cholestasis.

Neutrophils express myeloperoxidase, which
catalyzes the production of large amounts of
hypochlorous acid, which kills liver cells by strong
oxidation. Immunohistochemistry confirmed that
3-chlorotyrosine-protein complex staining was positive
in hepatic necrotic tissue during cholestasis, indicating
that neutrophils in the hepatic necrosis area release
highly toxic hypochlorous acid, leading to hepatocyte
death (/4).

Other cells in the innate immune system also play
an important role in cholestasis. Kupffer cells are
thought to have protective effects against cholestatic
liver damage. Experiments showed that the serum
transaminase level of Kupffer cells or IL-6 deficient
mice was significantly higher than that of normal mice
after the BDL model. Histopathology suggested that
inflammatory cell infiltration, bile duct proliferation and
hepatocyte necrosis were more significant than normal
mice. Kupffer cells extracted from the liver of normal
BDL model mice were cultured, and IL-6 expression
levels were significantly increased (/5). This indicates
that the protective effect of Kupffer cells on liver during
cholestasis is achieved by a IL-6-mediated cytokine-
dependent protection mechanism.

4.2. Novel mediators that recruit neutrophil
aggregation during cholestasis
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Neutrophil-mediated inflammatory response is the main
mechanism of liver damage during cholestasis, so the
study of specific signaling pathways for concentrated
neutrophil aggregation during cholestasis has brought
new therapeutic targets for the treatment of cholestatic
liver injury. In recent years, studies have found that
receptors recognize damage-associated molecular patterns
(DAMPs) and thereby activate immune cells, ultimately
stimulating a sterile inflammatory response (/6).

DAMPs are rapidly released from damaged or
necrotic tissue and can also be released by certain
activated immune cells, such as mitochondrial DNA,
nuclear DNA fragments or ATP (/7). DAMPs can
be considered as biomarkers for clinical detection of
injury. Once DAMPs are released into the blood, the
damage can be reflected indirectly by detecting markers
in the serum. DAMPs activate cells expressing pattern
recognition receptors (PRRs) in the innate immune
system, elicit an innate immune response, and initiate an
adaptive immune response either directly or indirectly.
A variety of DAMPs have been discovered, including
high mobility group protein box (HB1), heat shock
protein (HSP), uric acid crystals, and hepatomaderived
growth factor (HDGF). ) etc. (18). Among the most
important PRRs are Toll-like receptors (TLRs), which
are a class of transmembrane receptors with a wide
distribution. TLR4 is an important PRR that mediates
signal transduction (/6).

HMGBI is a DNA-associated histone deacetylase
that is transferred to the cytosol when cells are damaged.
Cell necrosis due to cholestasis can cause HMGBI to
be released into serum within 6 hours after liver injury.
The acetylated HMGBI1 secreted by macrophages acts
as a pro-inflammatory signal to promote inflammatory
responses and is also an effective chemokine for
the recruitment of concentrated neutrophils during
cholestasis (/9). As a receptor for recognizing
DAMPs, TLR expression is significantly up-regulated
in patients with chronic cholestasis. Activation of
TLR by immune cells in the liver of PBC stimulates
local NK cells to attack and kill capillary bile ducts.
Experiments have confirmed that blocking the TLR4
signal transduction pathway or blocking HMGB1 with
neutralizing antibodies in the ischemia-reperfusion
model can effectively inhibit the production of aseptic
inflammation (20).

Osteopontin (OPN) is a recently discovered
molecule that has chemotactic effects on neutrophils
during cholestasis (2/). OPN is a pleiotropic protein
that can play different roles in different cells (22).
Secreted OPN binds to the integrin receptor and acts
as a chemokine. Under normal conditions, OPN is
expressed in biliary epithelial cells, whereas in chronic
liver injury, hepatocytes induce the expression of OPN.
Animal experiments show that OPN-/- mice can inhibit
neutrophil recruitment and anti-BDL-induced liver
injury in the early stage of the experiment, but this

protection is temporary, and the BDL model can show
similar liver injury like wild type after 72 hours, which
may be related to the production of other chemokines
and induction of neutrophil recruitment (23).

Therefore, it is difficult to achieve long-term
protection against the liver by inhibiting one of the
chemokines. At present, a feasible solution is to inhibit
the upstream signaling pathway to activate the immune
system or prevent neutrophil-mediated oxidative stress
damage, thereby achieving the purpose of alleviating
or even eliminating the liver damage caused by the
inflammatory reaction.

4.3. Inflammatory stress mediated by the innate immune
system during cholestasis

Neutrophils exert cytotoxic effects mainly by producing
reactive oxygen species (ROS)(24). Under normal
conditions, ROS is produced by mitochondrial respiration
and detoxification by intracellular antioxidants. Innate
immune cells such as neutrophils produce a large
amount of highly toxic ROS to kill hepatocytes during
aseptic inflammation. Neutrophils are infiltrated in the
liver parenchyma after activation, releasing these toxic
mediators to directly kill liver cells. According to reports
in the literature, cytokines, chemokines, complement, and
even HMGBI, and bile acids can activate neutrophils.
Activated neutrophils adhere to target cells via CD 18-
ICAM-1 interaction, triggering persistent adhesion-
dependent oxidative stress damage (25).

Neutrophils produce hypochlorous acid (HCIO)
through a series of biochemical reactions. As a strong
oxidant, hypochlorous acid can bind to various
components in cells and kill cells. It is now known
that HCIO can bind to DNA and proteins, especially to
proteins. The combination of sulthydryl groups further
produces toxic chloramines. Exposure of hepatocytes
to ROS can impair mitochondrial function, leading to
cell death. Experiments have shown that if a cyclosporin
analog, such as NIM-811, is used to ablate mitochondrial
permeability transition pores, it can counteract early
damage to BDL and produce a protective effect (26). In
addition, the addition of intracellular antioxidants, such
as reduced glutathione, can also produce protection.

Although Kupffer cells can produce oxygen free
radicals in the liver ischemia-reperfusion model,
oxidative stress is mainly caused by neutrophils during
cholestasis. When the number of Kupffer cells is
reduced, the damage is aggravated, because the amount
of protective cytokine protein produced by Kupffer cells
is also decreased.

Based on the above studies, we can find that bile
acid can agglomerate neutrophils by increasing ICAM-
1 expression level in cholestasis. Neutrophils produce
myeloperoxidase, catalyze the production of a large
amount of HCIO, and kill hepatocytes by strong
oxidation. Inflammation-induced cell damage can
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produce DAMPs, such as acetylated HMGB1 and TLR4,
and then further recruit centralized granulocytes, which
can amplify the inflammatory response and further
damage the liver cells. Therefore, strengthening the
hepatocyte antioxidant system to cope with neutrophil
oxidative stress is also a feasible treatment.

In recent years, many scholars have found new drugs
and new targets for the treatment of cholestatic liver
injury. We searched the existing literature and summarize
the new therapeutic drugs and related molecular
pathways and therapeutic targets. As shown in Table 1,
many drugs and pathways are involved, but the main
ways of action are anti-inflammation, anti-oxidation and
anti-fibrosis (27-51).

5. Bile acid signaling pathway and its relationship
with the innate immune system

5.1. Genetic changes caused by cholestasis

Choles deposition induces many genes in liver cells to
change (52). In the BDL model, hepatocytes rapidly up-
regulate exporter transporters, such as the multidrug
resistance (Mdr) transporter family and BSEP (53),
while down-regulating uptake transporters, especially
sodium taurocholate cotransporting (sodium taurocholate
cotransporting) Polypeptide, Ntcp), aims to reduce
the accumulation of bile salts in the liver (54). Post-
transcriptional regulation of BSEP results in an overall
down-regulation of hepatocyte activity. This series of
changes may be an intrinsic regulation process to reduce
bile acid emissions into bile after obstruction of bile
drainage. In the Mdr-deficient mouse model, it was
observed that BSEP mRNA levels increased gradually
after birth, but BSEP protein expression levels decreased
significantly (55). This compensatory change is to
protect the liver cells from the damage caused by the
accumulation of bile and to promote the bile acid into the
blood and then filter through the urine.

5.2. Endogenous Bile Acid Nuclear Receptor - Farnesol
Receptor

The hepatoenteral circulation, bile acid synthesis and
metabolic processes of bile acids after cholestasis are
automatically regulated by changes in the endogenous
bile acid nuclear receptor, Farnesoid X Receptor (FXR).
Bile acids act as ligands to activate FXR, up-regulating
or down-regulating the expression of these genes by
CYP7A1, a rate-limiting enzyme in the classical bile
acid synthesis pathway (56). FXR is considered to be
an important response element for bile acids during
cholestasis. FXR-/- mice are unable to up-regulate BSEP
expression and therefore cannot increase bile secretion or
tolerate more damage caused by cholestasis (57).

At present, obeticholic acid is an FXR agonist with
great potential in the clinical trial of primary biliary

cirrhosis (PBC). Clinically, UDCA is the first-line
treatment for patients with PBC, but some patients have
poor or no response to UDCA. Alkaline phosphatase,
y-glutaminotransferase and alanine aminotransferase
in the serum of these patients were all decreased after
treatment with obenzolic acid, indicating that obeticholic
acid has a positive effect on protecting liver cells, bile
duct epithelial cells and resisting PBC-related liver
damage (58).

In the BDL model-induced complete biliary
obstruction, the first-line use of cholestasis-induced liver
injury, UDCA, may result in more severe liver damage,
as the biliary drug UDCA increases biliary pressure and
aggravates biliary infarction (59,60). However, patients
often do not show an increase in injury when taking the
drug. On the one hand, the therapeutic dose is small,
and UDCA has a protective effect on mitochondria (61).
Therefore, the value of the BDL model in testing the
therapeutic effect of cholestatic liver injury remains to be
seen.

5.3. Extracellular receptors — G protein coupled receptors

In addition to acting on intracellular receptors, bile acids
can also act on extracellular receptors, such as tyrosine
kinase receptors and G-protein coupled receptors
(GPCRs), or by activation of epidermal growth factor.
The epidermal growth factor receptor (EGFR) acts on the
downstream mitogen-activated protein kinase. Although
these signal cascade amplifications are dependent on the
generation of reactive oxygen species and ultimately lead
to damage to rat hepatocytes (62).

5.3.1. Sphingosine I-phosphate receptor family

Sphingosine kinases (SphKs) and its product
sphingosine-1-phosphate (S1P) have the effect of
regulating hepatocyte apoptosis and survival. The
sphingosine-1-phosphate receptor family (SIPR family)
is a G protein-coupled receptor with important biological
activity (63). In rat hepatocyte experiments, bile acid
is a sphingosine-1-phosphate receptor 2 (S1PR2)
ligand in the mitogen-activated protein kinase (MAPK)
pathway (64). It has been reported in the literature that
sphingosine kinase inhibitors can significantly inhibit
apoptosis of hepatocytes induced by GCDC and inhibit
hepatocyte necrosis. At this time, SIPR1 and SIPR2
are simultaneously inhibited. Exogenous sphingosine
kinase also significantly inhibits hepatocyte apoptosis by
inhibiting SIPR2 (65). Therefore, SIPR is a potentially
valuable therapeutic target for reducing neutrophil
aggregation while not inhibiting systemic immune status
in cholestasis.

5.3.2. G protein coupled bile acid receptor

G-protein coupled bile acid receptor (GPBAR/TGRY) is
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Table 1. Drug therapy for cholestatic liver injury

Drugs Methods Signaling Pathway Targets
Celastrol (27) ANIT and TAA rat model SIRT1-FXR signaling pathway SIRT1, FXR
Andrographolide (28) ANIT rat model Anti-inflammatory IL-6, TNF-0, MDA, SOD,
Anti-oxidative GSH, GSH-PX
Rosuvastatin (29) BDL rat model HMGBI1/TLR4 axis HMGBI, TLR4, miR-21
miR-21 signaling
Shenqi Fuzheng Injection (30) BDL rat model PPAR-gamma, COX-2
NF-kappaBp65
Peroxiredoxin 4 (37) BDL rat model Anti-inflammatory
Anti-oxidative stress
Anti-fibrosis
9-cis-retinoic acid (32) BDL rat model MRP3, RXRalpha
Schisandrol B (33) LCA rat model PXR pathway PXR
Glechoma hederacea (34) BDL rat model Anti-oxidative NF-kappaB
Anti-inflammatory AP-1
Anti-fibrotic TGF-beta
HMGBI1/TLR4 signaling pathways HMGBI1
TGF-beta/Smad signaling TLR4
Chicken bile powder (35) ANIT rat model Restoring bile acid homeostasis FXR
Anti-inflammation NF-kappaB
Auraptene (36) LCA rat model and in vitro FXR pathway FXR
SRT1720 (37) 17alpha-ethinylestradiol rat model =~ HNFlalpha/FXR signalling pathway HNFlalpha
Anti-inflammatory FXR
Sweroside (38) ANIT rat model Regulating bile acids beta-MCA, CA, TCA
Anti-inflammatory
Chlorogenic acid (39) ANIT rat model STAT3 and NFkappaB signalling STAT3, NFkappaB
Vitamin C (40) LCA rat model Anti-fibrotic Gulo
Thymoquinone (47) BDL rat model Anti-oxidative MDA, SOD, GPx
Cilostazol (42) BDL rat model Anti-inflammatory TNF-alpha, TGF-beta
Anti-fibrotic PDGF-B
Quercetin (43) BDL rat model Anti-inflammatory NF-kappaB
Anti-oxidative TGF-beta
Anti-fibrotic TLR
NF-kappaB signaling.
TGF-beta/Smad signaling
TLR signaling
Guava Pulp (44) BDL rat model and in vitro Anti-fibrotic TGF-betal, TIMP,

Serotonin (45)

Docosahexaenoic acid (46)

Cyclopamine (47)

Resveratrol (48)

Caffeic acid phenethyl ester (49)

Tetrathiomolybdate (50)

Aminoguanidine (57)

BDL rat model

BDL rat model

BDL rat model

BDL rat model

BDL rat model

BDL rat model

BDL rat model

Src/MEK/ERK1/2/c-Myc pathway

Hepatoprotective
Anti-inflammatory
Anti-fibrotic

NF-kappaB signaling
ERK/TGF-beta/Smad pathway

Hedgehog signaling pathway

Hepatoprotective
Anti-inflammatory
Anti-fibrotic

Anti-inflammatory
Anti-oxidative

Anti-fibrotic

Anti-inflammatory
Anti-oxidative

COLlalphal, GP, IL-6
QBC939, p-ERK, c-Myc

Tphl
NF-kappaB

ERK
TGF-betal

Sonic Hedgehog, Patched-1
Glioblastoma-1, TNF-alpha
IL-1beta, Akt, ERK
TNF-alpha, IL-6,

collagen lalphal, TIMP-1
MDA, MPO, IL-1alpha
IL-6

TNF-alpha, TGF-betal

IL-1alpha, TNF-alpha

ANIT, alpha-naphthyl isothiocyanate; TAA, thioacetamide; BDL, bile duct ligation; LCA, lithocholic acid.
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Figure 1. Bile acid signaling pathway and its relationship with the innate immune system. Bile acid acts on intracellular
receptors: Bile acid can activate FXR, and then up-regulate Mdr and BSEP genes or down-regulate Ntcp genes through CYP7A1
to reduce intracellular bile acid accumulation. Bile acid acts on extracellular receptors: Bile acid can activate SIPR2 as ligand,
up-regulate the level of Egr-1 through the MAPK pathway, and then up-regulate the levels of MIP-2 and ICAM-1 to promote
inflammation. In addition, bile acid can also activate TGRS. Activated TGRS induces NOS synthesis through the cAMP pathway,

produces NO and inhibits inflammatory response.

Table 2. The treatment of cholestatic liver injury

Therapeutic method Bile acid signaling pathway

Therapeutic targets

Anti-inflammatory
Anti-oxidative stress
Novel therapeutic targets Intracellular signaling pathway
Extracellular signaling pathway I

Extracellular signaling pathway II

OPN, HMGBI, HSP, Uric acid crystal, HDGF
GSH, ROS, HCIO, Chloramines

FXR, CYP7A1, Mdr, BSEP, Ntcp

S1PR2, MAPK, Egr-1, MIP-2, ICAM-1
TGRS, cAMP, NOS, NO

a novel membrane-bound bile acid receptor expressed
in many types of cells, which plays an important
role in regulating energy homeostasis and glucose
metabolism. /n vitro experiments showed that TGRS
significantly inhibited macrophage function (66). It is
worth noting that the negative regulation of TGR5 on
inflammatory responses makes it a potential therapeutic
target for immunological liver disease and inflammatory
liver disease. It is known that TGRS is expressed in
monocytes, sinusoidal endothelial cells, Kupffer cells,
and bile duct epithelial cells, and is also expressed in
small amounts in hepatocytes (67).

When cholestasis occurs, Kupffer cells inhibit
cytokine synthesis through the TGR5-cAMP pathway,
thereby inhibiting inflammatory immune responses (68).
The activation of TGRS on the surface of sinusoidal
endothelial cells induces the synthesis of nitric oxide

synthase (NOS) by endothelial cells through the
cAMP pathway, thereby producing NO. NO can cause
vasodilation to relieve portal hypertension and also play
an important role in protecting the liver. In addition,
TGRS stimulates gallbladder filling. Under the action
of agonists such as TGRS agonist and lithocholic acid,
the degree of gallbladder filling in TGR5-/- mice is
significantly less than that in wild-type mice (69). TGRS
controls bile load during cholestasis and promotes liver
regeneration. Animal experiments show that in the
BDL model, TGRS knockout mice have more severe
liver damage than normal mice, and there is more
inflammatory cell infiltration in the necrotic area (70).
This evidence suggests that TGRS has an important
protective effect on the liver during cholestasis,
protecting the liver from inflammatory reactions and
promoting bile excretion to fill the gallbladder.
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INT-767 is a TGR5/FXR dual agonist. Experiments
suggest that in the Mdr2-/-(Abcb4-/-) mouse model,
INT-767 can significantly induce bile drainage,cause
high gene expression of carbonic anhydrase-14 and
increase HCOj; release. Carbonic anhydrase-14
increases HCOj;™ transportation, which has a significant
effect on improving serum liver enzyme levels,
reducing inflammatory infiltration and gallbladder
fibrosis (71).

5.4. Early growth response factor 1 (early growth
response factor 1, Egr-1)

After exposure of primary mouse hepatocytes to
chenocholalic acid (DCA), chenodeoxycholic acid
(CDCA), or taurocholic acid (TCA), the level of
intracellular adhesion molecule-1 and macrophage
inflammatory protein 2 (MIP-2) increased significantly.
Experiments have shown that the upregulation of ICM-
1 and MIP-2 levels is dependent on the transcriptional
expression of the Egr-1 gene (72). Egr-1 is an important
regulator of the expression of many target genes
involved in the coupling of external signals to target
gene expression. It was reported that normal mouse
hepatocytes and FXR knockout mouse liver cells were
simultaneously exposed to DCA and CDCA, and there
was no difference in Egr-1 expression level, indicating
that Egr-1 expression was not associated with FXR
(73). The expression level of Egr-1 in hepatocytes
using highly-selective MEK inhibitors such as U0126
was significantly decreased, and pretreatment with
U0126 prevented Egl-1 levels in BDL model mice from
increasing, indicating the level of Egr-1 upregulation
is dependent on the MAPK pathway during cholestasis
(74). Egr-1 may be central to the inflammatory response
caused by cholestasis and a potential therapeutic
target for inhibition of inflammatory response during
cholestasis (Figure 1).

6. Conclusion

Cholestasis is a complex pathophysiological process
with multiple causes, multi-cell involvement.
Cholestasis-induced liver injury is mainly a neutrophil-
mediated inflammatory response. Therefore, the
treatment of cholestatic liver injury is mainly reflected
in the inhibition of neutrophil chemotaxis and inhibition
of neutrophil-induced oxidative stress. The specific
conduction pathway or target can provide new, more
specific treatment options to treat cholestatic liver
injury (Table 2).
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