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Abstract The core of hepatic fibrosis is the activation of hepatic stellate cells. Through the lipopolysaccharide/TLR4/MyD88/NF-kB signal
transduction pathway, the inflammatory response in the liver is directly enhanced, and then returns to promote the activation of hepatic stellate
cells. And TLR4/MyD88/NF-kB signaling pathway can directly regulate the activation of NLRP3 inflammasome and is an important pathway
for activating hepatic stellate cells. TLR4/MyD88/NF-kB/NLRP3 inflammasome pathway is regulated by upstream microRNAs. These miR-
NAs can significantly regulate the inflammatory response of the liver and the activation behavior of hepatic stellate cells, affecting the formation

of liver fibrosis. Previous studies have found that the active ingredient of Guangxi specialty ethnic medicine, plumbagin, has a definite anti liv-

er fibrosis effect, but its mechanism of action is not clear. This paper provides a review of the research progress on the above issues, and fur-

ther research ideas have been derived from this, stating that " the anti liver fibrosis effect of plumbagin is achieved by regulating miRNA/

TLR4/MyD88/NF-kB inflammatory pathway and activating downstream NLRP3 inflammasome" .
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1 Introduction

The liver is the most important metabolic organ in the human
body, and liver fibrosis refers to a chronic liver disease in which
the liver is affected by various physical and chemical factors, cau-
sing steatosis, inflammation, and necrosis of liver cells, as well as
excessive proliferation and abnormal deposition of extracellular
matrix (ECM) components in the necrotic area. Hepatic fibrosis
is a typical pathological feature of chronic liver disease and has
become a necessary pathological process for various chronic liver
diseases to develop into cirrhosis''. Among them, 25% to 40%
can also develop into the final stage of fibrosis, cirrhosis. Its cau-
ses are numerous and complex, and almost any factor that can
cause chronic liver damage can lead to liver fibrosis, such as chro-
nic hepatitis B, chronic hepatitis C, fatty hepatitis (including al-
coholic or non alcoholic ), autoimmune liver disease, schistoso-
miasis liver disease, drug-induced liver disease, and some con-
genital metabolic diseases. These pathogenic factors can lead to

the formation of liver fibrosis and affect the progression of liver
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fibrosis by acting on liver cells such as hepatic stellate cells
(HSCs), hepatic sinusoidal endothelial cells ( HSECs ), and
Kupffer cells (KCs) ™.

According to reports, there are over 30 million chronic liver
disease patients in China, with 2. 1% developing cirrhosis every
year. After 5 years of liver cirrhosis, the probability of cancer
transformation reaches 17% , and it exceeds 40% after 10 years.
The wide range of its causes and high mortality rate have seriously
affected the quality of life and medical expenses of the people™ .
Researchers have realized that liver fibrosis is actually a reversible
pathological phenomenon in the early and middle stages. As early
as the 1970s, Professor Hans Popper, the founder of contemporary
hepatology, pointed out: " whoever can prevent or delay liver fi-

4]

brosis will be able to treat most liver diseases" ' Professor

Friedman"’ proposed at the recent Conference on Liver Fibrosis
held by the European Society of Hepatology that treating hepatitis
B and C can resist fibrosis, proving the reversibility of liver fibro-
sis. Compared with pulmonary fibrosis, cardiac fibrosis and scler-
oderma, hepatic fibrosis is easier to reverse. Therefore, it plays a
very important role in improving the quality of life and prognosis of
patients by preventing or early intervening the pathological process
of liver fibrosis, delaying its development or even reversing it. But
no satisfactory means have been found to solve this major global
health problem to date.

2 HSCs and liver fibrosis
HSCs account for approximately 5% —15% of the total number of
cells in normal liver tissue. The research results indicate that al-

though various cells in the liver can synthesize ECM, HSCs are
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the main source of ECM in chronic liver disease'®’. Similar evi-
dence has been obtained in liver fibrosis models induced by carbon
tetrachloride (CCl4 ), iron overload, and biliary obstruction. It
has been found that activated HSCs significantly increase in liver
injury lesions and their surrounding areas, directly leading the oc-
currence and development process of various etiologies of liver fi-
brosis'”. The proliferation and activation of HSCs can synthesize
and secrete a large amount of ECM, so the activation of HSCs is
the central link in the occurrence of liver fibrosis. When the liver
is constantly stimulated by chronic injury, HSCs will transform
from their usual relatively static phenotype to an activated pheno-
type and undergo some functional changes™® ; (i) increased cell
proliferation rate; (ii) reduced cell apoptosis; (iii) mobility;
(iv) contractility; (v) chemical chemotaxis; (vi) changes in the
type and quantity of synthesized ECM; (vii) synthesizing a series
of fibrogenic cytokines. Among them, leptin is one of the most im-
portant mitosis factors, which can significantly promote the divi-
sion, proliferation and activation of HSCs.

Currently, multiple signaling factors and pathways have been
found to activate HSCs"' | such as platelet-derived growth factor
(PDGF) , transforming growth factor beta (TGF-B), leptin, vas-
cular endothelial growth factor ( VEGF) ; mitogen activated pro-
tein kinase MAPK pathway, amino terminal kinase/signaling and
transcriptional activator ( JNK/STAT), TGF-B1/Smads, NF-kB
signaling pathway. The latest research™™® shows that the NLRP3
inflammasome signaling pathway is an important emerging signa-
ling pathway, which is a new research hotspot; the related pro-
teins secreted by the NLRP3 inflammasome activation signaling
pathway significantly affect the proliferation, contraction, and oth-
er functions of HSCs. The activated HSCs can trigger and promote
the occurrence and development of liver fibrosis. Therefore, new
research on the inhibitory targets of NLRP3 inflammasome activa-
tion related signaling pathways in HSCs will have important value

for the effective prevention and treatment of liver fibrosis.

3 NLRP3 inflammasome and liver fibrosis

NLRP3 inflammasome is currently the most widely and comprehen-
sively studied inflammasome. NLRP3 inflammasome is an intracel-
lular multi-protein complex mainly composed of the Nod-like re-
ceptor family pyrin domain containing 3 (NLRP3) , apoptosis-as-
sociated speck-like protein containing a CARD (ASC), and the
effector molecule caspase-1 precursor (procaspase-1) " NLRP3
inflammasome has cytoplasmic pattern recognition receptor that
recognizes a series of signal changes from pathogen-associated mo-
lecular patterns (PAMPs) to dangerous signals'™ . The activation
of NLRP3 inflammasome will trigger inflammatory responses, reg-
ulating the development of diseases and cell fate. If NLRP3 in-
flammasome is expressed in liver tissue cells, it can trigger a se-
ries of reactions such as HSCs activation, liver cell apoptosis, and
pyroptosis, and trigger inflammatory response of liver. Therefore,
this inflammasome plays an important role in the occurrence and

[13]

development of liver fibrosis HSC is one of the main target

cells of the NLRP3 inflammasome pathway "',

Multiple stud-
ies'” ™" have shown that downstream proteins of the NLRP3 in-
flammasome pathway are expressed in HSC, significantly regula-
ting the function of the cell. HSC directly promotes the formation
of liver fibrosis through the NLRP3 inflammasome signaling path-
way. Research'"”’ has shown that NLRP3 inflammasome promotes
the formation of liver fibrosis, which is related to up regulation of
TGF-B and activation of HSC, and the specific mechanism is
achieved through the NLRP3 inflammasome/caspase-1 signaling
pathway. The specific approach is as follows'™ : the activated
NLRP3 inflammasome undergoes component assembly, and
NLRP3 binds to the adaptor protein ASC, which then causes pro-
caspase-1 to self catalyze and activate into caspase-1. The activa-
ted caspase-1 accelerates the process of liver fibrosis mainly
through two signaling pathways: (i) caspase-1 promotes the matu-
ration of precursors for pro-inflammatory factor interleukins IL-18
and IL-18, and forms IL-1B and IL-18, and leads to the occur-
rence and development of inflammatory reactions. Although in-
flammation plays a crucial role in the protective immunity of the
body, fibrosis can also occur in the liver under sustained inflam-

matory pathological stimulation’. (ii) Complex cell death pro-

gram pyroptosis can be initiated. Pyroptosis is a newly discov-
ered cell necrotic death mode characterized by cell swelling, rapid
lysis, plasma membrane permeability, and the release of pro-
inflammatory cytokines and cell contents. The entire process from

initiation to completion is more rapid than apoptosis.

4 MicroRNAs/TLR4/NF-kB signaling pathway regu-
lating the activation of downstream NLRP3 inflamma-
some

4.1 Relationship between upstream TLR4/NF-kB pathway
and activation of downstream NLRP3 inflammasome Toll-
like receptor 4 (TLR4) is a member of the toll-like receptor fami-
ly. Tt is a transmembrane protein of mammalian cells, and is
mainly related to the recognition of bacterial and viral components
(PAMPs and DAMPs). It activates NF-kB by binding to endotox-
in lipopolysaccharide (LPS) of gram-negative bacteria™’. TLR4/
NF-kB pathway regulates the activation of NLRP3 inflammasome,
triggers liver inflammatory response, and leads to the formation of
liver fibrosis. The main mechanisms of TLR4/NF-kB pathway reg-
ulating activation of NLRP3 inflammasome are as follows™' ;
TLR4 activation, the phosphorylation of interleukin-1 (TL-1) re-
ceptor related kinase IRAK-1 is induced by myeloid differentiation
factor 88 (MyD88). The phosphorylated IRAK-1 recruits and ac-
tivates tumor necrosis factor ( TNF) receptor 6 ( TRAF6), and
protein kinase C (PKC) , extracellular signal regulated kinase-1/2
(ERK-1/2), and transforming growth factor (TGF-B) activate
kinase 1 (TAK-1) and others, and signal factors are gradually ac-
tivated. Phosphorylationp of p38 MAPK, c-Jun amino terminal ki-
nase (JNK), and I-kappa kinase (IkK) activates IkK and makes
p65 NF-kB nuclear translocation and activation, and transcription-
al activation of TLR pathway related genes ™. Activated NF-kB
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regulates downstream NLRP3 inflammasome activation through two
aspects ™ ; (i) regulating the transcription of NLRP3, generating
NLRP3 mRNA. NLRP3 mRNA was transcribed into NLRP3 pro-
tein, making the activation of NLRP3 inflammasome and the oc-
currence of inflammatory reactions are provided with material guar-
antees. (ii ) Regulating the transcription of pro-caspase-11,
caspase-11 activates NLRP3 inflammasome. NF-kB can also di-
rectly regulate the transcription of pro-inflammatory factors pro-IL-
1B and pro-IL-18, thereby promoting the occurrence of inflamma-
tory reactions.

4.2 Upstream microRNAs regulating downstream TLR4/
NF-kB pathway
research of liver fibrosis has gone deep into the level of microR-
NAs (miRNAs). miRNA was first discovered by researchers from

nematodes, fruit flies, and humans in 2001. This discovery was

In recent years, the prevention and treatment

listed as the first of top ten technological breakthroughs by Science
(American Journal) in 2001. miRNA is a small non coding RNA
molecule that binds to the 3-’untranslated regions (3’-UTRs) of
the target mRNA to regulate gene expression. The human genome
encodes more than 1 000 miRNAs, and mRNAs in more than 50%
of cells are regulated by miRNA. miRNAs play an important regu-
latory role in many cellular functions, including cell proliferation,
differentiation, apoptosis, and stress response ”*’. miRNAs play
an important role in the occurrence and progression of various liver
diseases such as acute liver injury and chronic liver fibrosis by
regulating gene expression ™. Abnormal expression of miRNA-34,
miRNA-122, and others in HSC regulates the activation and pro-
liferation of HSC"™'. The expression of miRNA-29b can be signif-
icantly decreased in HSC during fibrosis, while miRNA-29b ex-
hibits specific high expression. Research™™' has found that miR-
NA-29 expression decreases in the liver of liver fibrosis mouse
models and chronic viral hepatitis C fibrosis patients, which can
enhance the collagen synthesis function of HSC; up regulation of
miRNA-29 can significantly reduce collagen secretion in HSC, in-
hibit proliferation, and hinder the progression of liver fibrosis.
The mechanism of miRNA-29 and other interventions in the pro-
gression of liver fibrosis is through LPS induced TLRs/NF-«xB
pathway: as a gene regulator, it targets TLR4/NF-kB pathway
through three regulatory mechanisms, regulating inflammatory re-
sponse, and affecting the formation of liver fibrosis™’ . (i) miR-
NAs directly target the signaling system components of TLR4; (ii)
miRNAs directly activate receptors of TLR4 RNA; (iii) miRNAs
feed back and regulate expression of TLR4: in TLR ligand reac-
tions, the expression of several miRNAs is up regulated, and they
directly target components of the TLR signaling system, revealing
the feedback loop control of miRNAs on TLRs signaling pathway
activation. Some special miRNAs such as miRNA-155, miRNA-
122, miRNA-146a have also been reported ™’ to form positive or
negative TLR4/NF-kB signal feedback pathway by regulating re-
ceptors, adapter molecules, and regulatory molecules, further af-
fecting the activation of NLRP3 inflammasome. In summary, miR-
NAs not only exhibit specific expression in HSCs, regulating their

morphology and secretion function, but also act on TLR4/NF-kB
pathway through upstream regulation, further affecting the activa-
tion pathway of the pathway downstream NLRP3 inflammasome.
Through three steps, it presents an intervention effect on the pro-
gression of liver fibrosis. By targeting TLR4/NF-kB signaling
pathway, upstream microRNAs regulates the activation of down-
stream factor NLRP3 inflammasome, triggers inflammatory respon-
ses, continuously stimulates the liver, and leads to the formation
of liver fibrosis. All of the above key signaling molecules may be-
come new targets for the treatment of liver fibrosis; the prevention
and treatment of liver fibrosis can be achieved through targeted
regulation of microRNAs/TLR4/NF-kB signaling pathway, bloc-
king the activation of NLRP3 inflammasome and chronic liver in-
flammation, and further inhibiting the formation pathway of liver

fibrosis.

5 Related studies on the anti liver fibrosis effect of
plumbagin

Plumbago zeylanica L. is mainly distributed in tropical and sub-
tropical regions. In China, it is mainly distributed in Guangxi,
Guangdong, and Yumnan. It is widely distributed in Guangxi,
with abundant resources. P. zeylanica L. is a medicinal plant that
is a specialty of Guangxi. Feature and taste: pungent, bitter, as-
tringent, warm, and toxic. Function:; dispelling wind, dispersing
blood stasis, and detoxifying. It is called " dien bang" or " godon"
by Guangxi Zhuang medicine. lis leaves are used to treat injuries
caused by falls, carbuncle, swelling, and hepatosplenomegaly. It
is called as "baec pioux ban" or "baec pioux ban" by Guangxi
Yao medicine. According to literature records'™’ , P. zeylanica L.
has the effect of treating hepatitis, liver cirrhosis, and sprains
caused by falls. It is called as bidbipeg by Yunnan Dai medicine,
and its dry root is effective in treating rheumatic pain, hyperosto-
sis, liver pain, hepatosplenomegaly and other diseases. Modern
medical research™’ has shown that P. zeylanica L. has the effects
of treating hepatitis, liver cirthosis, and sprains; significant in-
hibitory effect on the growth of liver cancer cells. The experi-
ment ! studied Fuzheng Huayu Jiedu Recipe with P. zeylanica
L. as the main component, and confirmed its anti hepatic fibrosis,
blood activating and blood stasis removing effects by improving the
liver blood flow velocity, inhibiting HSC activation, and interfer-
ing with the formation of hepatic sinus basement membrane.
Whether from the records of folk applications in various ethnic
groups, the therapeutic effects of single or compound clinical ap-
plications, or the results of modern scientific experimental re-
search, the pharmacological effects shown by P. zeylanica L. are
effective in treating and reversing liver fibrosis. The main active
component of anti liver fibrosis drug of P. zeylanica 1. is plumba-
gin, which has the effects of promoting blood circulation and re-

[3] " the natural

moving blood stasis. According to research report
naphthoquinone, plumbagin (molecular formula C;, HgO,; molec-
ular weight 188. 18), separated from the root of the medicinal

plant P. zeylanica L. , has a variety of biological activities (Fig. 1),
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such as anti-tumor, anti pulmonary fibrosis, anticoagulation, anti
atherosclerosis, anti-inflammatory, etc. The content of plumbagin
is consistent with its strength in promoting blood circulation and

I proved that plumbagin

resolving blood stasis. The experiment
has the highest distribution in the liver of experimental mice and
has shown definite anti liver fibrosis effects. This medicine is un-
doubtedly an active ingredient of natural medicinal herb for the
treatment of blood stasis syndrome and anti fibrosis, with great po-
tential and application prospects.

In the past 10 years, the research group in which the author
works has systematically conducted research on the effects of
plumbagin on promoting blood circulation, resolving blood stasis,
and resisting liver fibrosis. It received four scientific research
grants related to plumbagin, including the National Natural Sci-
ence Foundation of China and the Guangxi Natural Science Foun-
dation. Here is a brief summary of the preliminary research results
of the research group: (i) the research project of Guangxi Natural
Science Foundation showed that P. zeylanica L. decoction can
significantly inhibit the acute liver damage caused by CCH4 in rats,
reduce the levels of ALT and AST, increase plasma albumin, pro-
tect the liver and reduce enzymes, inhibit lipid peroxidation of liv-
er tissue, and improve the liver protein synthesis™’ ; it can also
reduce the levels of HA, LN, and PCIII in plasma. Masson stai-
ning observation confirmed the effect of reducing fibroproliferation
in liver tissue™ . (ii) In the research project of the National Nat-
ural Science Foundation of China, the research was conducted
based on the core cell of liver fibrosis lesion-human hepatic stellate
cell line (HSC-LX2), and it was observed from several aspects
such as cell proliferation rate, cell apoptosis, collagen synthesis
and secretion, and expression of profibrotic cytokines'” . The
results showed that the drug could significantly inhibit the cell pro-
liferation rate of HSC-LX2; block the entry of cells into the prolif-
eration cycle and induce cell apoptosis; reduce the synthesis and
secretion of fibrotic components a-SMA, type I, and type III col-
lagen in HSC-LX2 strain; reduce the expression level of fibro-
blasts such as TGF-B1, VEGF. At the same time, it can also in-
crease the expression of MMP1 and MMP13 enzymes that degrade
fibrotic components. The above clarifies the anti liver fibrosis
effect of plumbagin based on inhibiting the cell viability and secre-
tion function of HSC-LX2. (iii) The research project of the Na-
tional Natural Science Foundation of China focused on human he-
patic sinusoidal endothelial cells ( HSECs), and it can be ob-
served that plumbagin can significantly reverse the " hepatic sinu-

soidal capillarization phenomenon" in the liver ™

. It can reopen
the closed window pores in the HSECs, and significantly increase
the total area of the window pores responsible for ventilating sub-
stances in the HSECs. At the same time, it can reduce the area
and thickness of the continuous basement membrane formed out-
side the HSECs. It can also decrease expression levels of various
cytokines in the liver, such as ET-1, TGF-g1, CTGF and CollV,
that cause fibrosis and disrupt liver microcirculation'®’. The re-

sults of various levels of scientific research projects above have

confirmed that plumbagin can indeed improve liver microcircula-
tion by inhibiting " hepatic sinusoidal capillary lesions" , thereby
achieving the " promoting blood circulation and resolving blood sta-
sis" effect of traditional Chinese medicine. These experimental re-
sults can partially explain the mechanism of the pharmacological

effect of plumbagin on liver fibrosis.

OH

ee

Fig.1 Structural formula of plumbagin (2-methyl-5-hydroxyl-1,
4-naphthoquinone; C,;HgO;)

5 Conclusions and prospects

By studying the recent research progresses on the mechanism of
liver fibrosis, the occurrence mechanism of liver microcirculation
disorders, the structure and function of HSEC, and the pharmaco-
logical effects of plumbagin, combined with the preliminary re-
search results of the research group, it has been confirmed that the
active ingredient of Guangxi specialty ethnic medicine, plumba-
gin, has definite pharmacological effects on liver fibrosis. Further
observation found that the drug could inhibit hepatic sinusoid cap-
illarization and improve liver microcirculation. Based on these re-
sults, a deeper exploration can be conducted and a hypothesis can
be proposed that the promoting blood circulation, resolving stasis,
and anti liver fibrosis effects of plumbagin are achieved by regula-
ting miRNAs/TLR4/NF-kB inflammatory pathway and down-
stream NLRP3 inflammasome activation. If further research is con-
ducted, a mice liver fibrosis model with NLRP3 gene knockout
can be established, as well as cell models of NLRP3 inflamma-
some and TLR4/NF-kB pathway activation. Through in vivo ani-
mal and in vitro cell experiments, the relationship between NLRP3
inflammasome, TLR4/NF-kB pathway activation related proteins
and hepatic fibrosis HSC could be studied, to provide scientific
reference for the prevention and control of liver fibrosis. It could
study, search, and select upstream targeting miRNAs of the
TLR4/NF-«B pathway. And the effects and mechanisms of curcu-
menol on upstream miRNAs of TLR4/NF-kB pathway, the activa-
tion of NLRP3 inflammasome, and its mediated HSC structure or
secretion function could be studied. By the research on the expres-
sion changes of proteins related to miRNAs/TLR4/NF-kB pathway
and NLRP3 inflammasome activation, combined with the previous
research of the research group, it can comprehensively elucidate
and develop a new mechanism of plumbagin against liver fibrosis
from multiple perspectives of the gene and protein levels, such as
microRNAs/TLR4/NF-kB and NLRP3 inflammasome activation.
These studies can provide richer scientific basis for the further de-
velopment and utilization of the active ingredient of a Guangxi spe-
cialty ethnic medicine, plumbagin, in the treatment of liver fibro-
sis diseases. Moreover, it can provide new targets and ideas for
clinical treatment of chronic liver disease, cirrhosis and portal
hypertension.
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