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Abstract

Alcoholic liver disease is one of the most common chronic 
liver diseases in the world. It is a liver disease caused by 
prolonged heavy drinking and its main clinical features are 
nausea, vomiting, enlargement of the liver, and jaundice. 
Recent studies suggest that Kupffer cell-mediated inflam-
matory response is a core driver in the development of alco-
holic steatohepatitis and alcoholic liver fibrosis. As a danger 
signal, extracellular ATP activates the assembly of NLPR3 
inflammasome by acting on purine P2X7 receptor, the ac-
tivated NLRP3 inflammasome prompts ASC to cleave pro-
cCaspase-1 into active caspase-1in KCs. Active caspase-1 
promotes the conversion of pro-IL-1β to IL-1β, which fur-
ther enhances the inflammatory response. Here, we briefly 
review the role of the P2X7R-NLRP3 inflammasome axis in 
the pathogenesis of alcoholic liver disease and the evolution 
of alcoholic steatohepatitis and alcoholic liver fibrosis. Reg-
ulation of the inflammasome axis of P2X7R-NLRP3 may be 
a new approach for the treatment of alcoholic liver disease.
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Introduction

Alcoholic liver disease (ALD) is one of the most common 

chronic liver diseases in the world.1 It is caused by pro-
longed heavy drinking and its main clinical features are 
nausea, vomiting, enlargement of the liver, and jaundice.2 
About 2 billion people around the world drink alcohol and 
ALD affects more than 75 million people worldwide, with 
its incidence and fatality rate increasing year by year.3 Sta-
tistics show that ALD accounts for 48% of cirrhosis-related 
deaths in the USA.4,5 ALD presents hepatic steatosis in the 
early stage of the disease, which will develop into alcoholic 
steatohepatitis (ASH) and alcoholic liver fibrosis if not con-
trolled, and can even lead to cirrhosis in severe cases. In 
the course of the disease, this can also be accompanied 
by serious complications, such as gastrointestinal bleed-
ing and liver failure.1,6 There are many factors affecting the 
development of ALD, and the risk factors studied at home 
and abroad mainly include alcohol consumption, drinking 
years, sex, race, obesity, genetic factors, nutritional status, 
and hepatitis virus infection.7–9 In addition, studies have 
found that there are considerable individual differences in 
risk factors of ALD, and different individuals have differ-
ent sensitivity to the various risk factors.10,11 At present, 
the mainstream view is that ALD is mainly the result of the 
interaction of many factors, such as oxidative stress, enter-
ogenic endotoxin, inflammatory mediators and nutritional 
imbalance (especially protein-caloric malnutrition), which 
is directly or indirectly induced by the metabolic process 
of ethanol and its derivatives.12–14 Activated Kupffer cells 
(KCs) play an important role in the development and pro-
gression of ALD and are considered to be important condi-
tions leading to ASH and alcoholic fibrosis, but the cascade 
of events that regulate these processes has not been fully 
identified.15

The purpose of this work was to review how P2X7R acti-
vates KCs and exacerbates the transition from ASH to alco-
holic liver fibrosis. ATP and alcohol as mediators of extracel-
lular inflammation and the role of the NLRP3 inflammasome 
are also reviewed.

Activated extracellular inflammatory mediators of 
P2X7R

Liver is the main organ for ethanol metabolism. After ethanol 
is ingested orally, most of it is simply diffused and absorbed 
into the blood through the gastrointestinal tract, and more 
than 90% of ethanol in the blood depends on the metabo-
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lism of hepatocytes.16 Ethanol entering the liver is converted 
to acetaldehyde and then to acetate by alcohol dehydroge-
nase (ADH) and aldehyde dehydrogenase (ALDH). The con-
version of acetaldehyde to acetate results in the conversion 
of coenzyme I (NAD) to reduced coenzyme I (NADH), thus 
increasing the content of NADH in hepatocytes. On the one 
hand, increased NADH inhibits the mitochondrial tricarbox-
ylic acid cycle, thus reducing the oxidation capacity of liver 
cells for fatty acids and causing fat accumulation in the liver. 
On the other hand, increased NADH leads to the increase 
of reoxidation of NADH and increased oxygen consump-
tion of mitochondria, resulting in hypoxic stress response 
of hepatocytes.17,18 Excessive NADH and acetaldehyde can 
lead to excessive production of mitochondrial reactive oxy-
gen (ROS), which can cause oxidative stress, endoplasmic 
reticulum (ER) stress, and steatosis.19 In addition, acetalde-
hyde exerts a strong biochemical reaction and toxicity, which 
leads to glutathione depletion and makes hepatocytes more 
sensitive to oxidative stress; it can also affect the charac-
ter of the liver cell membrane and inhibit the protein secre-
tion and synthesis of liver cells.20,21 The cytotoxic effects of 
ethanol metabolism and ROS lead to hepatocyte death. With 
the death of hepatocytes, the integrity of their membrane is 
destroyed; rupture of the cytoplasmic membrane ultimately 
leads to cell lysis, death of intracellular organelles, and re-
lease of enzymes into the cytoplasmic fluid. Damage-related 
molecular pattern (DAMP) molecules are also released af-
ter cell death (mainly necrosis) and trigger macrophage and 
neutrophil activation, fibrosis, and liver regeneration.22 Com-
mon DAMPs contain high mobility group protein B1 (HGMB1), 
formyl-peptide, DNA, ATP, and so on.22

Adenine nucleoside triphosphate is an unstable, high-
energy phosphoric acid compound, which is composed of 
one molecule of adenine, one molecule of ribose and three 
molecules of phosphoric acid groups. It is also known as 
adenosine triphosphate, abbreviated as ATP. General knowl-
edge of ATP has expanded considerably since its discovery 
in 1929, and it is well known as a substrate for muscle con-
traction. ATP is widely regarded as an energy exchange fac-
tor linking anabolism and catabolism, and is also involved in 
active transport, motor contraction, phosphorylation, etc.23 
In recent years, it has been found that ATP not only plays 
an important role in cellular energy metabolism but also 
plays an important role in the physiological and pathologi-
cal process of chronic liver diseases, including ALD, acting 
as a “danger signal”.24–26 It activates intracellular signal-
ing cascades by acting on p2 purine receptors on the cell 
surface.24,27 Current studies have found that the body will 
release high levels of intracellular nucleotides (such as ATP) 
into the extracellular environment when receiving such ex-
ternal stimuli as ethanol, which itself acts as a danger sig-
nal to prompt the body to initiate its own immune defense. 
Studies have found that in the process of ALD, in addition 
to releasing cytokines/inflammatory factors, a large amount 
of ATP will be released, as an endogenous danger signal to 
activate the inflammatory complex through p2 purine re-
ceptors and further magnify the inflammatory response.28 
The inflammation, which occurs in the absence of external 
pathogens in response to various stimuli of tissue stress 
and injury, is known as sterile inflammation (SI). In SI, en-
dogenous DAMPs, normally hidden outside the extracellular 
environment, are released when tissue is damaged and ac-
tivate receptors on immune cells. ATP is a DAMP, and the 
extracellular ATP (eATP)-induced inflammatory response is 
SI. This SI is a key process in drug-induced liver injury, 
non-ASH, and ASH, and is a major determinant of fibrosis 
and cancer.29

Purine receptors are divided into P1 and P2 receptors. 
P2X7 purine receptor (P2X7R) belongs to the P2X family 
of P2 purine receptors and is an ATP-gated, non-selective 
cation channel receptor. P2X7R exists in a variety of cell 

types, including exocrine cells, stem cells, glial cells, nerve 
cells, endothelial cells, and KCs. P2X7R is also expressed by 
almost all innate and adaptive immune cells. P2X7R induces 
a variety of intracellular cascade reactions in a cell-specific 
manner, including inflammatory molecule release, phagocy-
tosis, cell proliferation, and cell death.30,31 Current studies 
have found that P2X7R plays an important role in the physi-
ological and pathological processes of a variety of chronic 
liver diseases, and ATP activated P2X7R induces intracellular 
cascade reactions. Studies have found that eATP intensifies 
inflammation by activating P2X7R and increasing cytokine 
release, and aggravates liver damage caused by sepsis.32 
Hoque et al.33 showed that ATP-activated P2X7R aggravated 
the liver injury induced by acetaminophen hepatotoxicity, 
while acetaminophen-induced liver necrosis was significant-
ly reduced in P2X7−/− mice. Toki et al.34 showed that eATP 
induces activation of the P2X7 receptor on KCs, resulting in 
the release of interleukin-1β (IL-1β), HMGB1 and prosta-
glandin E2 (PGE2), and is involved in various inflammatory 
responses in the liver.

As a transmembrane hydrolytic enzyme, ecto-nucleoside 
triphosphate diphosphohydrolase (CD39/ENTPD1) plays an 
important role in many pathophysiological processes. When 
ATP is released extracellularly by stressed or damaged 
cells, it is rapidly hydrolyzed to adenosine monophosphate 
(AMP) and phosphoric acid by CD39 expressed on the cell 
surface, releasing energy, after which it is further hydro-
lyzed to adenosine by extracellular 5′-nucleotide enzyme 
(CD73/NT5E).35 It has been found that ATP can enhance the 
phagocytosis of macrophages through P2X7R-induced inter-
cellular Ca2+ signal transduction, while CD39 expression can 
effectively inhibit this process.36 Sun et al.37 found that, in 
CD39 knockout mice, genetic deletion of CD39 aggravates 
the systemic inflammatory response and liver damage. 
Furthermore, Savio et al.32 found that CD39 can limit the 
inflammatory signal transduction of P2X7R by hydrolyzing 
eATP and reduce liver injury caused by sepsis. CD39 also 
mitigated P2X7R-mediated inflammatory response by hy-
drolyzing ATP.

It is also worth noting that, in recent years, it has been 
found that ethanol can directly or indirectly activate P2X7R 
with its metabolite acetaldehyde. For example, long-term 
exposure to ethanol has been found to induce activation of 
the NLRP3 inflammasome by upregulating P2X7R expres-
sion in human macrophages.38 Wu et al.39 found that P2X7R 
mediates acetaldehyde-induced hepatic stellate cell (HSC) 
activation via a PKC-dependent GSK3β pathway. Similarly, 
Liana et al.40 found that ethanol can enhance p2X7R-medi-
ated IL-1β secretion in BV2 microglia cells. In patients with 
alcoholic liver, P2X7R may be early responsive to ethanol 
and metabolite stimulation, rather than completely second-
ary to alcohol and metabolite-induced liver injury.

The purine P2X4 receptor (P2X4R) is another subtype be-
longing to the P2X family. There seems to be some potential 
interaction between P2X4R and P2X7R. It has been reported 
that the heterotrimeric P2X4/P2X7 receptor can be formed 
by P2X4R and P2X7R.41 It has also been reported that the 
synergistic action of P2X4R and P2X7 plays an important 
role in Ca2+ signaling.36,42 Interestingly, studies have found 
that P2X4R and P2X7R have different sensitivities to ethanol 
and ATP. High concentration of ethanol was found to inhibit 
P2X4R but to not affect the activity of P2X7R.40 P2X4R is one 
of the most sensitive purinergic receptors and its sensitivity 
to ATP is much higher than that of P2X7R.43 The synergistic 
effect of P2X4R and P2X7R is worthy of further investigation.

Activated NLRP3 inflammasome

NLRP3 is a NOD-like receptor thermal protein domain as-
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sociated protein 3, which is an important member of the 
NOD-like receptor family. The NLRP3 inflammasome is 
composed of NLRP3, apoptosis-associated speck-like pro-
tein containing a CARD (ASC) and pro-cysteinyl aspartate 
specific proteinase-1 (pro-caspase-1).44,45 Studies have 
found that the activation mechanism of NLRP3 involves 
multiple aspects, including extracellular Ca2+ influx, K+ ef-
flux, Ca2+ release from the ER, Ca2+ uptake by mitochon-
dria, and mitochondrial dysfunction.46–48 There is consid-
erable evidence that intracellular Ca2+ signal transduction 
plays an important role in NLRP3 inflammasome activation. 
Studies have shown that the cholesterol-dependent cytol-
ysin-induced activation of NLRP3 inflammasome in mouse 
macrophages requires Ca2+ influx.49 Ca2+ signal transduc-
tion can trigger mitochondrial instability and production 
of the mitochondrial associated ligand (mtROS, mtDNA) 
that activates NLRP3 inflammasome.47,50,51 Unstable mi-
tochondria also affect the Ca2+ uptake and lead to cardi-
olipin externalization, which also plays an important role 
in NLRP3 inflammasome activation.52 Studies have shown 
that the use of Ca2+ channel inhibitors can effectively in-
hibit NLRP3 inflammasome activation, which also indicates 
that Ca2+ influx plays an important role in NLRP3 inflam-

masome activation.53,54 In addition, it has been suggested 
that Ca2+ activated Ca2+-sensing receptor (CASR) and the 
GPCR family C group 6 member A (GPRC6A) lead to the 
activation of phospholipase C (PLC), which then hydro-
lyzes phosphatidylinositol diphosphate (PIP2) into inositol 
triphosphate (IP3) and diacylglycerol (DG); IP3 activates 
the IP3 ligand gate Ca2+ channel in the ER, resulting in the 
release of Ca2+ from the ER.55,56 See Figure 1 for details. 
K+ efflux also plays an important role in NLRP3 activa-
tion.57 It has been found that K+ flux may affect Ca2+ flux 
and seems to respond to mitochondrial destruction and cell 
volume regulation, which provide conditions for the activa-
tion of NLRP3 inflammasome as well as the study of Groß 
etc.46,58–60

In addition, ATP-mediated P2X7R has received increasing 
attention in recent years due to its activation of the NLRP3 
inflammasome, which is involved in the pathophysiological 
regulation of various diseases, including liver disease. It 
has been found that ATP-induced P2X7R mediates NLRP3 
inflammasome-dependent IL-1β secretion in neutrophils.61 
It has also been reported that NLRP3 inflammasome acti-
vated by P2X7R in hippocampal glial cells mediates chronic 
stress-induced depressive-like behaviors.62 The study of 

Fig. 1.  Regulation of NLRP3 activation by Ca2+ signaling. High extracellular Ca2+ concentration activates CASR and the GPRC6A. The activation of GASR and 
GPRC6A leads to the activation of PLC, which hydrolyzes PIP2 into IP3 and DG, and IP3 activates the IP3 ligand gate Ca2+ channel in the ER, resulting in the release 
of Ca2+ from the ER. Activated CASR also inhibits adenylate cyclase (ADCY), thereby alleviating the inhibition of cAMP on the NLRP3 inflammasome assembly. Ca2+ 
released by the ER, Ca2+ flowing through the P2X7R channel, and Ca2+ released by unstable lysosomes, all provide important conditions for the high concentration 
of Ca2+ in the intracellular environment. In addition, high intracellular Ca2+ concentration (especially Ca2+ released from the ER) leads to mitochondrial Ca2+ uptake 
overload, and mitochondrial damage leads to increased mtROS and mtDNA release, which are required for NLRP3 inflammasome activation. In addition, the activated 
NLRP3 inflammasome activates caspase-1, which further enhances mitochondrial damage. Created with BioRender.com
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Jiang et al.63 showed that the activation degree of eATP for 
HSCs depends on activation of the NLRP3 inflammasome 
mediated by P2X7R, and proposed that blocking the axis 
of the P2X7R-NLRP3 inflammasome is a potential target 
for the treatment of hepatic fibrosis. ATP-activated P2X7R 
provides a critical channel basis for K+ efflux and Ca2+ in-
flux and is an important condition for NLRP3 inflamma-
some activation.

Studies have shown elevated levels of NLRP3, IL-1β and 
caspase-1 in the livers of ALD patients,64 and significant-
ly elevated levels of IL-1β in the serum of patients with 
severe ASH.65 Similarly, the expression of NLRP3 and IL-
1β was significantly increased in the liver of alcohol-fed 
mice.66 Activation of the p2X7R-NLRP3 inflammasome has 
been reported to influence alcoholic steatosis by modulat-
ing AMPK-dependent adipogenesis.67 ALD inchoate disease 
exhibits the main characteristic of liver adipose denatura-
tion. Excess free fatty acids (FFAs) are esterified into tri-
glyceride (TG), which is present in hepatocytes as lipid 
droplets. When the amount of FFAs exceeds the storage 
capacity of lipid droplets, FFAs produce lipid toxicity to 
hepatocytes and cause oxidative stress and ER stress.1,68 
The stress response further causes lipid metabolism disor-
der of hepatocytes. FFAs also activate transcription factors 
such as nuclear factor kappa-B (NF-κB), which supports 
secretion of pro-inflammatory factors and chemokines, 
activate liver-resident macrophages such as KCs, and re-
cruits circulating monocytes/macrophages into the liver 
to enhance liver inflammation.68 What is more, the acti-
vated NLRP3 inflammasome prompts ASC to cleave pro-
caspase-1 into active caspase-1in KCs. Active caspase-1 
promotes the conversion of pro-IL-1β to IL-1β, which fur-
ther enhances the inflammatory response.44,69 This is the 
main intracellular mechanism by which the NLRP3 inflam-
masome is known to promote the development of ASH.70 
In addition, few studies have investigated the intracellular 
mechanisms involved in NLRP3 inflammasome activation 
in ALD. Further studies suggest that inhibition of NLRP3 
inflammasome activation can effectively inhibit the further 
deterioration of ASH and alleviate alcohol-induced liver 
damage. For example, Zhou et al.71 found that cyanidin-
3-O-β-glucoside inactivates the NLRP3 inflammasome and 
alleviates ASH via the SirT1/NF-κB signaling pathway. Liu 
et al.72 found that magnolol prevents acute alcoholic liver 
damage by activating PI3K/Nrf2/PPARγ and inhibiting the 
NLRP3 signaling pathway.

KCs, HSCs, ASH and alcoholic liver fibrosis

ASH (ASH) is one of the important types of ALD, and is 
characterized by jaundice and signs of liver failure.1,73 Alco-
holic liver fibrosis is a pathophysiological process, involving 
excessive deposition of diffuse extracellular matrix (ECM) 
(especially collagen) in the liver during chronic liver injury 
caused by alcohol.74,75 The alcohol-induced inflammatory 
immune response plays a central role in the development of 
ALD. It disrupts the balance of pro- and anti-inflammatory 
functions in the liver, causing it to remain chronically in-
flamed.76 There is evidence that alcohol-induced inflamma-
tory immune responses play an important role in the devel-
opment of ASH and alcoholic fibrosis.77

KCs are liver-resident macrophages that recognize, in-
gest, and degrade cell debris, foreign bodies, and patho-
gens.78 KCs are also highly secretory, with the ability to 
secrete a variety of active mediators to regulate homeosta-
sis and participate in inflammatory responses and various 
immune responses.79,80 There are two main sources: one 
is KCs inherent in the liver, and the other is KCs formed 
after hematopoietic stem cells from bone marrow differen-

tiate into monocytes and migrate to the liver.15,81 Studies 
have shown that liver injury caused by ethanol metabolism 
in ALD can be sensed and triggered by KCs, which then 
release pro-inflammatory cytokines and inflammatory 
chemokines, and recruit free monocytes into blood vessels 
to converge to the liver and reside as KCs.19,81 KCs are usu-
ally the first response to immunogenicity cells derived from 
alcohol-induced gut microbes (especially the microbe’s li-
popolysaccharide [LPS]).82 KCs express toll-like receptors 
that trigger pro-inflammatory pathways in response to LPS, 
and also express P2X7R that activates KCs and triggers 
pro-inflammatory pathways when stimulated by eATP.32,34 
The mainstream view is that KCs release inflammatory 
cytokines and chemokines extracellularly, mainly through 
the NF-κB pathway.68 However, it has been found in recent 
years that the NLRP3 inflammasome plays an important role 
in the KC-mediated inflammatory response, and KCs can 
also release pro-inflammatory cytokines into the extracel-
lular space by activating the NLRP3 inflammasome.66,83 A 
study found that blocking the NLRP3 inflammasome in KCs 
reduced liver inflammation in mice.84 Another study showed 
that, in NLRP3 knockout mice, the KC-mediated inflamma-
tory response can be effectively suppressed.85 Interestingly, 
ROS and cytokines released by KCs during inflammation can 
further exacerbate liver damage, leading to a vicious cy-
cle.68,86 In addition, it has been reported that activated KCs 
can produce a variety of chemokines and cytokines that di-
rectly affect the activation of HSCs, including TGF-β, tumor 
necrosis factor-alpha (TNF-α), IL-1β, monocyte chemoat-
tractant protein (MCP1) and platelet-derived growth factor 
(PDGF). For example, the Pradere et al.87 study demon-
strated that KCs can enhance the survival rate of HSCs in a 
NF-κB-dependent manner, thus promoting liver fibrosis. The 
Purohit et al.88 study also showed that KCs can promote the 
activation of HSCs by releasing ROS and TGF-β, and this is 
an indispensable part of the mechanism of alcohol-induced 
liver fibrosis. In conclusion, the KC-mediated inflammatory 
response plays an important role in the development of ASH 
and alcoholic liver fibrosis.

HSCs are a kind of nonparenchymal cells, characterized 
by the storage of retinol in lipid droplets in the cytoplasm.89 
In normal liver, HSCs appear as non-proliferating resting 
cells, but after liver injury, HSCs can be transformed into 
myofibroblasts, which can proliferate, contract, and secrete 
large amounts of ECM.90,91 The process of HSC transdif-
ferentiation from retinol-storage cells to myofibroblasts is 
called the activation of HSC.92 TGF-β is considered to be the 
most effective fibrosis cytokine, which plays a key role in 
activating HSCs and liver ECM deposition, including inducing 
the synthesis and release of ECM components and inhibiting 
ECM degradation.92,93 In activated HSCs, TGF-β can pro-
mote the transcription of type I collagen and III collagen 
by activating the SMAD pathway.94 TGF-β also participates 
in TGF-β-induced gene expression to promote HSC acti-
vation by activating the mitogen-activated protein kinase 
(TAK1) signaling pathway.95 ROS produced by KCs can also 
act as inducers or effectors of the TGF-β signaling pathway, 
thereby promoting the activation of HSCs and exacerbat-
ing the process of liver fibrosis.96 ROS can induce TGF-β 
signaling through various mechanisms, including activa-
tion of matrix metalloproteinases, induction of TGF-β ex-
pression, and increase of TGF-β release through activation 
of the latency-associated protein (LAP). At the same time, 
TGF-β can increase the production of ROS and inhibit anti-
oxidant enzymes, thereby leading to redox imbalance.96,97 
Activated HSCs can also secrete vascular endothelial growth 
factor (VEGF) and TGF-β, thus promoting the activation and 
proliferation of HSC itself.91,98 In addition, damaged hepato-
cytes also produce ROS, nucleotides, lipid peroxides, and 
cytokines (VEGF, insulin-like growth factor 1 [IGF1]) to pro-
mote HSC activation.77,93
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Purinergic signaling pathway as a therapeutic target 
in ASH and alcoholic liver fibrosis

Due to the important role of the purinergic signaling path-
way in the inflammatory development of ASH and alcoholic 
liver fibrosis, interference of the purinergic signaling path-
way may be a new therapeutic strategy for ALD. This pu-
rine signaling pathway includes ATP, CD39, P2X7R and the 
NLRP3 inflammasome downstream of P2X7R, all of which 
are involved in the activation, maintenance, and amplifica-
tion of inflammatory signals, and are core drivers in the 
development of alcoholic steatosis and alcoholic liver fi-
brosis. As shown in Figure 2, the toxic effects of ethanol, 
oxidative metabolites of ethanol and lipid metabolism disor-
ders on hepatocyte cells cause the extracellular release of 
ATP, which activates P2X7R on KCs, thus opening cationic 
channels and mediating K+ efflux and Ca2+ influx.25,34,36 
K+ efflux and Ca2+ influx in the intracellular environment 
activate NLRP3 inflammasome assembly, further activating 

caspase-1 and mediating IL-1β production and release.44,58 
Therefore, targeted therapy of the purinergic pathway may 
be an effective means to eliminate the inflammatory re-
sponse induced by liver injury. More and more attention has 
been paid to the purine signaling pathway in ALDs, espe-
cially after the P2X7R-NLRP3 signaling pathway was found 
to be involved in ALD.

In recent years, this hypothesis has been further sup-
ported by evidentiary research findings. For example, it has 
been suggested that eATP-enhanced HSC activation via the 
P2X7R-mediated NLRP3 pathway enhanced HSC collagen 
expression and promoted ECM deposition.63 It has also been 
found that P2X7R is increased in an acetaldehyde-induced 
HSC activation model and promotes acetaldehyde induction 
through the pkC-GSK3β pathway-induced HSC activation.39 
Dihydroquercetin has been shown to ameliorate alcoholic 
steatosis by signaling the P2X7R-NLRP3 inflammasome acti-
vation pathway.67 Su et al.99 found that P2X7R blocker could 
reduce ASH and liver injury in alcohol-fed mice, and fur-
ther studies showed that P2X7R blocker inhibited meK1/2-

Fig. 2.  Schematic diagram of the P2X7 receptor/NLRP3 inflammasome axis involved in the pathogenesis of ALD and evolution into ASH and alcoholic 
liver fibrosis. Ethanol, oxidative metabolites of ethanol and lipid metabolism disorders can cause excessive production of mtROS, resulting in oxidative stress, ER 
stress, and steatosis of liver cells; acetaldehyde depletes the glutathione in the mitochondria, making hepatocytes more sensitive to oxidative stress, and ultimately 
leads to hepatocellular necrosis. The necrotic hepatocytes can release ATP, which activates P2X7R on KCs, thus opening cationic channels and mediating K+ efflux and 
Ca2+ influx. K+ efflux and Ca2+ influx in the intracellular environment activate the NLRP3 inflammasome assembly, further activating caspase-1 and mediating IL-1β 
production and release. Il-1β secreted by activated KCs activates resting KCs, further amplifying the alcohol-induced inflammatory response. The ROS and cytokines se-
creted by it can further aggravate the damage to hepatocytes, and the secreted ROS, TGF-β and PDGF can promote the activation and proliferation of HSCs. In addition, 
necrotic hepatocytes release HMPB1, which promotes the inflammatory response of macrophages. Necrotic hepatocytes also secrete ROS, VEGF and IGF1 to promote 
the active proliferation of HSCs. Activated HSCs (myofibroblasts) secrete excessive collagen and ECM, leading to alcoholic liver fibrosis. Created with BioRender.com
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ERK1/2 phosphorylation and EGR-1 expression in the liver 
and intestine tissue of alcohol-fed mice. Current studies 
on the mechanism of inhibiting P2X7R to reduce alcoholic 
steatosis and alcohol-induced liver injury mostly focus on 
inhibiting Ca2+ influx and K+ outflow by inhibiting P2X7R, so 
as to avoid a series of signal cascade reactions caused by 
intracellular Ca2+ and K+ disturbance.99,100 One of the most 
representative is the activation of the NLRP3 inflammasome 
due to intracellular Ca2+ and K+ disturbance, which leads 
to a series of inflammatory responses.101 Few studies have 
explored the intracellular mechanism of P2X7R activation in 
ALD, and this aspect needs to be further studied.

At present, it has been reported that P2X7R inhibitors 
are useful to relieve ASH and alcoholic liver injury; moreo-
ver, P2X7R inhibitors can effectively relieve the alcohol-in-
duced inflammatory response and liver injury in mice and 
zebrafish.99,100 Recent studies suggest that the P2X7R-NL-
RP3 inflammasome axis may be an effective target for the 
treatment of ASH and alcoholic liver fibrosis. Drug develop-
ment based on blocking the P2X7R-NLRP3 inflammasome 
axis may be a practical and effective research direction. It 
should be noted that there are many subtypes of the P2X 
family, and the drugs currently used to study P2X7 block-
ade are not highly specific; however, chemically synthe-
sized P2X7R-specific blockers are highly toxic. Moreover, 
P2X7R plays an important role in a variety of inflamma-
tory and immune responses, and systemic application of 
P2X7R blockade may bring about a series of systemic chain 
reactions.30,102 Therefore, drugs that are highly selective 
for P2X7R and have liver targeting may be an important 
direction of future research, and how to achieve safe and 
effective application is also a problem to be solved. Most 
importantly, although P2X7R blockade has achieved good 
results in alleviating ASH and alcohol-induced liver injury at 
present, most of the current studies are limited to animal 
samples, and there is no clinical study data on human sam-
ples. Whether P2X7R blockers are effective in humans and 
the possible adverse clinical symptoms are not clear, and 
further studies in humans need to confirm the observation 
results from cells and animals.

In addition, in recent years, the international research 
on herbal medicine and its extracts has attracted exten-
sive attention. Several herbal medicine and their extracts 
have been shown to protect against alcohol-induced liver 
damage. For example, quercetin alleviates chronic etha-
nol-induced liver mitochondrial damage by enhancing mi-
tochondrial phagocytosis.103 Xiao et al.104 found that Ly-
cium barbarum polysaccharide reduces alcohol-induced 
liver injury through the TXNIP-NLRP3 inflammasome path-
way. Yang et al.105 found that betaine attenuates chronic 
alcohol-induced fatty liver by broadly regulating hepatic 
lipid metabolism. It has been suggested that leucodin (a 
sesquiterpene lactone from Artemisia capillaris) can inhibit 
inflammatory responses in macrophages and lipid accumu-
lation in liver cells through p2X7R-NLRP3 inflammasome 
activation.101 Herbal medicines and their extracts seem 
to have a unique advantage in protecting against alcohol-
induced liver damage. For the protection of liver injury 
caused by alcohol, the study of herbal medicine and its 
extracts may be an effective direction, but it still needs 
further research and development.

Conclusions

The incidence and mortality of ALD worldwide are increas-
ing year by year, but the treatment of patients with ALD 
is still challenging and controversial.3,106 Due to the com-
plex pathogenesis of ALD, there is still no effective preven-
tion and treatment in addition to alcohol withdrawal and 

nutritional treatment, so there remains an urgent need to 
develop new targeted treatment methods for ALD.64,107,108 
This review briefly discussed the involvement of the inflam-
matory body axis of P2X7R-NLRP3 in the pathogenesis of 
ALD and the evolution to ASH and alcoholic liver fibrosis. 
The P2X7R-NLRP3 inflammasome axis may still be an ef-
fective therapeutic target, although the cascade of events 
that regulate the p2X7R-NLRP3 inflammasome axis has 
not been fully identified and further studies are needed to 
understand it. These recent advances in our understand-
ing of the P2X7R-NLRP3 axis may bring new target foci for 
modulating KC activation to help alleviate inflammatory re-
sponses and ALD.
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