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Purpose: It is well known that inflammation plays a key role in complex pathological progressions of alcohol-associated liver disease
(ALD). To date, effective therapy for ALD is lacking. P2Y2 receptor (P2Y2R), a G protein-coupled P2Y purinergic receptor,
represents a novel pharmacological target in many inflammations.
Methods: The alcohol-associated liver injury and inflammation mouse model was established. The effect of P2Y2R on alcohol-
induced liver injury and inflammation was evaluated using quantitative real-time PCR, Western blot and immunohistochemical assay.
An alcohol-stimulated (100 mmol/L, for 24 h) AML-12 cell model was established. Different agonists, antagonists and P2Y2R siRNA
were used to explore the possible mechanisms of P2Y2R.
Results: In vivo, results showed that the hepatoprotective effect of P2Y2R blockade by significantly suppressed liver structural
abnormalities and lipid infiltration, and decreased levels of ALT/AST and TNF-α/IL-1β in the high dosage group of suramin (20 mg/
kg) compared to control diet (CD)-fed mice. At the same time, we found that alcohol feeding promoted the phosphorylation of EGFR
and ERK1/2, both of which were effectively inhibited by suramin (20 mg/kg). In vitro, suramin or P2Y2R silencing effectively
inhibited the phosphorylation of EGFR and ERK1/2, similar to the down-regulated effects of their corresponding inhibitors (EGFR
inhibitor AG1478 and ERK1/2 inhibitor U0126) accompanied by reduced levels of TNF-α and IL-1β compared to alcohol-induced
AML-12 cell. In addition, we found that silencing P2Y2R attenuated the apoptosis of hepatocyte.
Conclusion: Our findings suggest that P2Y2R regulates alcoholic liver inflammation by targeting the EGFR-ERK1/2 signaling pathway
and plays an important role in hepatocyte apoptosis, which may provide new ideas for the development of methods to treat ALD.
Keywords: P2Y2 receptor, alcoholic liver inflammation, EGFR, ERK1/2

Introduction
As the most common chronic liver disease in the world, alcohol-associated liver disease (ALD) causes great harm, but there is
still no effective treatment method.1 ALD is an intricate pathological process containing a wide spectrum from steatosis, and
alcohol-associated hepatitis (AH) to cirrhosis. ALD has become a public health problem with high incidence and mortality.2,3

Because of the limitations in the therapeutic options, it is no doubt that the newer and more effective pharmacological agents
for ALD patients are imperative. Previous studies revealed that alcohol and enterogenous endotoxin can both promote
macrophage activation, followed by a series of inflammatory reactions and eventually lead to liver damage.4,5 High levels of
inflammatory factors such as TNF-α and IL-1β have been documented among ALD patients, probably because of elevated
circulating lipopolysaccharides (LPS).6 Notably, inflammatory responses are particularly critical in the progression of ALD.7

It appears to be significant to identify an inflammatory target for the treatment of ALD. P2Y2 receptor (P2Y2R), a member of
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the G protein-coupled P2Y purinergic receptors, represents a novel pharmacological target in many inflammations such as
radiotherapy-resistant breast cancer, diabetic nephropathy vascular inflammation and atherosclerosis.8–11 It was reported that
extracellular ATP and purinergic P2Y2R signaling promoted liver tumorigenesis in both mice and humans.12,13 Our group has
previously shown that blockade of extracellular ATP-P2Y2R signaling represents a potential therapeutic effect on alcohol-
induced steatohepatitis, but the specific mechanism is still unclear.14 Furthermore, recent findings have suggested that the
P2Y2R-specific agonist, UTP, increases ERK phosphorylation and thus cell proliferation via P2Y2R in hepatocytes from
CCl4-induced fibrotic mice.15 In esophageal cancer, P2Y2 receptors can also promote cell proliferation via the ERK1/2
pathway.16 Importantly, another study demonstrated that early activation of p42/44 ERK and subsequent hepatocyte
proliferation in response to 70% partial hepatectomy were impaired in P2Y2R knockout mice.17 These studies highlight the
importance of purinergic P2Y2R signaling in liver diseases. Epidermal growth factor receptor (EGFR) plays an important role
in liver regeneration.18 Extracellular signal-regulated kinase 1/2 (ERK1/2), downstream of EGFR-mediated signaling,
regulates the formation of various inflammatory cytokines.19,20 The EGFR-ERK1/2 pathway plays a crucial role in hepato-
cellular carcinoma (HCC).21 Another study indicated that blocking the P2Y2R receptor attenuates tumor cell proliferation and
the tumorigenesis is related to EGRF-ERK1/2.22 Accumulating evidence implies a close relationship between P2Y2R and
EGFR-ERK1/2, but their roles in ALD are still unclear. Here, we examined the roles of P2Y2R and EGFR-ERK1/2 in
alcoholic liver inflammation using a mouse model of chronic plus binge alcohol feeding and an alcohol-stimulated AML-12
cell model.

Materials and Methods
Antibodies and Reagents
The selective P2Y2R agonist UTP was purchased from TOCRIS (USA). The competitive P2Y2R antagonist suramin was
purchased from Sigma (USA). The selective EGFR antagonist AG1478 was provided by Selleck (USA). The ERK1/2
antagonist U0126 was supplied by MCE (USA). Antibodies against β-actin, P2Y2R and tumor necrosis factor-α (TNF-α)
were purchased from Bioss (Beijing, China). Antibodies against Interleukin-1β (IL-1β) were purchased from Proteintech
(Chicago, USA). Antibodies against total ERK, phospho-ERK1/2 (p-ERK1/2), total EGFR and phospho-EGFR (p-
EGFR) were obtained from Elabscience (Wuhan, China). Goat anti-rabbit immunoglobulin G (IgG) horseradish perox-
idase (HRP) and goat anti-mouse IgG HRP were supplied by ZSGB-BIO (Beijing, China). TRIzol reagent was obtained
from Invitrogen (California, USA). PrimeScript RT Master Mix (Perfect Real Time) and Maxima SYBR Green qPCR
Master were purchased from TaKaRa (Dalian, China). Alanine aminotransferase (ALT) assay kit and aspartate amino-
transferase (AST) assay kit, Oil Red O were from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). Ethyl
alcohol (ETOH) was provided by Shanghai Zhen Qi Chemical Reagent (China).

Cell Culture and Cell Treatment with Alcohol
AML-12 cells, immortalized mouse hepatocytes, were purchased from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). Cells were cultured in Dulbecco’s modified Eagle’s medium/Ham’s nutrient mixture F-12 (DME/F-12,
HyClone, USA) containing 8% fetal bovine serum (Clark, Australia) and incubated at 37°C in an atmosphere with 5% CO2.
An in vitro model of ALDwas induced by treating AML-12 cells with ethanol (100 mmol/L) for 24 h (Kim et al 2015). UTP
(1.89 μM), suramin (200 μM), AG1478 (3 nM) or U0126 (65 nM) was administrated one hour before alcohol exposure.

RNA Interference
Sequences of small interfering RNA (siRNA) oligonucleotides against the P2Y2R gene and negative control were
designed and synthesized by GenePharma (Shanghai, China) as follows: P2Y2R siRNA (forward: 5′-GCU CUC UAU
AUC UUC CUA UTT-3′ and reverse: 5′-AUA GGA AGA UAU AGA GAG CTT-3′); negative control (forward: 5′-UUC
UCC GAA CGU GUC ACG UTT-3′ and reverse: 5′-ACG UGA CAC GUU CGG AGA ATT-3′). Cells were transfected
with siRNA using siRNA-Mate (GenePharma, China) according to the manufacturer’s instruction manual.
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Animals and Treatment
C57BL/6 male mice, weighing 18–22 g, were purchased from the Laboratory Animal Center of Anhui Medical
University and acclimated for 3 days prior to the initiation of experiments. Animals and protocols used in experiments
were approved by the institutional subcommittees on animal care. Animals were serviced following the Guides of Center
for Developmental Biology, Anhui Medical University for the Care and Use of Laboratory. A total of 70 mice were
randomly divided into five groups. Control mice, Alcohol mice, and suramin-treated mice at doses of 5, 10 and 20 mg/kg/
day (Liu et al 2019). A mouse model of chronic plus binge ethanol feeding was established as described (Bertola et al
2013). During the first 5 days, all mice were fed a liquid control diet supplemented with vitamins and choline. Then, the
EtOH-fed mice were fed a liquid diet containing 5% (v/v) ethanol for 10 days according to the feeding protocol, while
the CD-fed mice were fed with a liquid diet containing isocaloric maltose-dextrin. From the ninth day, all suramin-treated
mice were administrated by intraperitoneal injections daily. At day 16, the EtOH-fed animals and drug-treated animals
were gavaged with a single binge of ethanol (5 g/kg body weight, 20% ethanol), while the CD-fed mice were given an
isocaloric dose of dextrin maltose gavage. Nine hours after the last gavage, the mice were anesthetized with pentobar-
bital sodium. Blood was obtained and stored at room temperature for serum collection. Liver samples and serum were
preserved at −80°C for further analysis.

Histopathological Assessment
Hematoxylin/eosin (HE) staining: Liver tissues were embedded in wax after fixation in 4% paraformaldehyde solution
and then sliced (3–5 μm). The sections were dewaxed in gradient xylene (xylene I and xylene II) and gradient ethanol
(100% ethanol, 95% ethanol, 80% ethanol), and were stained using hematoxylin and eosin dye.

Immunohistochemistry (IHC): After dewaxing, the repair of tissue antigen was proceeded, and then the sections were
incubated with primary antibody against P2Y2R and second antibody following sealing with bovine serum albumin.
P2Y2R was visualized by 3,3′-diaminobenzidine tetrahydrochloride (DAB) staining.

Oil Red O staining: Fresh liver tissues were immersed in freezing medium and stored at −80°C. The liver tissues were
sliced and stained with Oil Red O according to the instructions from the manufacturer.

Biochemical Analysis
After 3 h of storage at room temperature, mouse serum was obtained by separating blood (3000 rpm, 30 min at 4°C) and
then was saved at −80°C until further processing. The serum levels of ALT and AST were detected by the Reitman-
Frankel method using commercial kits.

Real-Time Quantitative PCR (RT-qPCR)
Total RNA was extracted from AML-12 cells or liver tissues using TRIzol reagent in accordance with the manufacturer’s
protocol, and the concentrations and purity of RNAwere measured using a Nanodrop 2000 (Thermo Scientific, USA). Single-
strand cDNAwas generated utilizing a Transcripter Synthesis Kit. The relative levels of objective mRNAs (P2Y2R, TNF-α,
IL-1β) were determined through qPCR analysis with a PikoRreal 96 Real-Time PCR detection system (Thermo Scientific,
USA) using Maxima SYBR Green qPCR Master. The primer sequences used in the study were designed and synthesized via
Sangon Biotech (Shanghai, China) as follows: P2Y2R (forward: 5′-ATATCA GCC CCT TTA ACA AGC-3′ and reverse: 5′-
CAG TCA GCA GTG ACG ACT CAA-3′); TNF-α (forward: 5′-CAG GTC ACT GTC CCA GCATCT-3′ and reverse: 5′-
GAG TCCGGGCAGGTC TAC TTT-3′); IL-1β (forward: 5′-GGTAAG TGG TTG CCCATCAGA-3′ and reverse: 5′-GTC
GCT CAG GGT CAC AAG AAA-3′).

Western Blot
Total proteins were extracted from AML-12 cells or liver tissues using enhanced RIPA lysis buffer containing
phenylmethanesulfonyl fluoride (PMSF, 100:1) (Beyotime, China). Protein concentrations were measured with a BCA
protein assay kit (Beyotime, China). Protein separation was performed through SDS-PAGE followed by transfer onto
PVDF membranes (Millipore, USA), which were blocked with 5% skimmed milk for three hours at room temperature.
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Then, the transferred PVDF membranes were incubated in primary antibody solution overnight at 4°C. After three
washes using TBS/T (Tris buffered saline + 0.05% Tween 20), the membranes were incubated with goat anti-mouse or
goat anti-rabbit horseradish peroxidase (HRP) conjugate antibody for 1 h. After three washes, protein bands were
visualized using an ECL-chemiluminescent kit (Thermo Scientific, USA).

Flow Cytometry
The Annexin-V-FITC/PI Apoptosis Detection Kit (Best bio, China) was used to detect AML-12 cell apoptosis. AML-12
cells were collected in 1.5 mL centrifuge tubes. In dark conditions, Annexin V binding solution was added to resuspend
cells, Annexin V-FITC staining solution was added to react for 15 min at 4°C, PI staining solution was added, and the
cells were filtered with mesh cloth and transferred to a flow tube, followed by detection of the stained cells using flow
cytometry.

Statistical Analysis
The data are representative of at least three independent experiments and all values are expressed as the mean ± SD using
GraphPad Prism (San Diego, CA). Statistical analysis of the results was determined by one-way ANOVA. P < 0.05 was
considered to be statistically significant.

Results
Suramin Mitigated Alcohol-Induced Liver Injury
First, we further confirmed that there was a protective effect of suramin on chronic plus binge alcohol feeding-induced liver
injury. As shown by the results of HE staining and Oil Red O staining (Figure 1A and B), the liver tissues of Alcohol group
displayed marked hepatic cord disorders and inflammatory cell infiltration as well as abundant fat vacuoles compared to the
control group. Meanwhile, Western Blot results showed that alcohol feeding induced the expression of P2Y2R (P < 0.01,
compared to control group). However, P2Y2R expression was suppressed by suramin dose-dependently, especially in the
highest dose group (20 mg/kg) (Figure 2A and B). As shown in Figure 1C, IHC further confirmed the inhibitory effect of
suramin on P2Y2R (negative control is shown in Supplementary Figure 1), implying that P2Y2Rmay play a key role in ALD.
Moreover, alcohol-induced liver damage mentioned above was also reduced by suramin in a dose-dependent manner
(Figure 1A and B). The serum parameter evaluation showed that ALT (P < 0.01, compared to control group) and AST
(P < 0.01, compared to control group) levels were significantly increased by alcohol feeding (Figure 1D), which is consistent
with HE staining. Similarly, suramin (20 mg/kg) significantly decreased ALT (P < 0.01, compared to Alcohol group) and AST
(P < 0.01, compared to Alcohol group) levels. We also measured the effect of suramin on the alcohol-induced inflammatory
response in mice.Western Blot data showed that alcohol feeding caused elevated protein levels of TNF-α (P < 0.01, compared
to control group) and IL-1β (P < 0.01, compared to control group), which were significantly suppressed by suramin (20mg/kg,
P < 0.01, compared to Alcohol group, Figure 2A, C and D). Given that suramin (20 mg/kg) sufficiently blocked liver injury,
this dose was used to analyze the possible mechanisms in subsequent in vivo trials.

Hepatoprotective Effect of Suramin Was Associated with Inhibiting EGFR-ERK1/2
Signaling Pathway
Western Blot data of liver tissues revealed that the phosphorylation levels of EGFR (P < 0.01, compared to control group) and
ERK1/2 (P < 0.01, compared to Alcohol group) were significantly promoted in Alcohol group, both of which were effectively
inhibited by suramin (20mg/kg,P < 0.01, compared to Alcohol group, Figure 2E and F). Current findings suggest that suramin
mitigated alcohol-induced liver injury, which may be associated with EGFR-ERK1/2 signaling inhibition.

Inhibition or Silencing of P2Y2R Mitigated Alcohol-Induced AML-12 Cell Inflammation
To further evaluate the role of P2Y2R in ALD at the cellular level, we interfered with P2Y2R using agonists, antagonists
and siRNA in alcohol-stimulated AML-12 cells. The results of Western Blot and RT-qPCR consistently showed that
TNF-α (P < 0.01, compared to control group) and IL-1β (P < 0.01, compared to the control group) expression was
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obviously increased after alcohol exposure (Figure 3A–C), suggesting that alcohol exposure induced AML-12 cell
inflammation. Meanwhile, there was a significant upregulation of P2Y2R expression at the protein (P < 0.05) and mRNA
(P < 0.01) levels compared to the control group (Figure 3A–C), suggesting that P2Y2R may play a key role in alcohol-
induced AML-12 cell inflammation. Moreover, we found that compared to alcohol group, UTP (1.89 μM) treatment, a

Figure 1 Suramin mitigated alcohol-induced liver injury. (A) Representative hematoxylin and eosin (H & E) staining of liver tissues in different groups, including control
group, Alcohol group and 5 mg/kg, 10 mg/kg and 20 mg/kg suramin-treated mice. (B) Representative Oil Red O staining of liver sections in different groups. (C)
Representative P2Y2R immunohistochemical staining of liver sections in different groups. (D) Serum ALT, AST, T-CHO and TG levels. The values represent the means ± SD
for at least 6–8 independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 compared to control group. #P < 0.05, ###P < 0.001 compared to Alcohol group.
Abbreviations: Suramin-L, low dosage group of suramin (5 mg/kg); suramin-M, middle dosage group of suramin (10 mg/kg); suramin-H, high dosage group of suramin (20
mg/kg).
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Figure 2 Hepatoprotective effect of suramin was associated with inhibiting EGFR-ERK1/2 signaling pathway. (A–D) The protein expression of P2Y2R, TNF-α and IL-1β in
the liver. (E and F) The protein expression levels of EGFR, p-EGFR, ERK1/2 and p-ERK1/2 in the liver. ***P < 0.001 compared to control group. ##P < 0.01, ###P < 0.001
compared to Alcohol group.
Abbreviation: Suramin-H, high dosage group of suramin (20 mg/kg).
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P2Y2R agonist, further upregulated the expression of P2Y2R (P < 0.05), TNF-α (P < 0.05) and IL-1β (P < 0.05)
(Figure 3D–F). Conversely, suramin (200 μM) significantly downregulated the levels of P2Y2R (P < 0.05), TNF-α
(P < 0.05) and IL-1β (P < 0.05) in alcohol plus suramin-treated cells (Figure 3D–F) compared to the alcohol group.
Moreover, to a certain extent, suramin reversed the high expression of P2Y2R (P < 0.05), TNF-α (P < 0.01) and IL-1β (P
< 0.05) stimulated by alcohol plus UTP compared to the alcohol plus UTP group (Figure 3D–F). Then, P2Y2R siRNA
was applied to verify the protective effect of P2Y2R blockade on alcohol-stimulated cell inflammation. As shown in
Figure 3G–I, P2Y2R knockdown reduced P2Y2R (P < 0.01), TNF-α (P < 0.01) and IL-1β (P < 0.05) expression at the
protein and mRNA levels compared to the alcohol group. We also used P2Y2R-siRNA+UTP as a negative control, and it
can be seen from the results that there was no significant difference between this group and the alcohol group
(Figure 3G–I).

Silencing P2Y2R inhibited apoptosis in AML-12 cell primed with alcohol.
To explore whether P2Y2R has an effect on the apoptosis of AML-12 cell, P2Y2R siRNAwas used. The levels of the cell

apoptosis in AML-12 cell were assessed with methods based onWestern Bolt and flow cytometry.Western blot results showed
that the ratio of Bax/Bcl-2 and the expression of cleaved-caspase 3 increased because of EtOH stimulation, whereas silencing
of P2Y2R decreased the protein levels of them. These illustrated that silencing P2Y2R could inhibit the apoptosis of AML-12
cell. There was no significant difference in apoptosis between the P2Y2R-siRNA+UTP group and the Alcohol group. The
flow cytometry results also proved this view (Figure 4A and B).

EGFR Inhibition Mitigated Alcohol-Induced AML-12 Cell Inflammation
We blocked EGFR to further evaluate the role of EGFR in the protective effect of P2Y2R inhibition or silencing in
alcohol-induced AML-12 cells. Analysis of Western Blot showed that alcohol exposure markedly promoted EGFR
phosphorylation (P < 0.01, compared to the control group), which was further augmented by UTP treatment (P < 0.05,
compared to the alcohol group, Figure 5A and B). However, suramin (P < 0.01, compared to alcohol group) or P2Y2R
siRNA (P < 0.01, compared to alcohol group) significantly inhibited EGFR phosphorylation (Figure 5A–D) just as the
downregulated effect of EGFR inhibitor AG1478 (3 nM, P < 0.05, compared to alcohol group, Figure 5E and F).
Moreover, suramin decreased the p-EGFR expression (P < 0.05, compared to alcohol plus UTP group) caused by alcohol
plus UTP exposure (Figure 5A and B). However, there was no significant difference between the P2Y2R-siRNA+UTP
group and the Alcohol group (Figure 5C and D). In addition, AG1478 significantly decreased the levels of inflammatory
cytokines such as TNF-α (P < 0.01) and IL-1β (P < 0.01, Figure 5G–I) compared to the alcohol group, suggesting that
EGFR inhibition alleviates alcohol-induced AML-12 cell inflammation.

ERK1/2 Inhibition Mitigated Alcohol-Induced AML-12 Cell Inflammation
We blocked ERK1/2 or EGFR to further evaluate the role of EGFR-ERK1/2 in the protective effect of P2Y2R inhibition
or silencing on alcohol-induced AML-12 cell inflammation. The results revealed that alcohol stimulation promoted
phosphorylation of ERK1/2 (P < 0.01, compared to the control group) in AML-12 cell. The phosphorylation level of
ERK1/2 was further augmented by UTP (P < 0.05, compared to the alcohol group) but was substantially decreased by
suramin (P < 0.01, compared to the alcohol group) or P2Y2R siRNA (P < 0.01, compared to the alcohol group,
Figure 6A–D). Moreover, suramin decreased alcohol plus UTP-induced ERK1/2 phosphorylation (P < 0.01, compared to
the alcohol plus UTP group, Figure 6A and B). And there was no significant difference between the P2Y2R-siRNA+UTP
group and the alcohol group (Figure 6C and D). These findings suggested that ERK1/2 activity was regulated by P2Y2R.
What is noteworthy is that alcohol-promoted ERK1/2 phosphorylation was also effectively restrained by AG1478
compared to the alcohol group (P < 0.05, Figure 6E and F), similar to the role of U0126 (P < 0.05, compared to the
alcohol group, Figure 6G and H), identifying the EGFR-ERK1/2 pathway participated in alcohol-induced AML-12 cell
inflammation. Furthermore, U0126 significantly downregulated the levels of TNF-α (P < 0.05) and IL-1β (P < 0.05,
Figure 6I–K) compared to the alcohol group, suggesting that ERK1/2 inhibition alleviated alcohol-induced AML-12 cell
inflammation.
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Figure 3 Inhibition or silencing of P2Y2R mitigated alcohol-induced AML-12 cell inflammation. (A–C) The protein and mRNA expression levels of P2Y2R, TNF-α and IL-1β
in alcohol-induced AML-12 cell. (D–F) The effect of the P2Y2R agonist UTP (1.89 μM) and the P2Y2R antagonist suramin (200 μM) on alcohol-induced protein and mRNA
expression of P2Y2R, TNF-α and IL-1β in AML-12 cell. *P < 0.05, **P < 0.01, ***P < 0.001 compared to the control group. #P < 0.05, ##P < 0.01, ###P < 0.001 compared to
the alcohol group, &P < 0.05, &&P < 0.01 compared to the alcohol plus UTP group. (G–I) The effect of P2Y2R silencing and UTP on alcohol-induced protein and mRNA
expression of P2Y2R, TNF-α and IL-1β in AML-12 cell. ##P < 0.01, ###P < 0.001 compared to the control group. **P < 0.01, ***P < 0.001 compared to the negative control
group.
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Discussion
It has been reported that approximately 3.3 million deaths occurring in adults are related to addictive alcohol consump-
tion worldwide.23 ALD in individuals with heavy alcohol consumption begins with steatosis and progresses into more
severe alcohol-associated hepatitis and/or cirrhosis, but the early stage of ALD is considered to be reversible.2,24 Frank
BurrMallory’s landmark observation in 1911 first identified a link between inflammation and ALD by histopathology
analysis of ALD. Accumulating evidence shows that multiple factors result in the liver inflammatory response including
alcohol metabolites, enriched free fatty acids (FFAs), necrotic cell products and the well-known gut flora-derived LPS.
Importantly, in addition to their important roles in inflammation, many of these proinflammatory factors and their
downstream intermediates are known to be common causes of cell/tissue injury.7,25 Elevated levels of inflammatory
factors such as TNF-α and IL-1β have been documented in the circulation and liver of ALD patients.6 These close links
between alcoholic inflammation and liver injury strongly support that cytokines play a key role in the development of
ALD. Following liver injury, several cell types including hepatocytes secrete inflammatory cytokines. Chronic alcohol
consumption also sensitizes hepatocytes to inflammatory signals and impairs their ability to respond to protective signals.

Some studies have shown that purinergic P2Y2R represents a novel pharmacological target in many inflammatory
reactions.10,26 Accumulating studies have demonstrated that P2Y2R plays a critical role in various liver disorders.12,13 It was
claimed that P2Y2R inhibition protected mice against acute ethanol-induced liver injury by reducing oxidative stress and
lipid accumulation.27,28 These studies highlight the importance of purinergic P2Y2R signaling in liver diseases including
ALD. Then, the data from our work team suggested that inhibition of ATP-P2Y2R signaling with suramin effectively
alleviated liver steatosis and inflammation induced by chronic-binge alcohol feeding.14 In the present study, we used an

Figure 4 Silencing P2Y2R inhibited apoptosis in AML-12 cell primed with alcohol. (A) The effect of P2Y2R silencing and UTP on alcohol-induced protein expression of Bax,
Bcl-2 and cleaved caspase-3. (B) The effect of P2Y2R silencing and UTP on the apoptosis of Alcohol-activated AML-12 cell was determined by flow cytometry. *P < 0.05,
***P < 0.001 compared to control group. #P < 0.05, ##P < 0.01 compared to the negative control group.
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Figure 5 EGFR inhibition mitigated alcohol-induced AML-12 cell inflammation. (A and B) The effect of UTP (1.89 μM) and suramin (200 μM) on alcohol-induced EGFR
phosphorylation in AML-12 cell. (E and F) The effect of the EGFR antagonist AG1478 (3 nmol/L) on alcohol-induced EGFR phosphorylation in AML-12 cell. (G–I) The effect
of the EGFR antagonist AG1478 (3 nmol/L) on alcohol-induced protein and mRNA expression of TNF-α and IL-1β in AML-12 cell. **P < 0.01 compared to the control group.
#P < 0.05, ##P < 0.01 compared to the alcohol group, &P < 0.05 compared to the alcohol plus UTP group. (C and D) The effect of P2Y2R silencing and UTP on alcohol-
induced EGFR phosphorylation in AML-12 cell. **P < 0.01 compared to the control group. ##P < 0.01 compared to the negative control group.
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Figure 6 ERK1/2 inhibition mitigated alcohol-induced AML-12 cell inflammation. (A and B) The effect of UTP (1.89 μM) and suramin (200 μM) on alcohol-induced
phosphorylation of ERK1/2 in AML-12 cell. (E and F) The effect of the EGFR antagonist AG1478 (3 nmol/L) on alcohol-induced phosphorylation of ERK1/2 in AML-12 cell.
(G and H) The effect of the ERK1/2 antagonist U0126 (65 nmol/L) on alcohol-induced phosphorylation of ERK1/2 in AML-12 cell. (I–K) The effect of the ERK1/2 antagonist
U0126 (65 nmol/L) on alcohol-induced protein and mRNA expression of TNF-α and IL-1β in AML-12 cell. **P < 0.01, ***P < 0.001 compared to the control group. #P < 0.05,
##P < 0.01 compared to the alcohol group, &&P < 0.01 compared to the alcohol plus UTP group. (C and D) The effect of P2Y2R silencing and UTP on alcohol-induced
phosphorylation of ERK1/2 in AML-12 cell. **P < 0.01 compared to the control group. ##P < 0.01 compared to the negative control group.
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alcohol-stimulated AML-12 cell model and a mouse model of chronic plus binge alcohol feeding to perform experiments.
We confirmed that there was a protective effect of suramin on chronic plus binge alcohol feeding-induced liver injury, as
evidenced by significantly suppressed liver structural abnormalities and lipid infiltration and decreased levels of ALT/AST
and TNF-α/IL-1β in the high dosage group of suramin (20 mg/kg) compared to CD-fed mice (Figures 1 and 2). Meanwhile,
the conclusion of in vitro experiments revealed by Figure 3 were consistent with the mouse experiments.

On the one hand, Liu et al demonstrated thatCD39 attenuated alcohol-induced steatohepatitis by scavenging extracellularATP
to indirectly regulate the expression of P2Y2R. On the other hand, there may be more potential mechanisms by which P2Y2R
blockade exerts hepatoprotective effects that need to be explored.Recent findings have suggested that the P2Y2R-specific agonist,
UTP, increases ERK phosphorylation and thus cell proliferation via P2Y2R in hepatocytes from CCl4-induced fibrotic mice.15

Importantly, another study demonstrated that early activation of p42/44 ERK and subsequent hepatocyte proliferation in response
to 70% partial hepatectomy were impaired in P2Y2R knockout mice.17 ERK1/2, an important member of the MAPK signaling
pathway, plays a major regulatory role in various cellular processes and inflammation.29 Emerging evidence has clarified that
regulatingMAPK signaling pathways exerts hepatoprotective and anti-inflammatory effects in nonalcoholic fatty liver disease.30

EGFR is a transmembrane tyrosine kinase receptor belonging to theErbB family and has been identified as a key factor inmultiple
phases of liver injury from early inflammation, and fibrogenesis to tumor transformation.31,32 Evidence has revealed that EGFR
and P2Y2R are both involved in the physiology and pathophysiology of the liver.33 Fuchs et al found that EGFR inhibition
protected against hepatocyte lesions.34 Therefore, the possible roles of P2Y2R/EGFR/ERK1/2 in ALD aroused our interest.

In vivo, we found that alcohol feeding promoted the phosphorylation of EGFR and ERK1/2, both of which were
effectively inhibited by suramin (20 mg/kg), implying that EGFR-ERK1/2 signaling may play a role in ALD. In vitro,
silencing of P2Y2R inhibited apoptosis in AML-12 cell and suramin or P2Y2R silencing effectively inhibited the
phosphorylation levels of EGFR induced by alcohol exposure just as the down-regulated effect of EGFR inhibitor
AG1478 (3 nM). Similarly, suramin or P2Y2R silencing effectively inhibited the phosphorylation levels of ERK1/2
induced by alcohol exposure. Notably, alcohol-promoted ERK1/2 phosphorylation was also effectively restrained with
AG1478, similar to the role of ERK1/2 inhibitor U0126. Furthermore, treatment with AG1478 or U0126 significantly
downregulated the levels of TNF-α and IL-1β caused by alcohol treatment. P2Y2R has two Src-homology-3 (SH3)
binding domains in the intracellular COOH-terminus facilitating transactivation of growth factor receptors such as
EGFR.35,36 ERK is a major downstream factor of the EGFR-RAS-RAF signaling pathway in the liver. Accordingly,
we suggest that P2Y2R blockade attenuates alcoholic liver inflammation via inhibiting EGFR- ERK1/2 signaling
(Figure 7). However, Tackett et al found that cytokines such as TNF-α and IL-6 and cytokine-mediated signaling were

Figure 7 Blockade of the P2Y2 receptor attenuates alcoholic liver inflammation by targeting the EGFR-ERK1/2 signaling pathway.
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intact in P2Y2R knockout remnant livers.17 We will explore whether there is a hepatoprotective effect in mice with
P2Y2R deletion in the future. More potential purinergic mechanisms promoting ALD still need to be found.

Conclusion
Collectively, our data distinctly suggest that P2Y2R plays a crucial role in alcohol-induced liver inflammation and injury.
We demonstrated the hepatoprotective effect of P2Y2R blockade on alcohol-associated liver damage by targeting the
EGFR-ERK1/2 signaling pathway in vivo and in vitro. This study provides insight into the roles of purinergic receptors
in the pathogenesis of ALD and may help to develop a reasonable use of P2Y2R inhibitor-based therapy.
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