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Abstract
Background  Given the rising prevalence of liver fibrosis, there is an urgent need to improve the effective diagnostic 
methods and treatment of liver fibrosis. Although GPCRs are involved in various physiological and pathological 
processes, however, the hepatic functions of GPR56 have rarely been explored. This study aims to investigate the role 
and underlying mechanisms of GPR56 in liver fibrosis.

Methods  The expression of GPR56 in carbon tetrachloride (CCl4) and bile duct ligation (BDL) induced mouse liver 
fibrosis, as well as human fibrotic liver tissues, was assessed by western blot, qRT-PCR and immunohistochemistry. 
Then, WGCNA combined with GO enrichment analysis were employed to predict the functions of GPR56. Additionally, 
Gain- and loss-of-function models (in vitro and in vivo) were established to explore GPR56’s function and the signaling 
pathways involved in liver fibrosis and hepatocyte pyroptosis.

Results  GPR56 was upregulated in both human and mouse fibrotic liver tissues, as well as hepatocytes from CCl4-
induced liver fibrosis mice. ROC analysis showed high diagnostic accuracy for cirrhosis (AUC = 0.895, 95% CI: 0.783–
1.000). Moreover, WGCNA and GO enrichment analysis speculated that GPR56 was involved in the inflammatory 
response and extracellular matrix (ECM) synthesis. In vivo assays revealed that hepatocyte-specific overexpression 
of GPR56 attenuated, while knockdown of GPR56 exacerbated NLRP3 inflammasome-mediated pyroptosis and liver 
fibrosis. In vitro experiments confirmed that GPR56 inhibited hepatocyte pyroptosis, leading to the inactivation of 
hepatic stellate cells (HSC). Mechanistic experiments further revealed that GPR56 attenuated hepatocyte pyroptosis 
via inhibiting the activation of NF-κB pathway.
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Background
Liver fibrosis represents a pathological response to 
chronic liver injury, characterized by the aberrant depo-
sition of connective tissue within the liver. This leads to 
structural disruption and subsequent functional impair-
ment of hepatic tissue [1–5]. Early-stage liver fibrosis 
can be managed or potentially reversed with prompt and 
efficacious intervention. Conversely, delayed or inad-
equate treatment can escalate to cirrhosis or hepatocellu-
lar carcinoma. Although current therapeutic approaches 
including chemotherapy, surgical resection, liver trans-
plantation, and emerging targeted and immunotherapies 
have improved outcomes for patients with cancer or liver 
failure [6–10], the global burden of chronic liver diseases 
remains substantial. This is largely due to the complex 
etiology of liver pathologies, such as viral hepatitis, alco-
holic liver disease, and non-alcoholic fatty liver disease, 
which contribute to rising incidence rates worldwide [1, 
2]. As a pivotal intermediate stage in the progression of 
chronic liver diseases towards cirrhosis and cancer, liver 
fibrosis poses a significant threat to global health. There-
fore, elucidating the pathogenic mechanisms of liver 
fibrosis and developing novel diagnostic and therapeu-
tic strategies are of paramount clinical importance for 
improving patient prognosis [1, 2, 11].

The G protein coupled receptor (GPCR) family is enor-
mous and more than 800 GPCRs have been classified in 
the human genome. Notably, approximately 30% of com-
mercially available drugs target GPCRs [12]. Structurally, 
GPCRs are characterized by their seven-transmembrane 
helices. Alterations in expression or conformational 
changes of GPCRs can significantly alter intracellular sig-
naling pathways, thereby influencing a myriad of physio-
logical and pathological processes [13–16]. Therefore, the 
study of the physiological processes in which GPCRs may 
be involved and their specific ligands is of great impor-
tance for the treatment of diseases.

GPR56 (ADGRG1) belongs to the adhesion GPCRs 
(aGPCRs) subgroup located on the human chromo-
some 16q21 and consists of 14 exons [17]. It was the 
first aGPCR with identified ligands, including CD9/
CD81, transglutaminase 2 (TG2) and type III collagen 
[18–20]. GPR56 exhibits a broad distribution across 
human organs, including the brain, thyroid, kidney, 
skeletal muscle and hematopoietic system [21]. The 
most well-established function of GPR56 is its criti-
cal role in cerebral cortex development [22]. Mutations 
in GPR56 have been reported to trigger a rare familial 
genetic disorder of the cerebral cortex, namely bilateral 

frontoparietal polymicrogyria (BFPP), further support-
ing the integral role of GPR56 in cerebral cortex devel-
opment [23]. Additionally, GPR56 also plays a role in 
regulating the proliferation of oligodendrocyte precur-
sor cells (OPCs) and myelin repair in neurons within the 
central nervous system. One study found that GPR56 
is expressed in two animal models of myelin repair and 
promotes the proliferation of OPCs during development 
[24]. Furthermore, GPR56 has been implicated in exert-
ing antidepressant-like effects, and chronic stress in mice 
leads to a significant reduction in GPR56 expression in 
the blood, prefrontal cortex, and dorsal hippocampal 
regions. This downregulation correlates with the mani-
festation of depression-like behaviors, which are revers-
ible upon treatment with antidepressants [25]. Moreover, 
GPR56 is involved in the development of several tumors. 
GPR56 has been shown to enhance colorectal cancer cells 
(CRC) metastasis by activating the PI3K/AKT signal-
ing pathway, thereby promoting the EMT process [26]. 
In human melanoma cells, activation of GPR56 induces 
interleukin-6 (IL-6) secretion and promotes cell migra-
tion and invasion through the Gα12/13-Rho pathway 
[27]. However, the role of GPR56 in hepatic function has 
rarely been reported. Therefore, in this study, we aim to 
elucidate the biological function of GPR56 in liver fibro-
sis through bioinformatics and multifaceted biological 
experiments, with the objective of assessing its potential 
of GPR56 as a diagnostic and therapeutic target for liver 
fibrosis.

Materials and methods
Data source and analysis
The GEO database was searched for data sets related to 
liver fibrosis, and the data set from the rat BDL model 
GSE174099 and the data set from human cirrhosis 
GSE25097 were identified (Table S1). Subsequently, dif-
ferential gene expression analysis was performed using 
GEO2R, focusing on genes with P.adj < 0.05 and |log2FC| 
≥ 1. The resulting datasets were then intersected with a 
list of 33 aGPCRs, and the aGPCRs with significantly dif-
ferential expression in liver fibrosis were identified.

Cell culture
HEK293T and AAV293 cells were cultured in Dulbeccos’ 
modified Eagle’s medium (DMEM, Invitrogen, Camarillo, 
CA) supplemented with 10% fetal bovine serum (FBS, 
Gibco, Gaithersburg, MD, USA), penicillin (100U/ml) 
and streptomycin (100 µg/ml). All cells were cultured at 
37 °C with 5% CO2.

Conclusions  Our study identify GPR56 as a suppressor of hepatocyte pyroptosis and liver fibrosis, underscoring its 
potential as a therapeutic and diagnostic target.
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In vivo study of animals
The animal protocols were approved by the Animal 
Care and Use Committee of Tianjin Medical Univer-
sity. Methods were carried out in accordance with the 
approved guidelines and the code of ethical approval 
is TMUaMEC2023022. All Balb/c and C57BL/6J mice 
aged 6 weeks and with the body weight of approxi-
mately 21  g were obtained from Beijing HFK biosci-
ence (Beijing, China). The mice were then fed normally 
for one week after all mice were injected with 100 µl of 
adeno-associated virus through the tail vein. For hepa-
tocyte-specific overexpression experiments, all Balb/c 
mice were randomly divided into 4 groups, AAV8-TBG 
group (AAV8-TBG-Ctrl, n = 6), AAV8-TBG + CCl4 group 
(AAV8-TBG-Ctrl + CCl4, n = 8), AAV8-TBG-GPR56 
group (AAV8-TBG-GPR56, n = 6) and AAV8-TBG-
GPR56 + CCl4 group (AAV8-TBG-GPR56 + CCl4, n = 8), 
respectively. One week after AAV8 injection, mice in the 
CCl4 (Sigma-Aldrich, St. Louis, MO, USA) group were 
started to be injected intraperitoneally with 5% CCl4 (v/v) 
dissolved in olive oil (0.3 ml/kg body weight) three times 
a week for 6 weeks, and mice in the control group were 
weighed and injected intraperitoneally with an equal 
volume of olive oil. Similarly, all C57BL/6J mice were 
also divided into 4 groups, AAV8-TBG group (AAV8-
TBG-Ctrl, n = 6), AAV8-TBG + BDL group (AAV8-
TBG-Ctrl + BDL group, n = 10), AAV8-TBG-GPR56 
group (AAV8-TBG-GPR56, n = 6) and AAV8-TBG-
GPR56 + BDL group (AAV8-TBG-GPR56 + BDL, n = 10). 
One week after AAV8 injection, mice in the BDL group 
underwent BDL surgery, and mice were executed 21 days 
after surgery. Regarding the knockdown experiments, 
Balb/c mice were randomly divided into 4 groups, AAV8-
NC group (AAV8-NC, n = 6), AAV8-NC + CCl4 group 
(AAV8-NC + CCl4, n = 8), AAV8-GPR56-shRNA group 
(GPR56-shRNA, n = 6) and AAV8-GPR56-shRNA + CCl4 
group (GPR56-shRNA + CCl4, n = 8), respectively. One 
week after AAV8 injection, mice in the CCl4 (Sigma-
Aldrich, St. Louis, MO, USA) group were started to be 
injected intraperitoneally with 5% CCl4 (v/v) dissolved in 
olive oil (0.3 ml/kg body weight) three times a week for 6 
weeks, and mice in the control group were weighed and 
injected intraperitoneally with an equal volume of olive 
oil. Finally, the mice were anesthetized with 60–100  µl 
of 2% pentobarbital sodium, and blood was collected via 
enucleation of the eyeball. The supernatant was obtained 
by centrifugation and stored at − 20  °C for subsequent 
experiments. The animals were sacrificed by cervical dis-
location after blood collection. Next, the abdominal cav-
ity was opened, and the liver was grasped with tweezers. 
The surrounding connective tissue was dissected with 
scissors, and the liver was excised. The liver was then 
cut into small pieces, rapidly frozen in liquid nitrogen, 
and stored at − 80  °C for long-term use in subsequent 

experiments. After the animal experiments were com-
pleted, the mice carcasses were wrapped and sealed in 
special biohazard bags, then placed in the freezer desig-
nated by the Laboratory Animal Center for centralized 
freezing storage and subsequent disposal.

Histology and immunohistochemistry (IHC)
Liver tissues were fixed in a 10% neutral buffered form-
aldehyde solution for 48  h. Subsequently, the tissues 
were dehydrated in gradient ethanol solution and trans-
parent in xylene solution. The processed tissues were 
then embedded in paraffin, and 5-micrometer-thick 
Sect. (5 μm) were prepared. These sections were stained 
with Hematoxylin and Eosin (H&E), Sirius Red (Solar-
bio), Masson’s trichrome (Solarbio), and Terminal deoxy-
nucleotidyl transferase dUTP nick-end labeling (TUNEL) 
(Roche), respectively. For IHC analysis, slides were sub-
jected to antigen retrieval in antigen repair solution at 
108  °C for 5  min, followed by a 15-minute incubation 
in 3% hydrogen peroxide (H2O2) to block endogenous 
peroxidase activity, protected from light. After washing 
with 1× phosphate-buffered saline (PBS) for 15  min at 
room temperature, the sections were incubated with goat 
serum (50–100 µl) for 30 min at 37 °C to reduce non-spe-
cific binding. Primary antibodies againsty α-SMA (1:50, 
rabbit polyclonal, Abcam, ab5694) and GPR56 (1:50, 
mouse monoclonal, Sigma, MABN310) were incubated 
at 4℃ for 16 h, while negative controls were treated with 
an equal volume of 1×PBS. After the primary antibody 
was recovered, 1×PBS was washed at room temperature 
for 15  min and the secondary antibody was added and 
incubated for 2  h at room temperature avoiding light, 
then the staining was terminated with distilled water 
using DAB staining and observing the positive specimens 
under the microscope when brown areas appeared and 
the background color was light. Finally, the sections were 
re-stained with hematoxylin for 2 min and then gradient 
dehydrated with ethanol solution and sealed, with micro-
scopic photographs taken of the sections and the degree 
of tissue fibrosis was assessed.

qRT-PCR
Tissue or cellular RNA was extracted using Trizol 
(Takara, China) and reverse transcribed into cDNA using 
PrimeScript RT Reagent Kit (Takara, China) according 
to the manufacturer’s instructions, and further qRT-PCR 
was used to identify the expression of genes in tissues 
or cells. The specific primer sequences are shown in the 
Table S2.

Western blot
Tissue or cell RIPA lysates (including 1% PMSF and 1% 
phosphatase inhibitor) were lysed on ice for 30  min, 
then the supernatant was collected after centrifugation 
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at 4 °C, 14,000 rpm for 30 min, and the protein concen-
tration was determined using the BCA kit for sample 
preparation. Next, we separated the proteins by SDS-
PAGE gel electrophoresis, and transferred them to the 
PVDF membrane, which was blocked with 5% skim milk 
for 1  h and then added specific primary antibody over-
night at 4 °C. The next day, the corresponding secondary 
antibody (1:10,000) was added and incubated at room 
temperature for 1  h. Finally, the protein content was 
detected by developing with an ECL luminescent solu-
tion. Primary antibodies included TIMP1 (1:1000, mouse 
monoclonal, Santa Cruz, sc-21734), MMP2 (1:2000, rab-
bit monoclonal, Abcam, ab92536), α-SMA (1:1000, rab-
bit polyclonal, Abcam, ab5694), GPR56 (1:1000, mouse 
monoclonal, Sigma, MABN310), NLRP3 (1:1000, rab-
bit monoclonal, CST, 15101), Caspase1 (1:1000, rabbit 
monoclonal, Abcam, ab34710), GSDMD (1: 1000, rabbit 
monoclonal, Abcam, ab209845), COL1α1 (1:1000, rabbit 
polyclonal, Abcam, ab34710), IKK (1:1000, rabbit mono-
clonal, Abcam, ab178870), phos-IKK (1:1000, rabbit 
monoclonal, CST, 2697), IκBα (1:1000, mouse monoclo-
nal, CST, 4814), phos-IκBα (1:1000, mouse monoclonal, 
CST, 9246), p65 (1:1000, mouse monoclonal, Santa Cruz, 
sc-8008), phos-p65 (1:1000, rabbit monoclonal, CST, 
3033), GAPDH as internal reference.

Isolation of primary HC and HSC
Primary HSC and hepatocyte (HC) were isolated by col-
lagenase perfusion digestion and density gradient cen-
trifugation as previously reported [28–32]. Enzymes 
required for cell isolation include collagenase type IV 
(Sigma-Aldrich, St. Louis, MO, USA), proteinase E 
(Roche, Mannheim, Germany), and DNase I (Roche). 
8-week-old male Balb/c mice were used to isolate HC. 
The liver was first exposed and perfused sequentially 
with 30  ml of SCI solution and 30  ml of 0.05% collage-
nase IV solution. Then, after centrifugation at 4 °C, 50 g 
for 4  min, the supernatant was discarded and the pre-
cipitate was retained and repeated 3 times, the last time 
the precipitate was resuspended and spread on collagen-
coated culture plates. The HSC isolation using 40-week 
male Balb/c mice. The liver was first exposed and per-
fused sequentially with 30  ml of SCI solution, 30  ml of 
0.05% proteinase E solution and 30 ml of 0.05% collage-
nase IV solution. Then, the supernatant was collected by 
centrifugation at 4  °C, 50  g for 4  min. Next, centrifuge 
at 550 g for 8 min at 4℃, keep the precipitate, add 18% 
Nycodenz solution (Sigma-Aldrich) and mix the precipi-
tate, then slowly add 12% and 8% Nycodenz solution and 
DMEM, centrifuge at 1450 g for 30 min at 4℃, with no 
brake power. The DMEM and 8% gradient centrifugation 
solution was slowly aspirated using a disposable dropper 
and transferred to a new centrifuge tube, the mixture was 
resuspended and centrifuged at 4 °C, 600 g for 6 min, and 

the precipitate was HSC. Finally, complete cell medium 
was added and spread the plate. Both primary HC and 
HSC were cultured with DMEM medium, 10% FBS and 
1% penicillin-streptomycin antibiotics. All cells were cul-
tured at 37 °C with 5% CO2.

WGCNA and GO enrichment analysis
Gene co-expression networks were constructed using the 
WGCNA package in R for the GSE25097 dataset, and 
2942 differentially expressed genes (DEGs) in 46 samples 
were selected for the top 50% of the median absolute 
deviation (MAD), resulting in 1589 genes for subse-
quent analysis. The soft threshold was determined as 28 
(R2 = 0.9) according to the pickSoftThreshold function, 
while the weighted adjacency matrix was constructed 
and transformed into a topological overlap matrix (TOM 
matrix). Then, hierarchical clustering based on the dis-
similarity measure (1-TOM) was performed to identify 
gene modules, each containing at least 30 genes, and we 
further set abline = 0.25 to merge similar modules. Finally, 
GO enrichment analysis was performed by combining 
the target gene’s module gene with the corresponding 
Log2FC values of each gene to infer the biological pro-
cesses in which the gene might be involved. P < 0.05 and 
FDR < 0.25 were used as criteria for the genes significant 
enrichment.

Hydroxyproline assay
The hydroxyproline detection kits were purchased from 
Nan Jing Jian Cheng Biochemical Institute (Nanjing, 
China). Mouse liver tissues were weighed and disassem-
bled upon request, and the determination of hydroxypro-
line content in the liver was completed according to the 
manufacturer’s instructions.

AST, ALT and LDH assays
AST, ALT and LDH levels in the serum of mice were 
assessed using commercial assay kits (Nan Jing Jian 
Cheng, Nanjing, China) according to the manufacturer’s 
instructions.

CCK8 assay
Cells were seeded in a 96-well plate at a volume of 90 µl 
of cell culture medium per well. Subsequently, 10  µl of 
CCK8 reagent was added to each well. Then the plate was 
gently shaken to make the CCK8 reagent evenly distrib-
uted in the wells and incubated at 37℃ for 1 h. After that, 
the absorbance was measured at 450 nm, and the absor-
bance values obtained were analyzed to determine the 
viability of the cells.

Confocal microscopy
The isolated primary HC were evenly spread in colla-
gen-coated 24-well plates, each well containing a 15 mm 
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diameter circular glass coverslip. Following cell adhesion 
to the collagen-coated surfaces, the cells were subjected 
to the designated treatments. The cells were then fixed 
with a 4% paraformaldehyde tissue fixative for 30 min at 
room temperature. Subsequently, cell membranes were 
permeabilized using 1% Triton X-100 for 30  min. After 
permeabilization, the cells were washed with 1×PBS, 
incubated with goat serum at 37℃ for 30 min and then 
incubated with p65 antibody (p65, 1:200, mouse mono-
clonal, Santa Cruz, sc-8008) for 16  h at 4℃. On the 
following day, the anti-mouse fluorescent secondary anti-
body (1:1000) was added, incubated for 1 h at room tem-
perature and protected from light. Next, the nuclei were 
stained with DAPI (1:1000) and incubated for 30 min at 
room temperature. After washing the culture plate, the 
small circular slide was removed to the new object slide 
and placed in the dark box. Finally, the immunofluores-
cence was visualized by a confocal microscope.

Construction of plasmids
The GPR56 overexpression plasmid was constructed 
using the Seamless Cloning Kit (NCM Biotech, M9001). 
The CDS region of mouse GPR56 gene was queried by 
NCBI, and amplification primers were designed based 
on the 5’ and 3’ end base sequences of the CDS region 
(Table S3). The mouse AAV8-TBG-GPR56 plasmid was 
used for animal experiments, and the mouse 305-GPR56 
plasmid was used for subsequent cellular experiments. 
In addition, the plasmid was constructed using T4 ligase 
to knock down GPR56. The mouse AAV8-GPR56-
shRNA and mouse pLKO.1-GPR56-shRNA interference 
sequences were constructed, and the former was used 
for animal experiments and the latter for cellular experi-
ments (Table S3).

Lentivirus production
The 293T cells were prepared for lentivirus production 
when they reached a density of 60–70%. For overexpres-
sion, plasmids encoding the viral proteins, including 
pMDL, pVSVG, and pRev, were utilized. For knockdown 
experiments, pMD2.G and psPAX2 plasmids were 
employed. The culture medium containing the target 
plasmids was mixed with the transfection reagent poly-
ethylenimine (PEI) and incubated for 20 min. Then, the 
mixture was slowly added to the cell culture medium, and 
the cells were cultured for 4–6 h and replaced with new 
culture medium. Finally, the collected medium was cen-
trifuged and filtered through a 0.45 μm filter.

Production of AAV8
Transfection was initiated when the density of AAV293 
cells reached 70–80% confluency. The target plasmids 
included AAV8-TBG-GPR56, AAV8-TBG-Ctrl, AAV8-
GPR56-shRNA, AAV8-NC, and the helper plasmids 

included pAAV2/8 and pAAVΔF6. Then, the target plas-
mids, helper plasmids and transfection reagent PEI were 
added to OPTI-MEM and mixed well and incubated 
for 15  min. Subsequently, the transfection mixture was 
slowly added to the cell culture medium. After a 6-hour 
incubation, the medium was replaced with complete 
culture medium containing 10% inactivated FBS and 1% 
triple antibiotic mixture. The cells were cultured for an 
additional 4 days to allow for virus production. The virus 
particles, both cell-associated and in the supernatant, 
were harvested, and the viral titer was determined fol-
lowing concentration of the virus using ultracentrifuga-
tion. Finally, the virus was then injected into the tail vein 
of the mouse at a concentration of 1 × 1012vg/ml, with 
100–120 µl per mouse.

Statistical analysis
Data were expressed as mean ± SD. All the statistical ana-
lyzes were performed with SPSS 13.0 (IBM, Armonk, NY, 
USA). Statistical analyzes were performed using either 
Student’s t-test (two-group comparison) or one-way anal-
ysis of variance (more than two groups) followed by post 
hoc comparison, and differences with P < 0.05 were con-
sidered significantly.

Data availability
All data generated or analyzed during this study are 
included in this published article and its supplementary 
information files.

Results
Screening for differentially expressed aGPCRs in liver 
fibrosis
To identify aGPCRs with altered expression in liver 
fibrosis, we conducted a search in the GEO database for 
datasets related to liver fibrosis. We focused our analy-
sis on the gene microarray datasets GSE174099 and 
GSE25097, applying a cutoff for differential gene expres-
sion: P.adj < 0.05, |log2FC| ≥ 1. These criteria yielded 
2577 and 2942 differentially expressed genes for each 
dataset, respectively (Fig. S1A-D). We then intersected 
these gene lists with the known 33 aGPCRs, identifying 
GPR56, GPR64, and GPR126 as candidates of interest 
(Fig. S1E). Among these, GPR56 was selected for further 
investigation due to its significant upregulation and the 
lowest P-value. Notably, in the GSE25097 dataset, GPR56 
showed a log2FC of 1.3 (P.adj = 0.00118) in liver tissues 
from patients with cirrhosis relative to normal subjects 
(Fig. S1F). Similarly, in the GSE174099 dataset, GPR56 
exhibited a log2FC of 4.1 (P.adj = 0.00018) in liver tissues 
from rats subjected to BDL compared to sham controls 
(Fig. S1G). These data reveal that GPR65 may act as an 
important molecule in liver fibrosis.
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Expression analysis of GPR56 in mouse and human liver 
tissue
To detect the expression of GPR56 in fibrotic liver tissue, 
a liver fibrosis models was induced by intraperitoneal 
injection of CCl4 in mice for 6 weeks. Macroscopic exam-
ination, HE, Sirius Red, Masson’s trichrome staining, 
IHC for α-SMA, as well as western blot and qRT-PCR 
analysis for α-SMA (Acta2), COL1A1 (Col1a1), MMP2 
(Mmp2), and TIMP1 (Timp1), which are marker genes 
for liver fibrosis, were performed to validate the success-
ful establishment of the liver fibrosis models (Fig. 1A-C). 
Subsequently, GPR56 expression was assessed in fibrotic 
liver tissues using qRT-PCR, western blot, and IHC, and 
the results revealed that the expression of GPR56 is sig-
nificantly increased within the fibrotic livers compared 
to controls (Fig. 1A-C). Consistent results were obtained 
from the BDL model (Fig.  1D-F). To further investigate 
the cellular source of GPR56 upregulation, we isolated 
HC, HSC, Hepatic macrophage (HM), and liver sinu-
soidal endothelial cells (LSEC) from both CCl4-induced 
fibrosis model mice and normal mice. qRT-PCR and 
western blot analysis indicated higher GPR56 expression 
in HC from the experimental group compared to normal 
mice, while expression in the other cell types was either 
reduced or not significantly different (Fig.  1G and H). 
These findings suggest that the increase of GPR56 dur-
ing liver fibrosis is primarily attributed to the elevated 
expression in HC.

Given the potential of GPR56 as a biomarker for clini-
cal assays and a target for therapeutic intervention, we 
collected normal human liver tissue (n = 10) and liver 
tissue from patients with cirrhosis (n = 20). Western blot 
and qRT-PCR results indicated elevated expression of 
GPR56 at both the protein and mRNA levels in liver tis-
sues of patients with cirrhosis (Fig.  2A and B). Further-
more, IHC data demonstrated a significant increase in 
GPR56-positive areas in cirrhotic liver tissues compared 
to normal tissues (Fig.  2C). The diagnostic accuracy of 
GPR56 was assessed using ROC curve analysis based on 
its mRNA expression levels and clinical diagnosis, which 
revealed a moderate to high accuracy in identifying the 
cirrhosis population, with an AUC of 0.895 and a con-
fidence interval (CI) of 0.783 to 1.000 (Fig.  2D). Collec-
tively, these findings substantiate the elevated expression 
of GPR56 in liver fibrosis and underscore its potential 
significance in clinical diagnostics.

WGCNA and GO enrichment analysis
To identify key genes associated with liver fibrosis, we 
performed WGCNA enrichment analysis on the 2942 dif-
ferentially expressed genes from the GSE25097 dataset, 
focusing on the top 50% ranked by median absolute devi-
ation (MAD), which encompassed 1589 genes. Firstly, 
gene expression patterns categorized the 46 samples into 

distinct groups (Fig. S2A). Subsequently, a soft threshold-
ing power of 28, corresponding to an R² value of 0.9, was 
determined to be optimal for constructing a weighted 
adjacency matrix (Fig. S2B). Finally, the 1589 genes were 
clustered into three modules: the black, grey, and red 
modules (Fig. S2C), with GPR56 being a member of the 
red module. The 745 genes within the red module, along 
with their Log2FC values, were then subjected to GO 
enrichment analysis. The analysis indicated that the red 
module genes are predominantly involved in inflamma-
tory responses and the synthesis of the ECM (Fig. S2D 
and Table S4). Based on these findings, we hypothesize 
that GPR56 may play a role in the pathogenesis of liver 
fibrosis by modulating inflammatory responses and ECM 
synthesis.

Hepatocyte-specific overexpression of GPR56 attenuates 
CCl4 and BDL -induced liver fibrosis and cell pyroptosis
To investigate the function of GPR56 in liver fibrosis, we 
conducted in vivo experiments involving tail vein injec-
tions of either control virus or AAV8 specifically over-
expressing GPR56 in HC of mice. Following a one-week 
viral administration, mice were subjected to intraperito-
neal injections of CCl4 for 6 weeks. qRT-PCR and west-
ern blot analyses confirmed significant upregulation of 
GPR56 in the livers of mice from the AAV8-TBG-GPR56 
and AAV8-TBG-GPR56 + CCl4 groups compared to the 
control group, indicating successful overexpression of 
GPR56 (Fig.  3A and B). Furthermore, mice in the CCl4 
group developed severe liver fibrosis which was mitigated 
by hepatocyte-specific overexpression of GPR56. This 
alleviation was evidenced by qRT-PCR analysis of Acta2, 
Col1a1, Mmp2, and Timp1, western blot analysis of 
α-SMA, MMP2, and TIMP1, macroscopic examination, 
HE, Sirius Red, Masson’s trichrome staining, and IHC for 
α-SMA (Fig.  3A-C). Additionally, the reduction in liver 
fibrosis and injury was corroborated by decreased liver 
hydroxyproline content as well as serum levels of lactate 
dehydrogenase (LDH), alanine aminotransferase (ALT), 
and aspartate aminotransferase (AST) (Fig. 3D-G).

We hypothesized that GPR56 may play a role in cel-
lular pyroptosis associated with liver fibrosis based on 
GO enrichment analysis. In the CCl4-induced liver fibro-
sis mouse model, pronounced DNA fragmentation was 
observed. However, hepatocyte-specific overexpression 
of GPR56 reduced nuclear DNA breaks, as shown by 
TUNEL staining (Fig.  3H). Consistent with these find-
ings, western blot analysis revealed that CCl4 treatment 
significantly increased the protein levels of pyroptosis-
associated proteins including NLRP3, GSDMD-N, and 
cleaved-Caspase1 compared with the control group, 
while overexpression of GPR56 significantly decreased 
the CCl4-induced upregulation of these proteins (Fig. 3I). 
qRT-PCR analysis further indicated that forced GPR56 
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Fig. 1  GPR56 is increased in mouse fibrotic liver tissues. (A) Mouse liver macroscopic examination, HE staining, Sirius red staining, Masson staining, and 
IHC staining of α-SMA and GPR56 in the livers of mice treated with or without CCl4 for 6 weeks. (B) The protein level of TIMP1, MMP2, α-SMA and GPR56 
in the livers of mice treated with or without CCl4 was determined by western blot. GAPDH was used as an internal control. (C) The mRNA level of Acta2, 
Col1a1, Mmp2, Timp1 and Adgrg1 in the livers of mice treated with or without CCl4 was detected by qRT-PCR. (D) Mouse liver macroscopic examination, 
HE staining, Sirius red staining, Masson staining, and IHC staining of α-SMA and GPR56 in the livers of mice with or without BDL for 21 days. (E) The protein 
level of TIMP1, MMP2, α-SMA and GPR56 in the livers of mice with or without BDL was determined by western blot. GAPDH was used as an internal control. 
(F) The mRNA level of Acta2, Col1a1, Mmp2, Timp1 and Adgrg1 in the livers of mice with or without BDL was detected by qRT-PCR. (G) qRT-PCR was used 
to assess the expression of Adgrg1 in HC, HSC, HM and LSEC isolated from mice treated with or without CCl4. (H) The protein level of GPR56 in HC isolated 
from mice treated with or without CCl4 was determined by western blot. GAPDH was used as an internal control. *p < 0.05 vs. Control or Sham
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expression significantly alleviated CCl4-induced upregu-
lation of pyroptosis-associated genes including Nlrp3, 
Il1b and Il18 (Fig. 3J and K; Fig. S3A).

To exclude the possibility that GPR56 alters the metab-
olism or toxicity of CCl4 rather than directly affecting cell 
responses, the results were confirmed in a BDL-induced 
mouse liver fibrosis model. As shown in Fig.  4A-G, 
mice of BDL group developed severe liver fibrosis and 
injury, and hepatocyte-specific overexpression of GPR56 
inhibited BDL-induced liver fibrosis and injury as dem-
onstrated by qRT-PCR, western blot, macroscopic exam-
ination, HE, Sirius Red, Masson’s trichrome staining, 
IHC, as well as measurements of liver hydroxyproline 
content and serum levels of LDH, ALT and AST level. 
As expected, overexpression of GPR56 notably alleviated 
BDL-induced NLRP3 inflammasome-mediated pyropto-
sis as demonstrated by TUNEL staining, qRT-PCR and 

western blot (Fig.  4H-K; Fig. S3B). Collectively, these 
results suggest that hepatocyte-specific overexpression of 
GPR56 attenuates CCl4 and BDL -induced liver fibrosis 
and cell pyroptosis.

Knockdown of GPR56 exacerbates CCl4-induced liver 
fibrosis and cell pyroptosis
To test whether knockdown of GPR56 would aggravate 
liver fibrosis and NLRP3 inflammasome-mediated pyrop-
tosis in vivo, AAV8-NC or AAV8-GPR56-shRNA was 
intravenously injected into the CCl4-treated or oil-treated 
mice via the tail vein one week before the first injection 
of CCl4. After 6 weeks of CCl4 treatment, qRT-PCR and 
western blot analysis confirmed that GPR56 was knocked 
down in the liver fibrosis model (Fig. 5A and B). More-
over, mice in CCl4 group developed severe liver fibrosis 
and injury, and knockdown of GPR56 further aggravated 

Fig. 2  GPR56 is elevate in human cirrhotic liver tissues. (A-C) The expression of GPR56 in normal human liver tissue (n = 10) and liver tissue from patients 
with cirrhosis (n = 20) was determined by western blot, qRT-PCR and IHC. GAPDH was used as an internal control. (D) Diagnostic ROC curve of GPR56. 
***p < 0.001
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Fig. 3  Hepatocyte-specific overexpression of GPR56 attenuates CCl4-induced liver fibrosis and cell pyroptosis. Balb/c mice were randomly divided into 4 
groups: AAV8-TBG-Ctrl group (n = 6), AAV8-TBG-Ctrl + CCl4 group (n = 8), AAV8-TBG-GPR56 group (n = 6) and AAV8-TBG-GPR56 + CCl4 group (n = 8). (A) The 
mRNA level of Adgrg1, Acta2, Col1a1, Mmp2 and Timp1 was detected by qRT-PCR. (B) The protein level of GPR56, TIMP1, MMP2 and α-SMA was determined 
by western blot. GAPDH was used as an internal control. (C) Mouse liver macroscopic examination, HE, Sirius red and Masson staining of liver tissues and 
IHC staining of α-SMA. (D) The content of hepatic hydroxyproline was quantified. (E-G) Serum LDH (E), ALT (F), and AST (G) were examined. (H)TUNEL 
staining. (I) The protein level of NLRP3, GSDMD and Caspase 1 was determined by western blot. GAPDH was used as an internal control. (J, K) The mRNA 
level of Il1b and Il18 was detected by qRT-PCR. *p < 0.05 vs. AAV8-TBG-Ctrl, #p < 0.05 vs. AAV8-TBG-Ctrl + CCl4
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Fig. 4  Hepatocyte-specific overexpression of GPR56 attenuates BDL-induced liver fibrosis and cell pyroptosis. C57BL/6J mice were randomly divided into 
4 groups: AAV8-TBG-Ctrl group (n = 6), AAV8- TBG-Ctrl + BDL group (n = 10), AAV8-TBG-GPR56 group (n = 6) and AAV8-TBG-GPR56 + BDL group (n = 10). 
(A) The mRNA level of Adgrg1, Acta2, Col1a1, Mmp2 and Timp1 was detected by qRT-PCR. (B) The protein level of GPR56, TIMP1, MMP2 and α-SMA was 
determined by western blot. GAPDH was used as an internal control. (C) Mouse liver macroscopic examination, HE, Sirius red and Masson staining of liver 
tissues and IHC staining of α-SMA. (D) The content of hepatic hydroxyproline was quantified. (E-G) Serum LDH (E), ALT (F), and AST (G) were examined. (H)
TUNEL staining. (I) The protein level of NLRP3, GSDMD and Caspase 1 was determined by western blot. GAPDH was used as an internal control. (J, K) The 
mRNA level of Il1b and Il18 was detected by qRT-PCR. *p < 0.05 vs. AAV8-TBG-Ctrl, #p < 0.05 vs. AAV8-TBG-Ctrl + BDL
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Fig. 5  Knockdown of GPR56 exacerbates CCl4-induced liver fibrosis and cell pyroptosis. Balb/c mice were randomly divided into 4 groups: AAV8-NC 
group (n = 6), AAV8-NC + CCl4 group (n = 8), GPR56-shRNA group (n = 6) and GPR56-shRNA + CCl4 group (n = 8). (A) The mRNA level of Adgrg1, Acta2, 
Col1a1, Mmp2 and Timp1 was detected by qRT-PCR. (B) The protein level of GPR56, TIMP1, MMP2 and α-SMA was determined by western blot. GAPDH 
was used as an internal control. (C) Mouse liver macroscopic examination, HE, Sirius red and Masson staining of liver tissues and IHC staining of α-SMA. 
(D) The content of hepatic hydroxyproline was quantified. (E-G) Serum LDH (E), ALT (F), and AST (G) were examined. (H)TUNEL staining. (I) The protein 
level of NLRP3, GSDMD and Caspase 1 was determined by western blot. GAPDH was used as an internal control. (J, K) The mRNA level of Il1b and Il18 was 
detected by qRT-PCR. *p < 0.05 vs. AAV8-NC, #p < 0.05 vs. AAV8-NC + CCl4
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CCl4-induced liver fibrosis and injury as demonstrated by 
qRT-PCR, western blot, macroscopic examination, HE, 
Sirius Red, Masson’s trichrome staining, IHC, as well as 
measurements of liver hydroxyproline content and serum 
levels of LDH, ALT and AST level (Fig. 5A-G). In addi-
tion, deletion of GPR56 notably promoted CCl4-induced 
NLRP3 inflammasome-mediated pyroptosis as demon-
strated by TUNEL staining, qRT-PCR and western blot 
(Fig.  5H-K; Fig. S3C). Collectively, these results suggest 
that GPR56 deficiency aggravates CCl4-induced liver 
fibrosis and cell pyroptosis.

GPR56 inhibits LPS/Nigericin-induced hepatocyte 
pyroptosis
To investigate the role and effect of GPR56 on HC 
pyroptosis in vitro, we isolated mouse primary HC and 
established a HC pyroptosis model using LPS/Nigericin 
(Nig). The successful construction of the HC pyropto-
sis as demonstrated by reduced cell proliferation ability, 
elevated LDH in the supernatant, increased cleaved-Cas-
pase1 and GSDMD-N protein level as well as upregu-
lated Nlrp3 and Il-1b RNA level (Fig. S4A-D). Western 
blot and qRT-PCR results suggested that the expression 
of GPR56 was significantly higher in the LPS/Nig-treated 
group compared to the LPS or Control groups (Fig. S4C 
and D).To further examine the role of GPR56 in HC 
pyroptosis, we overexpressed GPR56 in HC followed by 
LPS/Nig treatment. qRT-PCR and western blot results 
revealed that GPR56 was significantly overexpressed in 
the Lenti-GPR56 group compared to the Lenti-Control 
group, at both mRNA and protein levels, indicating suc-
cessful overexpression in HC (Fig. 6A and B). Moreover, 
the mRNA level of the pyroptosis-related genes Nlrp3 
and Il1b was upregulated upon LPS/Nig treatment, but 
this upregulation was inhibited by forced GPR56 expres-
sion (Fig.  6A). Western blot results also showed that 
LPS/Nig treatment significantly upregulated the protein 
level of cleaved-Caspase1 and GSDMD-N, while GPR56 
overexpression significantly abrogated LPS/Nig-induced 
upregulation of these proteins (Fig. 6B). We also detected 
the cell proliferation ability by CCK8. As expected, the 
results revealed that overexpression of GPR56 dimin-
ished the reduction in cell proliferation ability induced 
by LPS/Nig (Fig.  6C). Similarly, forced GPR56 expres-
sion attenuated LPS/Nig-induced LDH release (Fig. 6D). 
On the other hand, knockdown of GPR56 significantly 
promoted the mRNA level of Nlrp3 and Il1b, the protein 
level of cleaved-Caspase1 and GSDMD-N, the release of 
LDH as well as the cell proliferation inhibition, in both 
LPS/Nig-treated and untreated conditions (Fig.  6E-H). 
Taken together, the results suggest that overexpression 
of GPR56 attenuates HC pyroptosis, while knockdown of 
GPR56 has the opposite effect.

GPR56 inhibits HSC activation indirectly through the 
signals derived from hepatocyte
HC damage or death is widely acknowledged as a piv-
otal initiator of fibrosis in the context of ongoing hepatic 
injury [30]. Hence, conditional medium (CM) from con-
trol or GPR56-silenced HC in the presence or absence 
of LPS/Nig were used to incubate mouse primary HSC. 
The results revealed that treatment with the CM from 
LPS/Nig-treated HC markedly promoted the expres-
sion of the pro-fibrotic genes, suggesting that the factors 
released during HC pyroptosis activate HSC, leading to 
the increased synthesis of ECM (Fig.  6I; Fig. S5A and 
B). However, this effect was negated by overexpres-
sion of GPR56 in hepatocytes (Fig. S5A and B). On the 
other hand, qRT-PCR results showed that knockdown 
of GPR56 in HC, irrespective of LPS/Nig treatment, 
promoted the mRNA level of Acta2, Col1a1, Mmp2 and 
Timp1(Fig.  6I). Consistently, western blot further con-
firmed that CM from GPR56-silenced HC markedly pro-
moted the expression of COL1α1 and α-SMA in HSC 
(Fig.  6J). Taken together, the results show that knock-
down of GPR56 in HC activates HSC and enhances ECM 
synthesis.

GPR56 inhibits HC pyroptosis through the NF-κB pathway
The NF-κB signaling pathway is recognized for its sig-
nificant role in cellular pyroptosis and the progression of 
liver fibrosis [29, 33]. To verify whether GPR56 is involved 
in the regulation of the NF-κB pathway, we initially mea-
sured the level of total and phosphorylated forms of IKK, 
p65 and IκB in liver tissues from control, GPR56-over-
expressed, GPR56-silenced mice with or without induc-
tion of fibrosis by CCl4/BDL. The results showed that 
mice treated with CCl4/BDL exhibited increased levels 
of phos-IKK, phos-IκB and phos-p65, with no signifi-
cant changes in total protein levels (Fig. S6A-C). Notably, 
hepatocyte-specific overexpression of GPR56 attenuates 
CCl4 and BDL -induced phosphorylation of IKK, IκB and 
p65, while knockdown of GPR56 significantly enhanced 
CCl4-induced the activation of NF-κB pathway (Fig. S6A-
C). Furthermore, western blot analysis revealed that LPS/
Nig treatment substantially induced the phosphorylation 
of IKK, p65, and IκBα, an effect that was attenuated by 
the overexpression of GPR56 in primary HC (Fig.  7A). 
Confocal microscopy further demonstrated that LPS/
Nig treatment facilitated the nuclear translocation of p65, 
while forced GPR56 expression significantly attenuated 
LPS/Nig-induced p65 translocation (Fig. 7B). Conversely, 
knockdown of GPR56 promoted the phosphorylation 
and nucleus translocation of p65, which is abrogated by 
the specific inhibitors of NF-κB BAY11-7082 (Fig. 7C and 
D). Meanwhile, western blot results revealed that BAY11-
7082 abrogated the upregulation of GSDMD-N induced 
by GPR56 deficiency (Fig. 7E), and qRT-PCR confirmed 
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Fig. 6  GPR56 inhibits LPS/Nigericin-induced hepatocyte pyroptosis. (A-D) Primary HC were infected with lentivirus-mediated control or GPR56 for 72 h, 
then these cells were stimulated with 100 ng/ml LPS for 4 h and subsequently treated them with 100ng/ml for 2 h. The mRNA level of Adgrg1, Nlrp3 and 
Il1b was detected by qRT-PCR (A); the protein level of GPR56, GSDMD and Caspase 1 was determined by western blot (B). GAPDH was used as an internal 
control. Cell proliferation ability was assessed by CCK8 (C); pyroptosis was measured by supernatant LDH activity (D). (E) Primary HC were infected with 
lentivirus-mediated control or GPR56-shRNA for 72 h, the protein level of GPR56, GSDMD and Caspase 1 was determined by western blot. GAPDH was 
used as an internal control. (F-H) Primary HC were infected with lentivirus-mediated control or GPR56-shRNA for 72 h, then these cells were stimulated 
with 100 ng/ml LPS for 4 h and subsequently treated them with 100ng/ml for 2 h. The mRNA level of Adgrg1, Nlrp3 and Il1b was detected by qRT-PCR (F); 
cell proliferation ability was assessed by CCK8 (G); pyroptosis was measured by supernatant LDH activity (H). (I, J) The conditional medium (CM) from con-
trol or GPR56-silenced HC in the presence or absence of LPS/Nig were used to incubate mouse primary HSCs for 24 h. The mRNA level of Adgrg1, Acta2, 
Col1a1, Mmp2 and Timp1 was detected by qRT-PCR (I); the protein level of COL1α1 and α-SMA was determined by western blot (J). GAPDH was used as 
an internal control. *p < 0.05 vs. Lenti-Ctrl, #p < 0.05 vs. Lenti-Ctrl + LPS + Nig

 



Page 14 of 18Shi et al. Journal of Translational Medicine          (2025) 23:632 

Fig. 7  GPR56 inhibits HC pyroptosis through the NF-κB pathway. (A, B) Primary HC were infected with lentivirus-mediated control or GPR56 for 72 h, then 
these cells were stimulated with 100 ng/ml LPS for 4 h and subsequently treated them with 100ng/ml for 2 h. The protein level of IKK, phos-IKK, IκB, phos-
IκB, p65 and phos-p65 was determined by western blot (A). GAPDH was used as an internal control. The expression and location of p65 was determined 
by confocal analysis (B); scale bar = 10 μm. (C-F) 5 µmol/L BAY 11-7082 was used to treat GPR56-silenced primary HC for 24 h, the protein level of IKK, 
phos-IKK, IκB, phos-IκB, p65 and phos-p65 was determined by western blot (C). GAPDH was used as an internal control. The expression and location of 
p65 was determined by confocal analysis (D); scale bar = 10 μm. The protein level of GSDMD was determined by western blot (E). GAPDH was used as an 
internal control. The mRNA level of Nlrp3 and Il1b was detected by qRT-PCR (F). *p < 0.05 vs. Lenti-Ctrl, #p < 0.05 vs. GPR56-shRNA
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that the NF-κB inhibitor reversed the increased mRNA 
level of Nlrp3 and Il-1b induced by GPR56 deficiency 
(Fig. 7F). Taken together, the results suggest that GPR56 
inhibits the activation of NF-κB pathway, which in turn 
suppresses HC pyroptosis (Fig. 8).

Discussion
Adhesion G protein-coupled receptors (aGPCRs) con-
stitute a distinct subclass within the GPCR family, char-
acterized by an elongated extracellular N terminus that 
encompasses a GPCR autoproteolysis-inducing (GAIN) 
domain, which includes a highly conserved GPCR pro-
teolytic site (GPS) [34]. This site can undergo autopro-
teolysis, resulting in the formation of the N-terminal 
fragment (NTF) and C-terminal fragment (CTF). Even 
after cleavage, the NTF and CTF remain associated with 
the cell membrane in a non-covalent manner until recep-
tor activation. Due to their large NTF, aGPCRs play a 
crucial role in the interactions between cells and ECM 
[34]. Additionally, emerging evidence has highlighted the 
involvement of aGPCRs in the pathogenesis of various 
diseases, where they exert regulatory effects on cellular 
processes such as proliferation and senescence [34, 35]. 
Therefore, identifying aGPCRs that play a significant role 
in liver fibrosis may provide potential therapeutic tar-
gets for the disease. In this study, we identified GPR56, 
one of the 33 aGPCRs, as upregulated in both mouse 
and human fibrotic liver tissues, as well as in hepatocytes 

from liver fibrosis mice. ROC analysis showed high diag-
nostic accuracy for cirrhosis. Moreover, hepatocyte-
specific overexpression of GPR56 attenuated, while 
knockdown of GPR56 exacerbated liver fibrosis, suggest-
ing its potential as a new diagnostic and therapeutic tar-
get for this condition.

The pathogenesis of liver fibrosis is complex, encom-
passing cellular and molecular mechanisms. At the cel-
lular level, liver fibrosis is primarily associated with an 
imbalance between ECM synthesis and degradation, with 
activated HSC being recognized as the principal drivers 
of ECM accumulation, a hallmark of liver fibrosis [2, 36, 
37]. Additionally, studies have shown that HM and LSEC 
can also contribute to the regulation of liver fibrosis by 
secreting cytokines that modulate HSC activation [28, 
38]. Hepatocytes, the most abundant cell type in the liver, 
accounting for 80% of the total liver cell population, have 
been increasingly studied in recent years for their role in 
liver fibrosis. The proliferation, apoptosis, and necrosis of 
hepatocytes play a crucial role in regulating liver fibrosis 
[30, 39]. Our study revealed that the elevated expression 
of GPR56 in fibrotic liver tissues was primarily attributed 
to the increased expression of GPR56 in injured HC, sug-
gesting that the potential impact of GPR56 on liver fibro-
sis is through its effects on HC damage and warrants 
further investigation.

HC damage represents one of the pivotal aspects of 
both chronic and acute liver diseases, with inflammatory 

Fig. 8  Schematic diagram illustrates the role of GPR56 during liver fibrosis
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responses also participating and influencing liver 
pathologies [30, 40]. Pyroptosis, a novel form of inflam-
matory cell death, primarily relies on the activation of 
Caspase-1 and the pore-forming action of GSDMD on 
the cell membrane, leading to the release of intracellular 
inflammation-associated proteins [41, 42]. Inflamma-
somes, cytoplasmic multi-protein complexes, are primar-
ily composed of NLRP3, ASC, and pro-Caspase 1. Upon 
cellular exposure to external stimuli, NLRP3 interacts 
with ASC to activate caspase-1, which subsequently trig-
gers the maturation of pro-inflammatory cytokines IL-1β 
and IL-18 and mediates the cleavage of the pore-forming 
protein GSDMD through proteolytic action, thereby 
inducing pyroptosis [43, 44]. Although pyroptosis has 
been extensively studied in immune cells such as macro-
phages, and our previous work revealed that lnc-LFAR1 
exacerbates liver fibrosis by promoting hepatic macro-
phage pyroptosis [29, 41], emerging evidence suggests 
that non-immune cells like HC also play a key role in 
liver fibrosis through pyroptotic pathways [43, 44]. Nota-
bly, HC pyroptosis has been reported to activate HSC 
and enhance ECM deposition, thereby accelerating liver 
fibrosis progression [45]. Thus, exploring key molecules 
that regulate HC pyroptosis is crucial for preventing and 
treating liver fibrosis. In this study, we demonstrated 
that hepatocyte-specific GPR56 overexpression inhib-
ited CCl4 and BDL-induced liver fibrosis and cellular 
pyroptosis, whereas GPR56 knockdown had the oppo-
site effect. To mechanistically investigate GPR56’s role 
in modulating HC pyroptosis, we established an in vitro 
model using LPS/nigericin (Nig) co-treatment, where 
Nig specifically activates the NLRP3 inflammasome to 
potentiate pyroptotic cell death. Remarkably, our in vitro 
experiments revealed that GPR56 overexpression consis-
tently suppressed pyroptosis and improved hepatocyte 
viability regardless of LPS/Nig stimulation, while simul-
taneously inhibiting HSC activation in a paracrine man-
ner. Conversely, GPR56 knockdown exacerbated these 
effects. These in vivo and in vitro experiments confirm 
that GPR56 inhibits liver fibrosis and HC pyroptosis, 
identifying it as a novel pyroptosis regulator and a poten-
tial therapeutic target for inflammatory diseases, includ-
ing liver fibrosis.

Liver fibrosis is a complex process regulated by the 
interplay of multiple signaling pathways, including the 
TGF-β, NOTCH, Hippo, PI3K-Akt, and NF-κB pathways 
[30–32, 36, 37, 46]. Notably, the NF-κB pathway is par-
ticularly critical in the pathogenesis of liver fibrosis [38, 
47]. In its inactive state, the NF-κB complex, comprising 
p65 and p50 subunits, is sequestered in the cytoplasm by 
binding to IκB. Activation of IKK leads to the phosphor-
ylation of IκB, which then dissociates from the p65/p50 
complex, allowing it to translocate to the nucleus. Once 
localized to the nucleus, the activated p65 and p50 bind 

to specific DNA sequences, initiating the transcription of 
target genes, including NLRP3, which is a key target gene 
for NF-κB regulation [29, 48]. Based on these insights, we 
hypothesized that GPR56 might suppress liver fibrosis 
and HC pyroptosis by inhibiting the NF-κB pathway. Our 
data indicated that GPR56 overexpression can indeed 
suppress the activation of NF-κB pathway and the nuclear 
translocation of p65. In addition, the rescue experiments 
further revealed that HC pyroptosis and NF-κB pathway 
activation in GPR56-silenced primary HC could be atten-
uated by BAY11-7082, thereby providing stronger evi-
dence that GPR56 inhibits hepatocyte pyroptosis via the 
NF-κB pathway, further demonstrating that GPR56 could 
inhibit HC pyroptosis through the NF-κB pathway.

While this study elucidates the crucial role of GPR56 
in suppressing HC pyroptosis and liver fibrosis, several 
limitations should be acknowledged. Firstly, regarding 
clinical translation, our findings require validation in 
larger patient cohorts. Future studies should expand the 
scope of clinical samples to further validate the reliabil-
ity and accuracy of GPR56 as a diagnostic and prognos-
tic biomarker. Additionally, the proteolytic fragments of 
GPR56 (NTF/CTF) may represent more suitable serum 
biomarkers than the full-length protein, and further 
investigation is needed to explore their detection perfor-
mance and clinical application value. Secondly, although 
our study has established GPR56 as a suppressor of HC 
pyroptosis and liver fibrosis, we have not delved into the 
development and screening of exogenous or endogenous 
GPR56 agonists. The specific therapeutic effects and 
safety of these agonists in liver fibrosis treatment remain 
to be elucidated and require extensive further research to 
fully exploit the potential applications of GPR56 in liver 
fibrosis therapy.

Conclusions
Our results provide convincing evidence that GPR56 acts 
as a major repressor of HC pyroptosis and liver fibrosis, 
thus identifying it as a new potential target for diagnosis 
and treatment of this condition.
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