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S1PR2 participates in intestinal
Injury in severe acute
pancreatitis by regulating
macrophage pyroptosis

Tianjiao Lin, Mengyuan Peng, Qingyun Zhu and Xinting Pan*

Emergency Intensive Care Unit, The Affiliated Hospital of Qingdao University, Qingdao,
Shandong, China

Background: Severe acute pancreatitis (SAP) is an inflammatory disorder
affecting the gastrointestinal system. Intestinal injury plays an important role in
the treatment of severe acute pancreatitis. In this study, we mainly investigated
the role of S1PR2 in regulating macrophage pyroptosis in the intestinal injury of
severe acute pancreatitis.

Methods: The SAP model was constructed using cerulein and
lipopolysaccharide, and the expression of SIPR2 was inhibited by JTE-013 to
detect the degree of pancreatitis and intestinal tissue damage in mice.
Meanwhile, the level of pyroptosis-related protein was detected by western
blot, the level of related mMRNA was detected by PCR, and the level of serum
inflammatory factors was detected by ELISA. In vitro experiments, LPS+ATP was
used to construct the pyroptosis model of THP-1. After knockdown and
overexpression of S1PR2, the pyroptosis proteins level was detected by
western blot, the related mRNA level was detected by PCR, and the level of
cell supernatant inflammatory factors were detected by ELISA. A rescue
experiment was used to verify the sufficient necessity of the RhoA/ROCK
pathway in S1PR2-induced pyroptosis. Meanwhile, THP-1 and FHC were co-
cultured to verify that cytokines released by THP-1 after damage could regulate
FHC damage.

Results: Our results demonstrated that JTE-013 effectively attenuated intestinal
injury and inflammation in mice with SAP. Furthermore, we observed a significant
reduction in the expression of pyroptosis-related proteins within the intestinal
tissue of SAP mice upon treatment with JTE-013. We confirmed the involvement
of S1IPR2 in THP-1 cell pyroptosis in vitro. Specifically, activation of S1PR2
triggered pyroptosis in THP-1 cells through the RhoA/ROCK signaling pathway.
Moreover, it was observed that inflammatory factors released during THP-1 cell
pyroptosis exerted an impact on cohesin expression in FHC cells.

Conclusion: The involvement of SIPR2 in SAP-induced intestinal mucosal injury
may be attributed to its regulation of macrophage pyroptosis.
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1 Introduction

Acute pancreatitis (AP) is a pancreatic inflammatory disease
characterized by local acinar damage and systemic inflammatory
response. The global annual incidence is about 34/100,000 people,
and the trend is increasing year by year (1). Pancreatic necrosis and
intestinal function impairment caused by early acinar cell death are
still important causes of severe disease in patients (2, 3). Severe
acute pancreatitis (SAP) is a common critical condition primarily
caused by pancreatic injury and systemic organ damage. It is
accompanied by early-stage macrophage infiltration and release of
numerous pro-inflammatory factors into the bloodstream, leading
to systemic inflammation. In cases of SAP occurrence, the intestinal
tract, as a distant organ, may experience mucosal ischemia and
hypoxia while also disrupting the normal intestinal flora, thereby
exacerbating the disease.

G protein-coupled receptors (GPCRs) are a ubiquitous type of
membrane receptor that play crucial roles in cell signal
transduction, regulating various physiological processes such as
chemoreception, immune regulation, neurotransmission and
endocrine regulation. SIPR2 is a highly expressed subtype of
GPCR primarily found in vascular smooth muscle cells, heart,
liver, kidney, spleen, lung and brain. There are five subtypes of
S1PRs: S1PR1-5 (4). The G protein family can be categorized into
four distinct families: Gq/11, G12/13, Gs, and Gi/o. The S1IPR2 and
S1PR3 receptors possess the capability to interact with G12/13, Gq/
11, and Gi/o proteins, whereas the SIPRI and SIPR5 receptors
demonstrate a preference for binding specifically to Gi/o proteins.
Previous research has demonstrated that activation of different
types of cells by S1PRs leads to diverse biological effects; for
instance, SIPR2 is involved in the migration and invasion
processes of multiple myeloma cells as well as inhibiting
proliferation in SKOV3 cells during allergic asthma or epithelial
ovarian cancer (5). However, it is elusive that the precise
mechanism underlying the involvement of SIPR2 in intestinal
injury induced by SAP. In this study, our objective is to elucidate
the mechanistic involvement of S1PR2 in SAP pathogenesis,
thereby offering novel insights for therapeutic intervention.

The GSDMD was identified through a comprehensive whole
genome editing screening conducted by Academician Shao Feng’s
team (6), and the Gasdermin family proteins, exemplified by
GSDMD, have been progressively validated as the ultimate
effector proteins of pyroptosis. Pyroptosis has emerged as a
prominent research focus in recent years, and the investigation of
pyroptosis holds significant pathophysiological implications for
disease management. Currently, it has been found that pyroptosis
plays a key role in inflammatory diseases, oncologic diseases,
immune diseases (7, 8). The severity of intestinal injury in SAP is
closely associated with prognosis, and pyroptosis represents a form
of cellular demise. However, the precise role of pyroptosis in
intestinal injury induced by SAP remains incompletely elucidated.

In this paper, we found that inhibition of SIPR2 expression by
JTE-013 can alleviate SAP in mice. In addition, we observed a
simultaneous decrease in the expression of pyroptosis-related
proteins in mice with JTE-013. Moreover, it was verified that
S1PR2 was involved in macrophage pyroptosis and further
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affected intestinal cells in vitro. Therefore, we mainly discussed
the role of SIPR2 in regulating macrophage pyroptosis to
participate in the intestinal mucosal barrier function of SAP.

2 Materials and methods
2.1 Animal experiments

The animal experiments were conducted in accordance with the
guidelines provided by the Animal Care and Welfare Committee of
the Affiliated Hospital of Qingdao University (AHQU-
MAL20220708). Twenty-four SPF-grade male C57BL/6 mice,
weighing 20 ~ 25g and meeting SPF-grade standards, were raised
by the Animal Experimental Center of Huangdao Hospital,
Affiliated Hospital of Qingdao University. The mice were divided
into Control (CON) group, SAP model group, and JTE-013 group
by random number table method, with 8 mice in each group.

The C57BL/6 mice were subjected to an 18-hour fasting period
prior to the experiment, while being provided with unrestricted access
to water. The SAP model group was given intraperitoneally 50 pg/kg
cerulein (Meilunbio,Dalian,China), once an hour for 6 consecutive
times, 10 mg/kg lipopolysaccharide(Meilunbio) was given after the last
injection of cerulein, the CON group was given the same dose of
normal saline, the JTE-013 group received the same preliminary
treatment as SAP group, JTE-013 4 mg/kg for the last time (9).

Whole blood was anesthetized 12 h after modeling, pancreas
and ileal tissues were fixed in formalin solution, and part of the ileal
tissue was stored at -80°C for later use.

2.2 Cell culture, transfection and treatment

The human mononuclear macrophage THP-1 cells were
cultured in RPMI 1640 complete medium (Procell, Wuhan,
China) supplemented with 10% fetal bovine serum (Procell) and
0.05 mmol/L B-mercaptoethanol. Upon reaching a cell density of
80%-90%, the culture was passaged. Following passage, the THP-1
cells were incubated at 37°C in a 5% CO, cell incubator to induce
adhesion using culture medium containing 100 ng/ml Phorbol12-
myristatel 3-acetate(MedChenExpress, New Jersey, United States)
for a duration of 72 hours. Subsequently, the culture medium was
replaced, and the THP-1 cells were further cultured for
subsequent experiments.

The human intestinal epithelial FHC cells were cultured in a
complete medium of DMEM (Procell) supplemented with 10% fetal
bovine serum. Upon reaching a cell density of 80%-90%, the cells
were digested using pancreatic enzyme, followed by centrifugation
and subsequent passage at a ratio of 1:3. After passage, the cells were
incubated in a cell culture chamber maintained at 37°C with 5%
CO, for further experimental procedures.

The THP-1 cell line was divided into four experimental groups:
NC, LPS+ATP, LPS+ATP +siRNA, and LPS+ATP +shDNA group.
The adherent THP-1 cells were cultured in antibiotic-free medium.
The SIPR2 overexpression plasmid (Genechem, Shanghai, China)
was transfected using Advanced DNA RNA Transfection Reagent
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(ZETALife, SanFrancisco, United States) while the SIPR2 siRNA
(GenePharma, Shanghai, China) was transfected using
Lipofectamine 2000 (Invitrogen, California, UnitedStates)(Sense:
GUAGCCAAUACCUUGCUCUTTantisense: AGAGCAAGGU
AUUGGCUACTT). Subsequently, the THP-1 cells were
stimulated with 1 pg/ml of LPS for 24 hours followed by
induction with 5 mmol/L ATP for 20 minutes.

The THP-1 cell line was inoculated into the lower chamber of a
6-well plate, while FHC cells were inoculated into another chamber
of the same plate. Once reaching approximately 90% confluency,
the chambers were transferred to the 6-well plate and co-cultured
with THP-1 cells. Following incubation, cells within the chambers
were harvested for subsequent experimental procedures.

2.3 Enzyme-linked immunosorbent assay

Serum of mice and cell supernatant were initially obtained in
accordance with the instructions. The procedure followed the
instructions provided with the ELISA kit (ElabScience, Wuhan,
China), and the optical density (OD) value was measured and
analyzed using a microplate reader.

2.4 Hematoxylin and eosin staining

We collected pancreatic and intestinal tissues from mice, which
were subsequently fixed in a formalin solution. The tissues were
then embedded in paraffin using conventional methods and stained
with hematoxylin-eosin (HE). Subsequently, the sections were
observed under a light microscope.

2.5 Immunohistochemical staining

The paraffin sections underwent dewaxing and hydration
procedures. Then 3% H,0, was used to inhibit endogenous
peroxidase activity, and sections were incubated with the primary
antibodies severally including ZO-1 antibody (1:200, Abcam,
Cambridge, United Kingdom), Occludin (1:200, Abcam), Claudin-1
(1:200, Abcam), and S1PR2 antibody (1:200 Affinity Biosciences,
Jiangsu, China) at 4°C. This was followed by a 20-minute incubation
with HRP-anti-rabbit Ig-G (Absin, Wuhan, China). The sections
were subjected to DAB and hematoxylin staining, followed by
microscopic examination for result visualization.

2.6 Quantitative real-time polymerase
chain reaction

The RNAeasy (Vazyme, Nanjing, China) was used to extract
tissue or intracellular RNA, and the concentration and purity were
detected by the ultraviolet absorption method, then cDNA was
synthesized by reverse transcription according to the kit
requirements (Vazyme). The primer sequences (Sangon biotech,
Shanghai, China) are shown in the table (Tables 1, 2).
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2.7 Immunofluorescence staining

Pancreatic sections were incubated with primary antibodies against
amylase (1:100, Affinity Biosciences) and S1PR2 (1:100, Affinity
Biosciences) overnight at 4°C. The sections were subsequently
incubated with fluorescent secondary antibodies and counterstained
with DAPI. Images were acquired by Olympus microscope.

2.8 Western blot

A total of 20mg of mouse intestinal tissue or cells in a 6-well plate
were collected. Subsequently, the samples were lysed using RIPA
buffer to extract proteins. For electrophoresis and membrane transfer,
10ug of protein was utilized. Following milk blocking, the membrane
was incubated overnight at 4°C on a shaker with different primary
antibodies separately, including SIPR2 (1:500,Affinity Biosciences),
Caspasel (1:1000, Affinity Biosciences), Caspasell (1:1000, Affinity
Biosciences), GSDMD (1:1000, Affinity Biosciences), NLRP3 (1:1000,
Abcam, Cambridge, United Kingdom), ZO-1 (1:1000,Abcam),
Occludin (1:1000,Abcam), ROCK1 (1:1000, Abcam), RhoA (1:5000,
Abcam), B-Tubulin (1:1000, BOSTER, Wuhan, China), B-actin
(1:1000, BOSTER). After thorough membrane washing, secondary
antibodies (1:5000, BOSTER) were applied and finally visualized using
a visualizer. The obtained results were processed utilizing Image].

2.9 Statistic analysis

The statistical analysis was performed using GraphPad Prism
8.0.2 software. Measurement data were presented as mean *

TABLE 1 Primer sequences for the mouse gene.

Primer Sequence

F:CATCTTACTGGCTATCGTGGCTCTG

S1PR2

R:GCTTCTGAGGACCAGCAACATC

F:CCAGACCTCCAAGACCACTACG
NLRP3

R:CAGAGAAGAGATGCTCCTCAATGC

F:ATACAACCACTCGTACACGTCTTGC
Caspasel

R:TCCTCCAGCAGCAACTTCATTTCTC

F:GGCTACGATGTGGTGGTGAAAGAG
Caspasell

R:ATGTGCTGTCTGATGTCTGGTGTTC

F:ACTGAGGTCCACAGCCAAGAGG
GSDMD

R:GCCACTCGGAATGCCAGGATG

F:GGCGGCTATGGAGGCTATGG
Occludin

R:CTAAGGAAGCGATGAAGCAGAAGG

F:AGCAGTGGAAGAAGTTACAGTTGAG
Z0-1

R:TAGGCAGAGCACCATCAGAAGG

F:CCTGGCTTCTCTGGGATGGAT
Claudin-1

R:CTGAGCGGTCACGATGTTGTC
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TABLE 2 Primer sequences for THP-1.

Primer Sequence

SIPR2 F:GCCTTCATCGTCATGCTCTGTTG
R:CAGGTACATTGCCGAGTGGAAC
NLRP3 F:CGTGAGTCCCATTAAGATGGAGT
R:CCCGACAGTGGATATAGAACAGA
Caspasel F- AAAAGCCATGGCCGACAAG
R-TCTTCCTTGTTCAGCACCCT
Caspase4 F-TTCCCTATGGCAGAAGGCAAC
R-TGCCATGACCCGAACTTTGT
GSDMD F:TGCCTCCACAACTTCCTGACAG

R:GTCTCCACCTCTGCCCGTAG

standard deviation. Differences between groups were analyzed using
one-way analysis of variance (ANOVA). Statistical significance was
defined as P<0.05.

3 Results

3.1 JTE-013 alleviates pathological injury in
SAP-induced mice

Firstly, we investigated the effect of JTE-013 in attenuating
pathological damage in mice with SAP. Following intraperitoneal
injection of 4mg/kg reagent in the JTE-013 group, a significant
reduction in pancreatic edema and ascites was observed compared
to the SAP group (Figure 1A). HE revealed that infiltration of
inflammatory cells in the pancreas was more severe in the SAP
group than in the JTE-013 group, with a statistically significant
difference according to the pancreatic pathology scoring criteria
proposed by Schmidt (10) (Figures 1B, D). Furthermore, light
microscopy analysis of intestinal HE samples showed increased
intervillous space along with inflammatory cell infiltration and
edema in the JTE-013 group. In contrast, the SAP group
exhibited obvious destruction of intestinal mucosal villi
accompanied by pronounced inflammatory cell infiltration and
interstitial edema. According to Chiu’s grading criteria (11), there
were significant differences in intestinal mucosal pathological scores
among the groups (Figures 1C, E, P<0.05).

3.2 JTE-013 reduced inflammation in mice
with SAP

The levels of serum amylase and inflammatory cytokines,
including IL-1PB, IL-18, and TNF-a, were quantified. Our findings
revealed significantly elevated concentrations of serum amylase and
inflammatory factors in the SAP group compared to the CON
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group. Furthermore, the JTE-013 group exhibited higher levels of
serum amylase and inflammatory factors than the CON group but
lower than those observed in the SAP group (Figures 2B, C, P<0.05).

Then, the localized expression of SIPR2 and amylase was
further examined by immunofluorescence staining. It showed that
S1PR2 was located in the cell membrane and was red. The quantity
of amylase in the SAP group was higher than that in the CON
group, and the difference was statistically significant (P<0.05), the
relative quantification of the JTE-013 group was higher than that of
the CON group, and the difference was statistically significant
(Figure 2A, P<0.05).

3.3 JTE-013 attenuated pyroptosis in
intestinal tissues of mice with SAP

The inhibitory effect of JTE-013 on SIPR2 was assessed by
immunohistochemistry, polymerase chain reaction, and Western
blotting to determine the levels of SIPR2 in the midgut tissues of
each experimental group. The results demonstrated a statistically
significant difference between groups (Figures 3A-C, P<0.05).

Afterward, we proceeded to analyze the expression of
pyroptosis proteins in the intestinal tissues of each experimental
group of mice, encompassing NLRP3, Caspasel, Caspasell and
GSDMD-N. The expression of pyroptosis protein in the JTE-013
group was significantly lower compared to the SAP group, but
higher than that in the CON group (Figure 4A). Similarly, the PCR
results show that the NLRP3, Caspasel and Caspasell, GSDMD
mRNA level in the JTE-013 group was higher than that in the CON
group and lower than that in the SAP group, and the difference was
statistically significant (Figure 4B, P<0.05).

3.4 JTE-013 ameliorated intestinal tissue
injury in mice with SAP

The expression of adhesion protein was investigated through
immunohistochemistry analysis, we found that in the CON group,
Occludin, ZO-1, and Claudin-1 proteins were observed to be
distributed along the intestinal mucosal epithelial cells with
strong brown linear signals. Although the location of Occludin,
ZO-1 and Claudin-1 in the JTE-013 group was not significantly
different from that in the CON group, there was a noticeable
weakening of brown positive signal. The number of positive cells
decreased significantly in both SAP and JTE-013 groups. The
relative quantitative difference of protein expression among these
three groups was statistically significant (Figures 5A, B).

At the same time, we also detected the level of mRNA in
intestinal tissues. The results showed that the Occludin, ZO-1,
and Claudin-1 mRNA in the SAP group was lower than that in
the CON group, and the Occludin, ZO-1, and Claudin-1 mRNA in
the JTE-013 group was higher than that in the SAP group, and the
differences were statistically significant (Figure 5C, P<0.05).
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CON

Pancreatic pathologic score

CON SAP JTE-013

FIGURE 1

SAP

10.3389/fimmu.2024.1405622

JTE-013

E so

30

20

Intestinal pathologic score

CON SAP JTE-013

JTE-013 alleviates pancreatic and intestinal damage in mice with SAP. (A) The intestinal and pancreatic lesions of mice were observed. (B) Results of
pancreatic pathological injury (HE*200). (C) Results of intestinal pathological injury (HE*200). (D) The score of pancreatic pathology. (E) The score of

intestinal pathology. *P<0.05 VS.CON #P<0.05 VS.SAP.

3.5 S1PR2 facilitated pyroptosis of THP-1
in vitro

We first transfected cells with siRNA or overexpression
plasmids for 48 h, respectively, and detected the SIPR2 protein
expression by Western Blot (Figures 6A, B). To verify the role of
SIPR2 in pyroptosis, we assessed pyroptosis-related proteins in
THP-1 groups, and the results showed that the expressions of
pyroptosis proteins GSDMD-N, NLRP3, Caspasel and Caspase4
in the LPS+ATP+shDNA group were higher than those in the LPS
+ATP group. Compared with the LPS+ATP group, the pyroptosis
related proteins in the LPS+ATP+siRNA group decreased
significantly (Figure 6C), indicating that SIPR2 is correlated with
pyroptosis. The PCR results similarly demonstrated statistically
significant disparities in mRNA levels among the groups
(Figure 6D). Additionally, we assessed the levels of inflammatory
biomarkers, including LDH, IL-18, and IL-1p, following pyroptosis
induction. The results revealed statistically significant variations
among groups (Figure 6E).

Frontiers in Immunology

3.6 The RhoA/ROCK pathway induces
pyroptosis in THP-1 cells, causing cellular
damage to FHC

The expression levels of RhoA/ROCK were initially assessed in
each cell group, revealing a statistically significant disparity (Figure 7A).
To further investigate the relationship between the RhoA/ROCK
pathway and macrophage pyroptosis, as well as to determine whether
S1PR2 regulates this pathway, we treated THP-1 cells overexpressing
SIPR2 with the RhoA/ROCK pathway inhibitor Y27632 in order to
assess changes in pyroptosis-related proteins. The results demonstrated
a significant decrease in the expression levels of GSDMD-N, Caspase4,
and associated proteins following Y27632 treatment (Figure 7B).

We further investigated the impact of macrophage-induced
pyroptosis on intestinal epithelial cells by co-culturing THP-1 and
FHC cells in small chambers, followed by the detection of ZO-1 and
Occludin-related proteins. The results revealed a significant decrease
in the expression of ZO-1 and Occludin in cells from the LPS+ATP
+shDNA group compared to the control group. Conversely, when

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1405622
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Lin et al.

Amylase S1PR2

A
CON

1000-
800

500

IL-1B (pgimi)
1L18(pgimi)

TNF-a(pgimi)
Amylase(Uimi)

8

400

20

o

cON  sAp  JTEON CON  sap JTEON

FIGURE 2

B

10.3389/fimmu.2024.1405622

DAPI Merge

oIII

sap JTEOM
coN  sap  JTEON

JTE-013 reduces pancreatic amylase levels and serum inflammation levels. (A) Results of pancreas SIPR2 and amylase detected by
immunofluorescence double staining. (B) Serum levels of inflammatory cytokines IL-18, IL-1B, TNF-o detected by ELISA. (C) Serum amylase levels

detected by colorimetric method *P<0.05 VS.CON #P<0.05 VS.SAP.

comparing with the LPS+ATP group, there was a notable increase in
Z0O-1 and Occludin expression in the LPS+ATP+siRNA group
(Figure 7C), indicating that macrophage pyroptosis had an impact
on tight junction protein expression within intestinal epithelial cells.

4 Discussion

Sphingosine-1-phosphate (SIP) is a bioactive lipid molecule
that regulates various cellular functions through its binding to the
S1PR receptor in different cell types. SIPR2, the most highly
expressed SIP receptor on macrophages’ surface, interacts with
extracellular factors to mediate diverse reactions. Previous studies

SIPR2 "

Relative mRNA level of STPR2

CON SAP

JTE-013

FIGURE 3

have shown that knocking down S1PR2 in the liver can alleviate
chronic glucocorticoid-induced glucose intolerance and reduce
fasting plasma insulin level (12). S1P plays an important role in
the cardiovascular system by participating in the occurrence and
development of diseases related to the cardiovascular system (13).
Previous studies have shown that combined S1P with S1PR2 can
regulate the NLRP3 inflammasome and promote fibrosis in chronic
pancreatitis (14). The S1IPR2 signaling pathway is associated with
the metastasis process of pancreatic cancer (15). In addition, SIPR2
is up-regulated in mice with cholestatic liver fibrosis, while JTE-013
can reduce liver histopathological injury, collagen accumulation
and fibrosis-related gene expression in mice (16). Furthermore, the
researchers found that derivatives of JTE-013 exhibit promising

c CON  SAP JTE-013

SIPR2 39KD

ES
Actin | e —— 43KD

con SAP JTE-013

JTE-013 inhibited the expression of SIPR2 (A) The expression of intestinal SIPR2 protein was detected by immunohistochemical staining. (ordinary
microscope*400). (B) The mRNA level of SIPR2 in intestinal tissues detected by PCR. (C) The S1PR2 protein level of intestinal tissue detected by

western blot. *P<0.05 VS.CON #P<0.05 VS.SAP.
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FIGURE 4

JTE-013 inhibited the expression of intestinal proteins related to pyroptosis in mice. (A) The pyroptosis protein level of intestinal tissue detected by
western blot. (B) The mRNA level of pyroptosis in intestinal tissues detected by PCR. *P<0.05 VS.CON #P<0.05 VS.SAP.

FIGURE 5

Expression of intestinal adhesion protein (A) The expression of intestinal adhesion protein was detected by immunohistochemical staining. (ordinary
microscope*400). (B) The score of intestinal adhesion protein. (C) The mRNA level of ZO-1, Occludin and Claudin-1 in intestinal tissues detected by
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potential as novel and effective antagonists targeting SIPR2 for
colorectal cancer treatment (17). Our study revealed upregulation of
intestinal expression of SIRP2 in mice with SAP, moreover, when
we inhibit this protein by JTE-013, we found that the degree of
pancreatic and intestinal injury decreased. These findings suggest
that the involvement of SIPR2 may contribute to the pathogenesis
and progression of SAP, thereby it may be a potential therapeutic
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mechanism for utilizing JTE-013 in the treatment of SAP with
intestinal disorders.

Pyroptosis, accompanied by the cleavage of GSDMD and the
release of the associated inflammatory cytokines IL-18 and IL-1f, is
mediated by the assembly of inflammasome (8). Pyroptosis is
involved in the occurrence and development of many diseases in
the body, including cardiovascular system diseases (18), nervous
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system diseases (19), cancer and other diseases (20).
Mechanistically, pyroptosis can be classified into two main
pathways: a classical pathway involving activation of Caspasel-
dependent inflammasomes like NLRP3; a non-classical pathway
mediated by Caspase 4/11. In these signaling pathways, GSDMD
undergoes enzymatic processing by respective Caspases to generate
an active N-terminal fragment that self-assembles into pore-
forming structures on cellular membranes, leading to the efflux of
intracellular contents and ultimately resulting in pyroptosis (21).
The study showed that LPS can upregulate the expression of
Caspasell (22), induce non-classical pathway pyroptosis of cells,
and cause disruption of the cell membrane to release IL-18 and IL-
1B (23). Previous studies have demonstrated an increase in
intestinal bacterial colonization following down-regulation of
Caspase4/11 expression. Intracellular (Salmonella typhimurium)
and extracellular (enteropathogenic Escherichia coli) intestinal
pathogens can activate the Caspase-4 inflammasome, promoting
the activation of pro-inflammatory cytokine IL-18 via intracellular
LPS (24). In our study, we observed that the induction of THP-1
with a combination of LPS and ATP resulted in pyroptosis in vitro,
accompanied by an upregulation of pyroptosis-related proteins and
increased levels of IL-18 in the cell supernatant. However, when we
knockdown the expression of SIPR2, we observed a decrease in the
level of pyroptosis in THP-1 cells. These findings suggest that
SIPR2 may serve as a potential promoter for pyroptosis.
Furthermore, we observed that overexpression of SIPR2 led to an
enhanced level of pyroptosis in THP-1, emphasizing this protein
played a crucial role in regulating pyroptosis. Previous studies have
shown that the RhoA/ROCK pathway plays an important role in
neurodegenerative diseases and cardiovascular diseases (25, 26),
and inhibiting the RhoA/ROCK pathway can reduce the
progression of Parkinson’s disease (27). At the same time, the
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RhoA/ROCK pathway is involved in the development of ovarian
cancer (28). In our study, we have demonstrated the involvement of
the RhoA/ROCK pathway in pyroptosis by its inhibition, which not
only reduces pyroptosis but also mitigates inflammation. Our
findings highlight the impact of the RhoA/ROCK pathway on
pyroptosis and suggest that targeting this pathway could serve as
a novel therapeutic approach for SAP treatment.

The intestinal barrier includes mechanical barrier, chemical
barrier, immune barrier, and biological barrier (29). The integrity
of the intestinal mechanical barrier is mainly supported by the tight
connection of epithelial cells, which effectively prevents harmful
substances (such as pathogens and endotoxins) from entering the
blood through the intestinal mucosa. It is a key cellular process to
maintain the stability of the intestinal epithelium and tight junctions,
and the permeability of intestine may increase accompanied by the
downregulation of tight junctions (30). The extent of intestinal
damage in SAP is crucial for the prognosis. Previous studies have
shown that there are three distinct types of intercellular junctions
within intestinal cells: tight junctions, adhesive junctions, and
desmosomes (31). The apical junction complex, composed of
multiple proteins, collectively supports the formation of dense
microvilli brush boundaries and plays a crucial role in regulating
epithelial barrier function and intercellular transport. Among these
proteins, ZO-1 is particularly essential for maintaining the
permeability of epithelial cells (32). Although the ultrastructure and
function of the epithelial barrier have been extensively characterized,
there is currently no proven pharmacotherapy available. It has not
been demonstrated that restoring barrier function can improve the
clinical presentation of local gastrointestinal diseases or systemic
diseases effectively, and the intestinal barrier function still has some
potential for clinical treatment (33). In our study, the expression of
intestinal adhesion proteins was utilized as an indicator to evaluate
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enterocyte functionality. Through co-culturing THP-1 and FHC, we
observed that induction of macrophage pyroptosis led to varying
degrees of impairment in FHC, leading to a reduction in the
expression of surface cell adhesion proteins. Additionally, the
inhibition of SIPR2 expression in macrophages resulted in a
reduction of FHC function. Consequently, the occurrence of THP-
1 pyroptosis decreased along with a corresponding reduction in the
extent of FHC injury, indicating that SIPR2 may be a potential
therapeutic target for treating intestinal injury induced by SAP.

5 Conclusion

In conclusion, our study suggests that the involvement of SIPR2
in severe acute pancreatitis-induced intestinal mucosal barrier
dysfunction is mediated by its regulation of macrophage
pyroptosis via the RhoA/ROCK pathway.
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