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Background: Pyroptosis is a significant contributor to the development of severe acute pancreatitis (SAP), and the presence of SAP
together with a reduced platelet count often indicates a poor prognosis. In this study, we screened targets from platelets and explored
the role of lectin galactoside-binding soluble 9 (LGALSY) in acinar cell pyroptosis and inflammation in SAP.

Methods: SAP cell models, alongside mouse models showing diminished platelet counts, were established using caerulein and
lipopolysaccharide. We conducted transcriptomic sequencing on platelets from mice with and without SAP to identify possible targets,
and we determined LGALS9 levels in platelet releasates and serum from both patients and mice with and without SAP. Bioinformatic
analysis was then applied to predict the relationship between LGALS9 and pyroptosis-related proteins. Subsequently, recombinant
LGALS9, a-lactose, and RG9-35 were used to treat SAP mice and acinar cells to evaluate the effect of LGALS9 on inflammation and
its regulatory effects on acinar cell pyroptosis in SAP.

Results: LGALSY expression was upregulated in SAP platelets, and LGALS9 levels were found to be significantly elevated in platelet
releasates and serum. Bioinformatic analysis illustrated the correlations and interactions between LGALS9 and the pyroptosis-related
proteins ASC, NLRP3, caspase-1, and gasdermin D. Within the SAP context, LGALS9 may be potentially administered to diminish
acinar cell pyroptosis-related protein levels, inhibit acinar cell pyroptosis, mitigate inflammatory factor levels, and alleviate pancreatic
tissue inflammatory damage.

Conclusion: Our data indicated that LGALS9 expression was elevated in platelets of patients and mice with SAP. LGALS9 also
inhibited NLRP3 inflammasome-dependent pyroptosis and suppressed inflammation in SAP.
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Introduction

Acute pancreatitis (AP) is a common acute digestive disorder that is principally caused by autodigestion of pancreatic
tissue and severe local inflammation due to abnormal trypsinogen activation after damage to acinar cells." AP is classified
by severity into mild acute pancreatitis (MAP), moderately severe acute pancreatitis (MSAP), and severe acute
pancreatitis (SAP).? Approximately 20% of patients with AP develop SAP, which may readily result in the dysfunction
of numerous organs and even sepsis, with mortality rates attaining 20-40%.>* The pathogenesis of SAP is presently
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unclear, and there is a paucity of pharmacologic agents that specifically target the disease. Moreover, the clinical
treatments for SAP have limited efficacy and result in poor patient prognosis.” Therefore, an in-depth exploration of
the underlying pathological mechanisms and their potential therapeutic value is crucial for developing objective manage-
ment strategies for SAP.

Pyroptosis is a programmed lytic cell death that is characterized by cellular swelling, rupture, and the release of pro-
inflammatory mediators, and it was first reported in 1998.% The canonical and non-canonical inflammasome pathways
play a primary role in triggering pyroptosis. Inflammasome complexes form the canonical inflammasome pathway, and
four major prototypes are now known: NLRP3, NLRP1, NLRC4, and AIM2. These inflammasome complexes activate
caspase-1, which cleaves gasdermin D (GSDMD) to release its N-terminal domain. Pores form in the plasma membrane
that result in cellular swelling, lysis, and the release of the proinflammatory cytokines IL-18 and IL-18, which then
amplify the inflammatory response. The non-canonical inflammasome pathway is primarily based upon the activation of
caspase-4/5/11, which cleaves GSDMD to facilitate pyroptosis.® Studies have confirmed that pyroptosis is involved in the
key pathogenic mechanisms of multiple inflammatory diseases—including sepsis,” Crohn’s disease,'” and pneumonia.''
NLRP3-dependent pyroptosis represents one of the critical factors that drive the pathological progression of AP to SAP.'?
Clarification of the regulatory mechanisms governing pyroptosis in SAP would be critical to the development of
therapeutic targets.

In addition to their functions in hemostasis and thrombosis, activated platelets are immune cells that initiate and
accelerate the inflammatory process and contribute to various pathological inflammatory conditions."® Current research
indicates that activated platelets participate in the onset of AP by releasing inflammatory factors and forming
microthrombi.'*'> Notably, a decrease in platelet count is associated with the severity of AP and can serve as one of
the indicators for assessing disease severity and prognosis. A reduction in platelet count suggests a poor prognosis'® in
SAP, indicating the involvement of activated platelets in the progression of the disease. Nevertheless, the mechanisms are
not well understood.

Activated platelets produce and secrete soluble factors that mediate their inflammatory and immune functions.'’
Lectin galactoside-binding soluble 9 (LGALSY), also known as galectin-9, is a secreted lectin and a member of the
galectin family that selectively binds to B-galactosides.'® In recent years, LGALS9 has drawn significant attention due to
its role in several physiological processes, including cellular growth, differentiation, communication, adhesion, and cell
death.'” LGALS9 manifests diverse functions in various inflammatory states. For example, LGALS9 promotes inflam-

matory progression in osteoarthritis and rheumatoid arthritis***'

while alleviating inflammatory damage in acute lung
injury and colitis.**** The role of LGALS9 in SAP, however, remains unclear. Although previous studies have revealed
that LGALS9 promotes the degradation of NLRP3,%* there is no direct evidence indicating that LGALS9 is involved in
the regulation of pyroptosis.

In this study, we hypothesized that platelet-derived LGALS9 functions as an anti-inflammatory compensatory
mechanism to suppress NLRP3-mediated pyroptosis in SAP. We investigated the expression of LGALS9 in platelets
during SAP and demonstrated its effects on acinar cell pyroptosis in SAP. Our findings revealed that LGALS9 is
upregulated in platelets in SAP and reduces inflammatory damage by blocking acinar cell pyroptosis, implying its future

possible therapeutic use in the treatment of SAP.

Material and Methods

Antibodies and Reagents

Caerulein (CAE, S62702) and modified Tyrode’s buffer (R20269) were purchased from Yuanye Biotechnology
(Shanghai, China). Lipopolysaccharide (LPS; ST1470), thrombin (ST1701), calcium chloride solution (ST365), RIPA
buffer (P0013B), and PMSF (ST506) were purchased from Beyotime (Shanghai, China). a-Lactose (L2643) was
purchased from Sigma-Aldrich (St. Louis, MO, USA); anti-LGALS9 (RG9-35, Ab01088-2.0-VXS) was purchased
from Absolute Antibody (Redcar, UK). Recombinant LGALS9 protein (HY-P70535) and isotype control protein
(mouse IgG2a kappa, HY-P99978) were purchased from MedChemExpress (Princeton, NJ, USA); PGE1 (Prostaglandin-
El, V2425) was purchased from InvivoChem (Libertyville, IL, USA). VAHTS® Universal V8 RNA-seq Library Prep
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Kit for Illumina (NR605) was purchased from Vazyme (Nanjing, China); a TUNEL In Situ Apoptosis Kit (E-CK-A320)
was purchased from Elabscience (Wuhan, China); and calcein/PI cell viability/cytotoxicity assay kit (C2015) was
purchased from Beyotime (Shanghai, China).

Primary antibodies anti-NLRP3 (WL02635) and anti-ASC (WL02462) were procured from Wanleibio (Shenyang,
China); anti-GSDMD (TA4012) and anti-caspase-1 (P79884R2) were from Abmart (Shanghai, China); and anti-MPO
(22225-1-AP) and anti-GAPDH (81640-5-RR) were from Proteintech (Wuhan, China). Anti-CD44 (DF6392), anti-
caspasel (AF4005), anti-GSDMD (AF4012), and second antibodies (goat anti-rabbit I[gG H+L, S0001) were purchased
from Affinity (Cincinnati, OH, USA).

Mouse TNF-a (E-EL-M3063), mouse IL-6 (E-EL-M0044), mouse IL-1p (E-EL-MO0037), mouse IL-18 (E-EL-
MO0730), and human LGALS9 (E-EL-H1059) ELISA kits were purchased from Elabscience (Wuhan, China). Mouse
LGALS9 (CSB-EL012895MO) ELISA kits were purchased from CUSABIO (Wuhan, China).

SAP and Healthy Controls

Whole blood samples were collected from five normal controls and five SAP patients aged 18-80 years at Nanfang
Hospital of Southern Medical University with approval from the Ethics Committee (Approval No. NFEC-2021-433).
SAP patients met the corresponding diagnostic criteria,® and samples were collected when their platelet counts were
below 100 x 10%/L.

SAP Mouse Model

All animal experiments were conducted in accordance with the ARRIVE guidelines.? Preclinical male PRSS! (GenBank
Accession No. NM_002769.4) transgenic (PRSSI7€) mice that were 6-8 weeks of age and that weighed 20-25 g each
were grouped by simple randomization with a random number method. Compared with wild-type mice, PRSSI’® mice
more accurately recapitulates the pathological progression of human pancreatitis, exhibiting more pronounced phenotypic
manifestations and disease severity. These mice were then used to establish the SAP model by 10 intraperitoneal (i.p.)
injections of CAE (20 pg/mL) at 100 pg/kg administered at hourly intervals and one intraperitoneal injection of LPS
(1 mg/mL) at 5 mg/kg with the final CAE injection; normal control animals received an equivalent volume of saline
(Figure 1A). An equal volume of recombinant LGALS9 (rLGALS9) protein (30 pg/mouse) or PBS was intraperitoneally
injected 30 minutes before the first CAE treatment in the SAP treatment groups, while a-lactose (30 mg/mouse), RG9-35
(60 pg/mouse), IgG2a isotype control antibody (60 pg/mouse), or PBS was administered intraperitoneally 30 minutes
after LPS treatment. All mice were housed in randomly positioned static cages (with five mice per cage) under a 12/
12 hour dark/light cycle and at a temperature of 22-24°C in the specific pathogen free—grade animal care facility, with
free access to water and food. At the designated time after the first CAE injections, mice were anesthetized via
intraperitoneal injections of pentobarbital sodium (150 mg/kg), after which they were sacrificed to harvest their blood
and pancreas for subsequent experiments.

SAP Cell Model

Mouse pancreatic acinar MPC-83 cells were obtained from Jennio Biotech (Guangzhou, China) and cultured in RPMI
1640 medium containing 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin, to prevent bacterial contamina-
tion, at 37°C in an incubator with 5% CO, in compressed air with high humidity. The cell model was established by
treating cells with CAE (100 nM) and LPS (10 pg/mL) or rLGALS9 (500 ng/mL) for 24 h. In the SAP treatment groups,
cells were pretreated with TLGALS9 (500 ng/mL) or a-lactose (30mM) for 30 min before CAE and LPS treatment. The
culture medium and cells were subsequently collected for further analysis.

Bioinformatic Analysis
The GSE194331 dataset containing RNA-sequencing data from 32 healthy controls, 57 MAP, 20 MSAP, and 10 SAP
blood samples was obtained from The Gene Expression Synthesis Database (https://www.ncbi.nlm.nih.gov/geo/). Based

on this dataset, we analyzed the differences in serum expression levels and the relationships among LGALS9, PYCARD
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Figure | Establishment of SAP mouse models with diminished platelet counts. (A) SAP mouse models were established by intraperitoneal injection of CAE and LPS. (B and C)
H&E staining, pancreatic images, and pancreatic histology scores of normal control (NC) and SAP at various time points (Scale bar: 100 um). (D—F) Platelet counts, neutrophil
percentages, and neutrophil/lymphocyte ratios in peripheral blood of NC and SAP from 24 h to 168 h. Data are presented as means * standard error of the mean (SEM). n=5.
NS, not significant, **P < 0.01, ***P < 0.001, ****P < 0.0001, two-sided Student’s t-test.
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(ASC), NLRP3, CASP1 (caspase-1), GSDMD, IL-1B, and IL-18 between patients with AP and healthy controls.
STRING (https://cn.string-db.org) was adopted to detect the interaction network between LGALS9 and these genes.

Platelet Isolation and RNA Sequencing and Analysis

Peripheral blood collected in 3.2% sodium citrate tubes was used to isolate platelets, and the samples were placed in an
ice bath for 30 min immediately after collection. Following the addition of PBS and Ficoll separation medium, the
sample was centrifuged at 200 g for 4 min at 4°C. The platelet-rich plasma was then extracted and washed with PBS.
Following this, the platelet-rich plasma was centrifuged at 500 g for 20 minutes and then washed with PBS again. After
centrifugation, TRIzol and chloroform were added to the platelets, and the mixture was centrifuged at 12,000 g for
10 min at 4°C. Anhydrous ethanol and glycogen were then added, and the mixture was mixed thoroughly and incubated
at —80°C for | hour. A further centrifugation was then performed, and the supernatant was removed. The pellet was
dissolved in RNase-free water, and the concentration was determined using a Qubit fluorometer (Thermo Fisher). We
performed RNA extraction using a VAHTS® Universal V8 RNA-seq Library Prep Kit according to the manufacturer’s
instructions. The obtained libraries were ultimately quantified, normalized, pooled, and sequenced using Illumina.

The quality of the FASTQ files from RNA sequencing was checked using FASTQC v0.11.7. Clean reads were then
aligned to the reference genome quickly and accurately using HISAT?2, followed by count quantification using the feature
Counts tool in the Subread package. RNA sequencing data were analyzed using DESeq2 for batch correction and
normalization. The sequencing depth was >10 million reads per sample. Differentially expressed genes (DEGs) were
selected using the criteria [log2FC|>1 and an adjusted p-value (padj) < 0.05. We conducted pairwise statistical tests with
the Wilcoxon rank-sum test and executed correlations using the non-parametric Spearman correlation.

Platelet Releasates

Sodium citrate (3.8%) was mixed with peripheral blood from patients or mice at a 9:1 ratio (v/v) and placed on ice
immediately. Platelet-rich plasma (PRP) was isolated by centrifugation at 100 g for 5 min at room temperature and then
diluted with Tyrode’s buffer at a 1:1 (v/v) ratio. After mixing with PGEI to prevent platelet activation, the platelets were
pelleted by centrifugation at 1000 g for 10 min at 4°C and washed again with Tyrode’s buffer containing 1 uM PGE];
following centrifugation, the platelet pellets were resuspended in Tyrode’s buffer without PGE1. To initiate the activation
process, we adjusted the platelet concentration to 300 x 10%/L and stimulated them with 10 U/mL thrombin and 2 mM
calcium chloride solution for 30 minutes at 37°C. We then centrifuged the solution at 3000 g for 30 min at 4°C to remove
platelet fragments. The supernatant was collected as platelet releasates and stored at —80°C for further analysis.

Western-Blot Assay

The pancreatic tissues or pancreatic acinar cells were lysed in RIPA buffer containing PMSF using an ultrasonic
processor. The lysates were then centrifuged at 14,000 g for 10 min at 4°C to remove cellular debris, and denatured
proteins were separated on SDS-PAGE gels by electrophoresis and transferred to PVDF membranes. Skimmed milk (5%)
was used to block membranes for 1 h, and the membrane was then incubated with primary antibody overnight at 4°C and
further incubated with secondary antibody at room temperature for 1 h. Finally, hypersensitive chemiluminescence
reagents were used to visualize immunostained bands. ImageJ (NIH, Bethesda, MD, USA) was used to quantify the
relative levels of protein expression.

Enzyme-Linked Immunosorbent Assay (ELISA)

The concentrations of LGALS9, TNF-a, IL-6, IL-1p, and IL-18 in the MPC-83 cell culture medium and in the mouse
serum were determined using ELISA kits according to the manufacturer’s protocols and analyzed using a microplate
reader (TECAN, Minnedorf, Switzerland).

Histopathological and Immunohistochemical Staining
For histopathological staining, fresh pancreatic tissues were fixed with 4.0% paraformaldehyde solution, treated with
a concentration gradient of ethanol and xylene, and embedded in paraffin. Sections (4 pm thick) were then prepared,
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deparaffinized, rehydrated, and stained with hematoxylin and eosin (H&E). Histopathological scoring of the pancreas
was performed blindly by two pathologists following the criteria reported by Schmidt et al*® The final pathological score
was then the average of both values.

For immunohistochemical staining, the paraffin sections were dewaxed and rehydrated, and antigen retrieval took
place in 0.01 um citrate buffer. After blocking with 5% goat serum, the sections were incubated with an MPO antibody at
4°C overnight. The secondary antibody was added for incubation the following day, and color development was
commenced with 200 uL of diaminobenzidine (DAB) solution.

Calcein/PI Staining and TUNEL Assay

Cells were incubated with calcein/PI for 30 min, and cell death was determined with PI (for dying/dead cells) and calcein
(for living cells). Paraffin sections of pancreatic tissue were stained using a TUNEL In Situ Apoptosis Kit according to
the instructions. We captured images using a fluorescence microscope (BX63, Olympus), and the percentage area of the

fluorescence signal was calculated with Imagel.

Statistical Analysis

We statistically analyzed all data collected throughout the study with GraphPad Prism 10 and IBM SPSS Statistics 26.
The data are presented as a mean + standard deviation (SD), with a minimum of three independent replicates. Correlation
analyses were conducted using Spearman’s rank correlation test. For two-group comparisons of normally distributed
data, we applied the Student’s unpaired ¢ test, while the Mann—Whitney nonparametric test was used when normality was
not satisfied. For paired-sample comparisons, the paired ¢ test or the Wilcoxon signed-rank test was implemented. The
outcome assessors and data analysts were blinded to group allocation. A P value < 0.05 was considered to be statistically
significant.

Results
Establishment of Our SAP Model and Target Gene

To establish a mouse model suitable for this investigation, we successfully constructed SAP mouse models for 1-7 days
(Figure 1B). Hematological analysis showed that inflammatory damage to pancreatic tissue was most severe and
pancreatic tissue edema was most pronounced 24 hours after model construction, with the platelet count significantly
reduced and the neutrophil percentage (NEU%) and neutrophil/lymphocyte (NEU/LYM) ratio significantly increased
compared with normal levels. However, inflammation was alleviated by 168 hours, and the platelet count recovered
(Figure 1C—F). Consequently, the animal model that we constructed 24 hours after the first intraperitoneal injection of
CAE in mice was the optimal choice for this study.

To investigate the contribution of platelets to SAP pathogenesis, RNA sequencing was performed on platelets isolated
from five mice individually 24 h and 168 h after construction of the SAP mouse model and normal controls. To minimize
interference, the upregulated DEGs in platelets from the SAP mice at 24 h and 168 h were analyzed separately using the
edgeR, DESeq2, and limma packages, and the intersections yielded 1769 and 1373 genes, respectively (Figure 2A and
B). The intersection of these lists resulted in 414 commonly upregulated genes (Figure 2C), and we then performed
functional enrichment analysis with Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG).
Given that the occurrence of AP is attributed to the activation of trypsinogen under various stimuli,”’ we further
intersected the genes enriched in three pathways: GO:0050777, GO:0002832, and GO:0031342. After retaining genes
that encoded secretory proteins, we isolated three putative candidate genes: LGALS9, TGFB1, and CEACAMI. An
extensive literature review ultimately resulted in the choice of LGALS9 as the most suitable target for further study
(Figure 2D). The RNA expression levels of platelet LGALS9 were also significantly elevated in SAP mice compared
with normal control mice (Figure 2E).
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Figure 2 LGALS9 RNA expression was elevated in platelets from SAP mice. (A and B) Upregulated genes in platelets from SAP mouse models at 24 h and 168 h. (C) 414
commonly upregulated genes identified in both 24 h and 168 h groups. (D) Functional enrichment analysis of the common upregulated genes was performed using GO and
KEGG. (E) LGALS9 RNA expression in platelets from the NC, 24 h, and 168 h groups. All data represented the means + SEM. n=5. *P < 0.05, ***P < 0.001, two-sided
Student’s t-test.

LGALS9 is Upregulated in SAP Platelets and Serum and Correlates with

Pyroptosis-Related Proteins
We subsequently confirmed by ELISA that LGALSY protein concentrations were significantly augmented in both platelet
releasates and serum from SAP mice and humans compared with normal controls (Figure 3A—D), which supported our
transcriptomic results. Additionally, platelet-derived LGALS9 was discerned to be discharged to the extracellular space
after platelet activation.

We next investigated the relationships between LGALS9 and pyroptosis-related proteins, and STRING analysis
(https://cn.string-db.org) confirmed direct or indirect interaction relationships between LGALS9 and pyroptosis-related
proteins in both humans and mice (Figure 3E and F). We then applied the mRNA expression profile dataset GSE194331
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for analysis, and correlation analysis revealed that circulating LGALS9 expression was significantly correlated with the
levels of pyroptosis-related proteins, particularly those of CASP1 and GSDMD (Figure 3G).

LGALS9 Alleviates Pyroptosis in Acinar Cells During SAP in vitro

Since LGALS?9 is a secretory protein, we subsequently exploited pancreatic acinar cells (MPC83) for the induction of
SAP in vitro to investigate the role of circulating LGALS9 in regulating acinar cell pyroptosis during SAP, and we
conducted a series of functional experiments using exogenous rLGALS9. Calcein/PI staining revealed that CAE and LPS
induction caused substantial death of SAP acinar cells, whereas the addition of TLGALSY significantly attenuated acinar
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cell death. However, the effect of rLGALS9 was reversed in the presence of a-lactose (an inhibitor of LGALS9 activity)
(Figure 4A and B).

We adopted ELISA to measure the levels of inflammatory cytokines in the cell culture supernatants. As shown in
Figure 4C, the inflammatory cytokines IL-1p, IL-18, IL-6, and TNF-a in the supernatants from cells from individuals
with SAP were significantly elevated compared with the normal group, whereas the addition of rLGALS9 markedly
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Figure 4 continued.

reduced these cytokine levels. Notably, in the presence of a-lactose, the levels of IL-18, IL-6, and TNF-o diminished
further, without blocking rLGALSY function.

Western-blot analysis was then used to evaluate the expression levels of the pyroptosis-related proteins NLRP3, ASC,
caspasel-full length (caspasel-FL), caspasel-cleaved, GSDMD-full length (GSDMD-FL), and GSDMD-N in pancreatic
acinar cells subjected to different treatments, in order to observe the effects of rTLGALS9. Compared with the normal
group, the expression of pyroptosis-related proteins in SAP acinar cells was significantly increased (Figure 4D and E),
while rLGALS9 inhibited the expression of pyroptosis-related proteins, with such suppressive activity almost completely
abrogated by a-lactose (Figure 4F and G).

LGALS9 Inhibits Inflammation and Acinar Cell Pyroptosis in SAP in vivo

We wished to verify whether LGALS9 inhibited inflammation and pancreatic acinar cell pyroptosis in SAP mice in vivo.
PRSSI1™8 mice were exploited to establish our SAP model, histopathological staining was employed to assess inflam-
matory injury in their pancreatic tissues, and MPO immunohistochemical staining was applied to evaluate NEU
infiltration in pancreatic tissue. Our results revealed that pancreatic tissue-injury scores in mice with SAP and NEU
infiltration were both significantly increased, while IgG2a (isotype control antibody) had no effect on SAP. rLGALS9
reduced pancreatic tissue inflammation and NEU infiltration, while a-lactose and RG9-35 (a specific antibody to murine
LGALS9) blocked the effects of ILGALS9 (Figure SA—C).

We implemented the TUNEL assay to assess acinar cell death, and we achieved results consistent with our calcein/PI
staining in vitro. SAP mice exhibited increased acinar apoptosis that was reduced by treatment with rTLGALS9 and
exacerbated by blockade of LGALS9 protein (Figure 5D and E).

Furthermore, when the levels of the pyroptosis-related proteins NLRP3, ASC, caspase-1-FL, caspasel-cleaved,
GSDMD-FL, and GSDMD-N in each group of pancreatic tissues were investigated, we ascertained according to western-
blot results that the expression of pyroptosis-related proteins was elevated in SAP. Although GSDMD-FL did not show
significant differences, its levels in the pancreatic tissues of the SAP group remained higher than those in the normal
group. Although LGALS9 inhibited the expression of pyroptosis-related proteins, this downregulation was counteracted
by a-lactose and RG9-35 (Figure 6A and B).
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Figure 6 LGALS9 suppressed SAP inflammation and NLRP3-dependent pyroptosis in vivo. (A and B) Western Blot analysis of the expression levels of pyroptosis-related
proteins in pancreatic tissues from each group, n=3. (C) ELISA detection of IL-1B, IL-18, IL-6, and TNF-a levels in serum from each group, n=5. Means + SEM; NS, not
significant; *P < 0.05, **P < 0.01, **P < 0.001, ****P < 0.000| as determined by two-sided Student’s t-test.

Finally, we measured the levels of IL-1B, IL-18, IL-6, and TNF-a in the serum of mice from each group and found
that rLGALSO significantly reduced the levels of inflammatory factors in the serum of SAP mice, while RG9-35 reversed
this reduction. Notably, a-lactose did not completely reverse the diminution in IL-1f and IL-18, and the levels of IL-6
and TNF-o fell further after the addition of a-lactose (Figure 6C). These results further confirmed that LGALS9
ameliorated inflammatory injury and pancreatic acinar cellular pyroptosis, demonstrating a specific protective effect
against SAP.
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Discussion

SAP is a disease that is difficult to treat, exhibiting a high mortality rate caused by systemic injury and multiple-organ
failure, and activated platelets appear to play an important role in its development. In this study, we screened the
alterations in gene expression in platelets of normal mice and those in mice with SAP by transcriptomics and found that
LGALS9 RNA was upregulated in SAP platelets. The protein levels of LGALS9 were also significantly augmented in
SAP platelet releasates and serum. In vitro and in vivo experiments confirmed the onset of pancreatic acinar cell
pyroptosis in SAP, while LGALS9 was able to alleviate the inflammation and tissue damage in SAP by inhibiting
pyroptosis-related proteins in acinar cells and by reducing the levels of serum inflammatory factors.

Numerous studies have substantiated that NLRP3 inflammasome-dependent pyroptosis comprises a critical mechan-
ism in the development of AP. The NLRP3 inflammasome is composed of NLRP3, ASC, and caspase-1,?® and blocking
its related proteins can inhibit acinar cell pyroptosis and mitigate AP inflammation.?*" The intraperitoneal injection of
CAE with LPS is frequently used to create SAP models, as it simulates the common clinical scenario of SAP complicated
by infection; moreover, LPS is a key activator of the NLRP3 inflammasome.>*> Based on these studies, we successfully
established an SAP model and observed the onset of pyroptosis in pancreatic acinar cells. By inhibiting the protein
expression of NLRP3, ASC, caspasel, and GSDMD in acinar cells and the secretion of IL-1f and IL-18, we ameliorated
acinar cell pyroptosis and pancreatic tissue inflammation. These findings further demonstrated the significant therapeutic
value of inhibiting acinar cell pyroptosis in SAP treatment.

Although platelets have been traditionally shown to play a key role in hemostasis and thrombosis, they also serve as
important modulators of inflammation and immunity.>* Platelets store three types of granules: a-granules, dense granules,
and lysosomes, with o-granules being the most plentiful storing molecules. In addition to containing proteins that are
critical to hemostasis, platelets also store abundant chemokines, growth factors, and immune mediators; when platelets
are activated, these inflammatory factors are discharged into the blood and contribute to the pathogenesis of various
inflammatory conditions.** Platelets might therefore be important in the pathogenesis of AP. Activated platelets are able
to mediate NEU infiltration and tissue injury in the pancreatic tissues of individuals with AP through the release of the
chemokine CXCL4.'* Platelet microparticles also enhance pancreatic tissue damage by modulating the development of
NEU extracellular traps (NETs).*> Excessive platelet activation and aggregation appear to contribute to the formation of
thromboses in the pancreatic microcirculation, further leading to the exacerbation of pancreatic ischemia, necrosis, and
edema.'” Studies have indicated that AP patients with decreased platelet counts also exhibit significantly higher incidence
and mortality rates of infected pancreatic necrosis.'® On the basis of these findings, we established an SAP model with
decreased platelet counts and conducted a series of experiments. We demonstrated that the expression of LGALS9 was
elevated in SAP platelets and LGALS9 could be discharged into the immediate environment during activation. Contrary
to the previously acknowledged concept of platelets as pro-inflammatory, LGALS9 was shown to suppress inflammatory
damage and acinar cell pyroptosis in SAP. LGALS9 as a protective factor implies a dual identity of platelets in the
development of SAP.

LGALS9Y was initially uncovered to be an auto-antigen in the lymphomatous tissue of Hodgkin lymphoma patients
and as an eosinophil attractant in T-lymphocytes; investigators subsequently determined that LGALS9 is extensively
distributed at variable expression levels in various organ systems and tissues.*® While LGALS9 has been localized to the
cytoplasm, cell surface, and circulation, the source of LGALS9 in the serum has not been fully identified.?” We noted that
serum LGALS9 concentrations were elevated following the drop in platelet count in SAP, suggesting that serum
LGALS? originates from diverse sources. LGALS9 manifests a variety of different biological activities that apparently
depend upon disease type and localization. LGALS9 exacerbates inflammatory reactions in the articular cartilage of
osteoarthritis by activating the JNK and ERK1/2 pathways?® but ameliorates inflammation in intestinal mucosa by
inhibiting the TLR4/NF-kB pathway in ulcerative colitis.”> Recent research has shown that LGALS9 thus manifests the
dichotomous effects of being pro-inflammatory or anti-inflammatory in inflammatory bowel disease depending upon
context. Both a deficiency in endogenous LGALS9 and the treatment with exogenous rLGALSY can attenuate intestinal
inflammation.®® LGALS9 exhibits disparate regulatory effects on NLRP3 in various contexts. Although LGALS9
interacts with TLR4 on microglia and triggers the NLRP3 inflammasome in Alzheimer’s disease,’® it promotes
NLRP3 autophagic degradation by mediating the binding of p62 to NLRP3 in LPS-stimulated mouse peritoneal

Journal of Inflammation Research 2026:19 hetps: 13



Xiao et al

macrophages, inhibiting NLRP3 inflammasome activation.”* With SAP, we herein demonstrated for the first time that
treatment with exogenous rLGALS9 suppresses NLRP3 inflammasome-dependent pyroptosis in acinar cells, confirming
a protective role for exogenous LGALS9 in SAP. The aforementioned results revealed the variety of LGALS9’s
biological activities and mechanisms of action and its roles in a variety of diseases, and this should be explored further
in the future.

The present study has several important implications. We demonstrated that LGALS9 expression was elevated in SAP
platelets and that LGALS9 inhibited the pyroptosis of pancreatic acinar cells—alleviating inflammatory injury. These
findings provide further supporting evidence linking platelets and inflammation in the pathogenesis of SAP, revealing the
dual role of platelets in inflammation. The development and resolution of inflammation are generated by dynamic
interactions between pro-inflammatory and anti-inflammatory factors. Although we found augmented LGALS9 in SAP
serum, pro-inflammatory factors still dominated. We hypothesize that increasing serum LGALS9 would offer a novel
avenue of therapy in SAP. This study thus presents a theoretical basis for mechanistic research focused on platelets, in
particular LGALSY, and augurs for greater future understanding of the pathological development of SAP and for
improvements in treatment strategies.

There were some limitations to the current study. First, a-lactose competitively inhibited the glycosidase activity of
LGALS?9 protein by binding to its carbohydrate recognition domains (CRDs). However, a-lactose can also inhibit other
LGALS family members with CRDs in addition to LGALS9.’ The specific inhibitor of LGALS9 has yet to be identified.
Second, we herein found reduced platelet counts in mice and humans with SAP and also elevations in LGALS9
concentrations in serum, without eliminating the possible involvement of other cells in circulating LGALS9. Finally,
we were not able to confirm whether the regulation of acinar cell pyroptosis by LGALS9 was direct or indirect. The
specific mechanisms by which LGALS9 regulates pyroptosis also remain unclear, including how extracellular LGALS9
protein transmits regulatory signals into cells to further affect the onset of acinar cell pyroptosis. These aspects require
additional verification in future studies.

Conclusion

Our study showed that LGALS9 was a key suppressor of SAP and that LGALS9 expression was upregulated in the SAP
platelets. Furthermore, LGALS9 inhibited NLRP3 inflammasome-dependent pyroptosis in acinar cells, alleviating
inflammation. These findings highlight the promise of LGALS9 as a therapeutic target in the treatment of SAP.
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