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Abstract
and its potential regulatory mechanisms. WT (wild-type) and Prtn3” (Prtn3 knockout) mice were used to establish

This study investigates the role of PRTN3 (proteinase 3) in sepsis-induced ALI (acute lung injury)

sepsis and ALI models through intraperitoneal injection of different doses of LPS (lipopolysaccharide) (50 mg/kg and
10 mg/kg, respectively). Hematological analysis was performed to examine the number and proportion of different
blood cell types in the BALF (bronchoalveolar lavage fluid). qRT-PCR was used to analyze the expression changes
of inflammatory cytokines and ferroptosis-related genes in mouse lung tissues. The effects of Prtn3 deletion on fer-
roptosis in neutrophils treated with the ferroptosis inducer RSL3 were assessed using immunofiuorescence, ELISA,
and qRT-PCR. RNA sequencing was conducted to explore the potential molecular mechanisms by which Prn3 regu-
lates neutrophil ferroptosis. The results showed that Prtn3 deficiency significantly improved the overall survival rate
of LPS-induced septic mice (P<0.05). Histopathological and hematological analysis indicated that Prtn3 deficiency
markedly reduced pathological changes and inflammatory responses associated with sepsis-induced ALI (P<0.05).
The qRT-PCR results demonstrated that the expression levels of ferroptosis markers such as Sic7all and Gpx4 in lung
tissues of Prin3”+LPS mice were significantly higher than those in the WT+LPS group. In vitro experiments demon-
strated that RSL3-treated neutrophils exhibited dose-dependent increases in iron levels and lipid peroxidation prod-
ucts, including 4-HNE and MDA (P<0.05). ELISA, immunofiuorescence, and qRT-PCR analyses showed that Prin3
knockout inhibited RSL3-induced iron accumulation, significantly increased Gpx4 levels, and reduced lipid peroxida-
tion product content. RNA sequencing analysis revealed that the expression of genes associated with ROS metabolism,
inflammatory response, TNF signaling pathway, Toll-like receptor signaling pathway, NF-kappa B signaling pathway,
and severe inflammatory infections was significantly changed in the RSL3+Pr#n3” group. In conclusion, Prtn3 defi-
ciency reduces sepsis-induced ALI by inhibiting neutrophil ferroptosis. Targeting Prtn3 to suppress ferroptosis pres-
ents a novel and effective strategy for alleviating sepsis-induced ALI.

Keywords  proteinase 3; sepsis; acute lung injury; neutrophils; ferroptosis
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A: mouse survival rates were measured after inducing sepsis with intraperitoneal injection of 50 mg/kg LPS. I.P.: intraperitoneal injection. B: lung tissue sections

of mice with 50 mg/kg LPS administration in each group were stained with HE to observe lung histopathological changes; C: comparison of Smith score of lung

injury in each group of mice. ***P<(.001.

Bl Prin3fRZ3LPSEESHY/ N RS RERF/IT
Fig.1 Effect of Prtn3 deficiency on LPS-induced sepsis in mice
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A-D: detection of total protein, total cell count, proportion of neutrophils and lymphocytes in BALF of mice in each group. E,F: the expression of in-

flammatory factors (7nf-a, 1I-6) in lung tissues of mice in each group was detected by transcription level. *P<0.05, **P<0.01, ***P<0.001.
E2 Pren3B0ERZHNE T LPSIESHIRER R FI4AEZE T
Fig.2 Deficiency of Prtn3 inhibits LPS-induced inflammation and cell death
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Slc7all, Hepcidin) in mouse lung tissues was analyzed by qRT-PCR. *P<0.05, **P<(.01, ***P<0.001, "“P>0.05.
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Fig.3 Prtn3 regulates LPS-induced cell death through ferroptosis
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A: the apoptosis of neutrophils stimulated by different concentrations of RSL3 at 4 h was detected by flow cytometry. B: ROS levels in neutrophils after

stimulation with different concentrations of RSL3 for 16 h. C: CCK-8 assay was used to detect the cell viability of neutrophils after 16 h stimulation

with different concentrations of RSL3. D-F: total iron, 4-HNE, and MDA levels of neutrophils in each group. G-I: mRNA levels of ferroptosis markers
Slc7all, Gpx4 and Hepcidin in neutrophils in each group. *P<0.05, **P<0.01, ***P<(.001, “P>0.05.
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Fig.4 RSL3 induces ferroptosis in neutrophils
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Annexin V

A: RHIROSHA GO0, 7 pmol/L RSL3KIFH16 h/G WTM Preon3 A MR L WROS & fit . B~D: & 4 i Mo 24t g v S BRACE A
AN EE. By Fr KPR SIET AR ESIc7all . Gpxd mRNAKF-. G: HfZ 78 e Y th 5o WTH M Prin3 -4 (E0M7 pmol/L RSL3
Hl16 hiE TR T GPXAAMPRTNG & 113255 K-F o H: AT AKN10 pmol/L RSL3 R Hh i L 291 i 40 B 041 12155 1l b 4 i 250 5 B
A ARk . *P<0.05, *#P<0.01, ***P<0.001, “P>0.05.

A: ROS kit was used to detect the intracellular ROS content of neutrophils in the WT group and Prtn3™" group after 16 h stimulation with 0 and 7 pmol/L RSL3.
B-D: the contents of total iron and lipid peroxides in neutrophils of each group. E,F: mRNA levels of ferroptosis markers Slc7all and Gpx4 in neutrophils in each
group. G: immunofluorescence staining showed the expression levels of GPX4 and PRTN3 proteins in neutrophils of the WT group and Prtn3™ group stimulated
by 0 and 7 pmol/L RSL3 for 16 h. H: the apoptosis and number of neutrophils stimulated by 10 pmol/L RSL3 with time-dependent that was detected by flow cy-
tometry. *P<0.05, **P<0.01, ***P<0.001, "“P>0.05.
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Fig.5 Prtn3 deficiency inhibits RSL3-induced ferroptosis in neutrophils
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A: the intracellular ROS content of neutrophils in the WT group and Prtn3™ group after 16 h stimulation with 0 and 2 pmol/L Fer-1. B-D: the contents
of total iron and lipid peroxides in neutrophils of each group. E,F: mRNA levels of ferroptosis markers Slc7all and Gpx4 in neutrophils in each group.
G: immunofluorescence staining showed the expression levels of GPX4 and PRTN3 proteins after Fer-1 stimulation of neutrophils in the WT group and
Prtn3™ group for 16 h. *P<0.05, **P<0.01.
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Fig.6 Effect of Fer-1 combined with Prtn3 knockdown on ferroptosis in neutrophils
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A: the Venn diagram revealed the gene changes in neutrophils between the WT and Prtn3™ groups after a 16 h stimulation with 7 pmol/L RSL3. B:
volcanic maps showed differential genes in WT+RSL3 and Prtn3"+RSL3 groups of neutrophils. C: enrichment analysis revealed distinct potential
ferroptosis-regulatory mechanisms in neutrophils between WT+RSL3 and Prn3”+RSL3 groups.
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Fig.7 Potential molecular mechanisms by which Prtn3 deletion regulates ferroptosis
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