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Abstract

Antibiotic-resistant Serratia marcescens (Sm) is known to cause bloodstream infections,
pneumonia, etc. The nod-like receptor family, pyrin domain-containing 3 (NLRP3), has
been implicated in various lung infections. Yet, its role in Sm-induced pneumonia was not
well understood. In our study, we discovered that deletion of Nlrp3 in mice significantly
improved Sm-induced survival rates, reduced bacterial loads in the lungs, bronchoalveolar
lavage fluid (BALF), and bloodstream, and mitigated the severity of acute lung injury (ALI)
compared to wild-type (WT) mice. Mechanistically, we observed that 24 hours post-Sm
infection, NLRP3 inflammasome activation occurred, leading to gasdermin D NH2-

terminal (GSDMD-NT)-induced pyroptosis in macrophages and IL-1B secretion. The
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NLRP3 or NLRP3 inflammasome influenced the expression PD-L1 and PD-1, as well as
the count of PD-L1 or PD-1-expressing macrophages, alveolar macrophages, interstitial
macrophages, PD-L1-expressing neutrophils, and the count of macrophage receptors with
collagenous structure (MARCO)-expressing macrophages, particularly MARCO™ alveolar
macrophages. The frequency of MARCO" alveolar macrophages, PD-1 expression,
particularly PD-1" interstitial macrophages were negatively or positively correlated with
the Sm load, respectively. Additionally, IL-1p levels in BALF correlated with three features
of acute lung injury: histologic score, protein concentration and neutrophil count in BALF.
Consequently, our findings suggest that Nirp3 deletion offers protection agaisnt acute Sm
pneumonia in mice by inhibiting inflammasome activation and reducing Sm infection-
induced PD-L1/PD-1 or MARCO expression, particularly in macrophages. This highlights
potential therapeutic targets for Sm and other gram-negative bacteria-induced acute
pneumonia.

Keywords: Serratia marcescens; acute lung injury; NLRP3 inflammasome; PD-L1/PD-1;

pyroptosis; macrophage receptor with collagenous structure

1. Introduction

Serratia marcescens (Sm), a facultatively anaerobic, rod-shaped, gram-negative bacterium
within the Enterobacteriaceae family, has been identified as one of the antibiotic-resistant
priority pathogens by the World Health Organization in 2017 [1]. This pathogen is notably
prevalent in nosocomial infections, particularly affecting severely immunocompromised or
critically ill patients in intensive care units, especially in neonatal settings. The most
common site of Sm infection is the bloodstream, followed by the respiratory and the
gastrointestinal tracts, often exhibiting multi-resistance [1-3]. Gonzalez-Juarbe et al [4]
developed a murine model to stimulate Sm pneumonia, accurately reflecting the clinical
aspects of the human illness. The study underscored the crucial roles of neutrophils in the
host’s defense against this infection. Furthermore, the pore-forming toxin produced by Sm
was found to induce necroptosis in mouse lung epithelial cells, as well as in the in vitro
cultured alveolar macrophage cell line MHS and bone marrow-derived macrophage
(BMDM) [5, 6].

The nod-like receptor family, pyrin domain-containing 3 (NLRP3) inflammasome, is a
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key element of the innate immune system, acting as an innitial defense against pathogens.
It is composed of NLRP3, apoptosis-associated speck-like protein containing a carboxy-
terminal CARD (ASC), and caspase 1 (Caspl) or noncanonical caspase 11 (Caspl1). This
complex orchestrates the activation of Caspl and Caspll, triggering the secretion of
proinflammatory cytokines IL-1B/IL-18 and initiating pyroptosis via gasdermin D NH2-
terminal (GSDMD-NT) aggregation in the cell membrane in response to microbial
infection and cellular damage [7-9]. The function of NLRP3 during bacterial infection can
be dual, providing protection or causing harm due to excessive inflammation and cell death,
depending on the nature of the pathogen and host cell [7-10]. BMDM from Nlrp3 or ASC
knockout mice exhibited partial protection against Sm infection and exposure to
recombinant pneumolysin, a pore-forming toxin [4]. However, the full understanding of
NLRP3 in Sm-induced pneumonia remains elusive. Conducting in vivo studies using Nirp3
deletion mice are crucial to unravel the exact functions and mechanisms of NLRP3 in this
specific context.

Immune checkpoints, including programmed death ligand-1 (PD-L1) or its receptor
(PD-1), play a crucial regulatory role in modulating both innate and acquired immune
responses. The PD-L1/PD-1 pathway has been extensively studied in several bacterial
diseases and sepsis, with research spanning both preclinical and clinical studies [11-13].
PD-L1 is expressed by diverse cell types, notably macrophages and neutrophils. The
presence of PD-L1-expressing neutrophils and PD-1-positive macrophages has been linked
to a reduced bacteria burden [13-18]. Furthermore, multi-omics data analysis from the
TCGA database reveals a significant correlation between NLRP3 overexpression and
increased levels of PD-1 and PD-L1 across various cancers [19]. The inhibition of NLRP3
inflammasome activation using MCC950 has been shown to significantly reduce the
numbers of exhausted PD-1" T cells [20]. Additionally, NIrp3 deletion has been found to
alleviate neutrophil tumor infiltration, thereby markedly enhancing the effectiveness of
anti-PD-1 antibody immunotherapy [21]. Elevated IL-1p levels, resulting from NLRP3
inflammasome activation, have been correlate with increased PD-L1 and PD-1 expression,
which in turn impacts the prognosis of certain cancers [22-25]. These findings suggested
that NLRP3 and the NLRP3 inflammasome may regulate PD-L1/PD-1 pathway via IL-1p.

Our research explores the interrelationship between NLRP3, PD-L1/PD-1 expression
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including the frequency of PD-L1/PD-1 expressing cells, and immune responses during
acute Sm pneumonia. This investigation aims to lay the groundwork for identifying novel

therapeutic targets for multi-resistant Sm or even other gram-negative microbe infection.

2. Materials and methods
2.1. Cell line and reagents

The human type 2 alveolar epithelial cell line A549 was kindly provided by Prof Tao
Peng from the Sino-French Hoffmann Institute, and the mouse macrophage cell line
J774A.1 was generously shared by Zhong-Jin Yang from the College of Pharmacy at
Guangzhou Medical University. For our experiments, we utilized Caspase-Glo 1/11
Inflammasome Assay kits (G9951 and G9952) obtained from Promega. Various other
reagents were employed, including the Hematoxylin-eosin (HE) staining kit (Baso, BA-
4025), Bio-Plex Pro-Mouse Group I Cytokine 23-plex assay (M60009RDPD, Bio-Rad,
Hercules, California, USA), antibodies against mouse IL-1p (#12242, CST), GSDMD
(ab219800, Abcam, Cambridge, MA), PD-L1 (ab233482, Abcam, Cambridge, MA), PD-1
(#84651, CST) and GAPDH (ab181603, Abcam, Cambridge, MA). Additionally, Goat anti-
rabbit IgG (H+L), HRP conjugate (Proteinch, SA00001-2) was wused for
immunohistochemistry staining (IHC) and western blotting (WB). We also employed
Compound 4a (566914-00-9, MCE, USA), an IL-1 receptor antagonist (IL-1Ra) to
inhibit IL-10/1P receptor-mediated responses [26].
2.2. Mice, ethics statement, and treatment

NIrp3 knockout mice (NIrp3”) were acquired from Jackson Laboratory (JAX:
000664), USA. Wild-type C57BL/6 mice (WT) were sourced from Beijing Biotechnology
Co Ltd, China. We housed the mice in specific-pathogen-free (SPF) conditions and used
them at the age of 6-8 weeks. Each mouse received an intra-oropharyngeal inoculation with
a specific dose of Sm. All animal experiments were performed following the guidelines
and with the approval of the Institutional Animal Care and Use Committee at South China
Agricultural University (authorization no: 2019¢013).
2.3. Bacterial strain and growth conditions

The Sm strain isolated from Drosophila (Dbll) and the clinically isolated strain
RM26626 were both maintained by the Dominique Ferrandon/Zi Li's group at the Sino-



125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

155

French Hoffmann Institute of Guangzhou Medical University. Additionally, another
clinically isolated Sm strain was generously provided by Dan-Hong Su from the State Key
Lab of Respiratory Disease (SKLRD) at Guangzhou Medical University. For culturing, the
Sm strains were grown on Luria-Bertani (LB) agar plates, incubated overnight at 30°C. To
prepare the inocula, bacteria were diluted in sterile phosphate-buffered saline (PBS) to the
required concentration (50ul volume per inoculum). The count of colony-forming units
(cfu) present in each inoculum was verified at the time of infection through serial dilution
and plating on agar plates, followed by extrapolation based on the number of colonies.
2.4. Hematoxylin and eosin (H&E) staining and immunohistochemistry staining (IHC)

Paraffin-embedded lung tissue sections were utilized for IHC or H&E staining to
assess the extent of lung injury. The semi-quantification and histologic scores were
conducted based on established criteria [27, 28], with the scoring system detailed in Table
S1. We evaluated the expression levels and subcellular location of IL-1f, GSDMD-NT,
PD-L1, or PD-1 in the lung tissues of the designated mice using IHC. The images of these
tissues were captured using an optical microscope (Olympus, Japan). Their semi-
quantitative analysis was performed using Image J software and the results were presented
as H scores [29].
2.5. RNA isolation and quantitative PCR

Total RNA was extracted from fresh lung tissues using a Trizol reagent. Following the
manufacturer's instructions, cDNA synthesis was perfoumed and sebsequently amplified
by reverse transcription quantitative real-time PCR (RT-qPCR). The primer sequences
utilized in this study are listed in Table S2. The mRNA expression levels of individual
genes were normalized to GAPDH and calculated using the 2724 method for data analysis.
2.6. Analysis of BALF

After performing a tracheotomy, lungs were lavaged thrice with 0.5 mL of PBS each
time to collect BALF. The BALF was then centrifuged and resuspended in 0.5ml PBS. The
total cell count was determined using the Cellometer Slide Chamber (Nexcelom
Biosciences), and a single cell suspension was prepared for flow cytometry. Total protein
levels in the BALF were quantified using a BCA assay kit (Guangzhou Dingguo Biology).
The activities of Caspl and Caspll in the BALF supernatant were detected using the
Caspase-Glo 1 Inflammasome Assay kit. LDH in BALF (OD490) was measured according
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to the CytoTox96 non-radioactive cytotoxicity assay kit (G1780, Promega). Furthermore,
23 cytokines in the BALF supernatant, including 4 proinflammatory cytokines [IL-1a, IL-
1B, IL-6 and tumor necrosis factor o (TNF-a))], chemokines for granulocyte and monocyte
—[Eotaxin (CCL11), monocyte chemoattractant protein 1 (MCP-1), macrophage
inflammatory protein-(MIP)-1a, MIP-1B and Regulated on Activation, Normal T
Expressed and Secreted (RANTES, or CCLS5)], colony-stimulating cytokines [IL-3,
granulocyte colony-stimulating factor (G-CSF) and granulocyte-macrophage colony-
stimulating factor (GM-CSF)], and activatory and differentiating cytokines for innate
lymphoid cells or T cell subsets [IL-2, IL-12(p40), IL-12(p70), interferon-gamma (IFN-y),
IL-4, IL-5, KC, IL-9, IL-10, IL-13 and IL-17A], were analyzed using the Bio-Plex Pro-
Mouse Group I Cytokine 23-plex assay (M60009RDPD, Bio-Rad, Hercules, California,
USA) on a BioRad Bio-Plex 200 system, MAGPIX Multiplex Reader (Bio-Rad
Laboratories, Life Science Group 2000, Hercules, CA, USA).
2.7. Preparation of single-cell suspensions in mice lung or BALF

After anesthesia, peripheral blood was collected from the mice via retro-orbital
bleeding. Subsequently, sterile normal saline (NS) was injected into the left ventricle to
clear blood from the organs. Following the collection of BALF, mice lungs were excised,
finely separated using forceps, and then digested in a solution of 3mg/mL collagenase Type
IT (Gibico, 17101015) and 3mg/mL DNase I (Roche, 10104159001) for 1 hour at 37°C.
The digested lung cells and BALF cells were then passed through a 100um cell strainer.
Red blood cells in the single-cell suspensions from the lungs and BALF were lysed using
ammonium chloride (NH4CI) for 10 minutes. The resulting cell suspensions was treatd
with a Fc block antibody (BD, clone 2.4G2), followed by a 20-minute incubation with the
BV510 Fixable Viability Kit (65-0866-14, Biolegend). Finally, the cells were resuspended
in complete RPMI 1640 medium containing 10% fetal bovine serum (FBS) at a

concentration of 2-3 x 10° cells/ml.

2.8. Cell surface staining and flow cytometry analysis

The upper layer of the cell suspensions was used for cell surface marker staining ,
with specific antibodies detailed in Table S3. These stained cells were then analyzed
through flow cytometry (FACS) using a CytoFLEX system (Beckman Coulter), and the
data were processed with FlowJo software. In this analysis, neutrophils (Neu) were
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identified as CD45"CD11b"Ly6G", macrophages (MA) as CD45Ly6G F4/80*, monocytes
(Mon) as CD45"Ly6G CD11b*Ly6C™, alveolar macrophages (AM) as CD45"Ly6G F4/80*
CD11b", and interstitial macrophage (Int-MA) as CD45"Ly6GF4/80"CD11b".

2.9. Western blotting (WB)

Protein were extracted from the specified cell lysate using radio-immunoprecipitation
assay (RIPA) buffer. Equal amounts of these proteins were then seperated on 10% SDS-
polyacrylamide gels and subsequently transferred onto PVDF membranes. After incubation
with primary antibodies (GSDMD, GAPDH, PD-1, PD-L1) followed by secondary
antibodies, the target proteins were visualized using an enhanced chemiluminescence (ECL)
reagent, in accordance with the manufacturer’s protocol.

2.10.  RNA interference (RNAI) Assay

Small interfering RNA (siRNA) sequences targeting mouse GAPDH (siGAPDH),
NLRP3 (siNLRP3), GSDMD (siGSDMD), along with a negative control sequence (siNC),
were synthesized by Beijing Tsingke Biotech Co., Ltd. The sequence of 3 siRNAs of
NLRP3 was: 5’- GGATCTTTGCTGCGATCAA-3', 5’- CGTGAAGGTCCTACTAGAA-3',
5’- GCAGGTTCTACTCTATCAA-3', and siGSDMD was: 5’-
GTTCCTATTGTCAAGTCTA-3'.J774A.1 cells were transfected with these siRNAs using
ScreenFect siRNA (Cat no: 295-75003, FUJIFILM, Tokyo, Japan) for 36 h, following the
manufacturer's protocol. For siRNA transfection, cells treated with 66.67nM of either
siNLRP3, siGSDMD or siNC. Normal control group (NC), in contrast, were treated only
with ScreenFect siRNA reagents without any siRNA.

2.11.  Statistical analysis

Data are presented as means * standard error of the mean (SEM) or standard deviation
(SD). Comparative analyses were performed using a two-tailed Student's t-test or analysis
of variance (ANOVA). Kaplan—Meier curves and the log-rank test were employed to
analyze differences in overall survival between two groups. Descriptive statistics and

correlation analyses were performed with GraphPad Prism version 8.0.

3. Results
3.1. NLRP3 genetic deletion significantly improved mice survival and lowered bacterial

load.
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High doses (5 X 10"7cfu) of clinically isolated strains, including RM66262 and
SKLRD, resulted in 100% mouse mortality within 24 hours. In contrast, mice infected with
the strain isolated from Drosophila-Db11 infection experienced a lower mortality rate, with
death occurring within 63 hours (n=7, P<0.01) (Figure 1A). Therefore, Dbl exhibited
lower virulence compared to clinical isolates, making it also suitable for constructing a
mouse Sm pneumonia model. To assess the progression of Db/ pneumonia over time, we
tested LDH release in BALF at ODa49o using a CytoTox96 non-radioactive cytotoxicity
assay kit. BALF LDH was significantly increased at 12 hours (12 h) and 24 h post-Db11
infection, while no significant changes were observed at 3 h, 6 h, 2 days (2 d), 4 d, and 8 d
post-infection (Figure 1B). Consistently, H&E staining showed a gradual enlargement of
the area of immune cell infiltration from 3 to 24 h, followed by progressive recovery at 2,
4, and 8 d post-Db11 infection (Figure 1C).

To detect the role of NLRP3 in Sm-induced mice pneumonia, we utilized Nirp3
deletion mice. Deletion mice exhibited significantly higher survival percentage than WT
mice during lethal doses of Dbll (5.5x10"7cfu) infection (Figure 1D, P=0.042).
Additionally, Nlrp3”~ mice demonstrated significantly reduced bacteria loads in the lung,
BALF, and blood compared to WT mice after a sub-lethal dose of DbIl infection
(5x10"6cfu) for 24 hours (Figure 1E-1G).

3.2. Nlrp3 knockout alleviated the severity of acute lung injury induced by 24 h of Sm
infection.

To further assess the involvement of NLRP3 in acute Sm pneumonia, we tested
features of acute lung injury based on the criteria outlined in An Official American Thoracic
Society Workshop Report from 2011 and 2022 [27, 28]. The evidence of tissue injury was
evaluated by H&E staining and semi-quantified with a modified scoring system (Table S1).
Changes in the alveolar-capillary barrier were determined by quantifying BALF total
protein concentration using a BCA protein assay kit. The severity of the inflammatory
response was assessed by measuring cytokines or chemokines in BALF via Bio-Plex Pro-
Mouse Group I Cytokine 23-plex assay and counting neutrophils and inflammatory
macrophages in the lung or BALF using flow cytometry.

After 24h of Dbl infection, WT mice lungs exhibited a significantly elevated

histologic score, characterized by the presence of numerous neutrophils within alveoli and
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interstitial spaces compared to N/rp3”~ mice and non-infection mice (red arrows-
neutrophils, Figure 2A). The concentrations and heatmap of 23 cytokines' levels in BALF
were shown in Table S4 and Figure 3B, respectively. Among them, the levels of four pro-
inflammatory cytokines, namely IL-la, IL-1B, IL-6, and TNF-o were significantly
increased in Db11-infected WT mice compared to non-infected mice, while Nlrp3 deletion
significantly decreased these levels (Table S4, Figure 3B, 3C). Granulocyte and
monocyte/macrophage chemokines such as Eotaxin, KC, RANTES, and colony-
stimulating factors such as IL-3 and GM-CSF followed a similar trend as these four pro-
inflammatory cytokines. IL-12(p40) significantly increased during Sm infection and further
rose due to Nlrp3 deletion. MCP-1, MIP-1a, MIP-1B, G-CSF, and IL-4 were significantly
induced by Sm infection, whereas IL-2 and IFN-y levels decreased significantly. Compared
to infected WT mice, IL-13 was not induced by infection but significantly decreased by
Nlrp3 deletion (Table S4, Figure 3B).

The inflammatory response induces lung barrier damage, reflected in a heightened
BALF total protein concentration. In infected W7 mice, the BALF total protein level was
significantly elevated compared to non-infection, and Nlrp3 deletion mitigated this
increase (Figure 3D). In comparison to non-infection, the frequency of neutrophils (Neu)
of CD45" cells in the lung and BALF markedly increased due to Db/] infection, while
Nlrp3 deletion slightly but significantly decreased this frequency (Figure 3E, 3F). Briefly,
Db11 infection led to acute lung injury which was alleviated by Nirp3 deletion.

3.3. NLRP3 inflammasome in macrophage was activated during acute Db11 infection, and
Nlrp3 knockout recovered the count of macrophages and their subsets.

Given the absence of in vivo research on the implication of NLRP3 inflammasome in
acute Db11 infection, we checked the existence of the triggering signal of its activation-the
transcription level of Nilrp3, Caspl, Caspll, and 111b, 1118 in the lung of WT mice. In 3 h
of Dbll infection, they were induced but statistically insignificant due to high variation
among individual samples. However, at 12 h and 24 h of infection, Nirp3, Caspll, and Il1b
were significantly upregulated, while Casp! was significantly elevated only at 12 h, not at
24 h, and /18 remained insignificant (Figure 3A). These suggest that IL-1f but not IL-18
as the inflammasome activation marker, is involved in acute Db// pneumonia. Caspl

activity in BALF significantly decreased at 3 h of Db 11 infection (P<0.05) but significantly
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increased at 12 h and 24 h (P<0.05). Caspl1 activity in BALF significantly increased at 3
and 12 h of infection (P<0.05) and slightly increased at 24 h (Figure 3B). Through IHC
staining, we found that IL-1B was predominantly located in cells around the alveoli and
infiltrating immune cells around the bronchial (Figure 3C, blue arrow). Hence, the NLRP3
inflammasome was significantly activated at 12 h and 24 h of acute Db 11 infection-induced
mice pneumonia.

High level of GSDMD cleavage or aggregated GSDMD-NT-induced cell pyroptosis
and IL-1P because of Caspl and Caspll activation marked as NLRP3 inflammasome
activation. Gonzdez-Juarbe et al. [6] reported that F4/80" cells around alveoli disappeared
strikingly during 48h of Sm infection-induced pneumonia, and NLRP3 was involved in Sm
infection-induced necroptosis of alveolar macrophage cell line MHS and BMDM. Herein,
the cleavage band of the full length of GSDMD (GSDMD-FL) into GSDMD-NT in in vitro
culturing type 2 alveolar epithelial cell line A549 was not detectable (Figure 3D, left) but
was shown in mouse macrophage line J774A.1 with 12 h and 24 h of Sm infection (Figure
3D, right) by WB. IL-1B level in BALF was increased during Sm infection and was
decreased because of Nlrp3 deletion, as shown in Figure 2B, 2C. The activity of Caspl
showed the same tendency as IL-1B (Figure 3E). Furthermore, GSDMD was significantly
downregulated in Sm-infected Nlrp3”~ mice lungs compared to WT mice. In Sm-infected
WT mice's lungs, GSDMD is located in the infiltrated immune cells (Figure 3F). Dbl
infection significantly increased the frequency of interstitial macrophages (Int-MA) while
significantly decreasing the count of macrophages (MA), especially alveolar macrophages
(AM), compared to Nlrp3” mice and non-infection mice (Figure 3G). Through correlation
analysis, the level of lung GSDMD, BALF IL-1PB level had a significant negative
correlation with the frequency of lung MA and AM, while they had a significant positive
correlation with lung Int-MA (Figure 3H-3J). Therefore, 24 h of Db11 infection triggered
NLRP3 inflammasome activation in macrophages and then GSDMD-NT-induced
pyroptosis of alveolar macrophages and IL-1 secretion.

3.4. Inhibition of NLRP3 inflammasome activation decreased the expression of PD-1 and
PD-L1, and the count of PD-LI1 and PD-1 positive macrophages during 24 h of Db11
infection.

The PD-L1/PD-1 pathway has been addressed in various bacterial diseases and sepsis

10
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[11-13]. NLRP3 inflammasome activation has been associated with poor prognosis in some
cancers due to its correlation with high PD-L1 and PD-1 expression [22-25]. Through IHC
staining and semi-quantifying analysis, we found that Nlrp3 deletion significantly
decreased the expression levels of PD-L1 and PD-1 in the lungs of Sm-infected mice
(Figure 4A and 4B), a finding further confirmed by flow cytometry. Nlrp3 deletion
significantly lowered the frequency of PD-1" cells and PD-L1" cells of live cells in the lung
during Db11 infection (Figure 4C and 4D).

In vitro, using the J77A.1 macrophage cell line, we investigated the interplay between
NLRP3, GSDMD-NT, and IL-1f (indicators of NLRP3 inflammasome activation) and PD-
L1 and PD-1 during a 6-hour Db infection. Among three siRNAs targeting NLRP3,
siRNA nol and no3 demonstrated greater efficacy in reducing NLRP3 expression. In
response to Db 11 infection, we observed an increase in the expression of NLRP3 and PD-
1, while PD-L1 was slightly increased (Figure 5SA-5C). Moreover, the expression levels of
PD-1 were suppressed following transfection with NLRP3 and GSDMD siRNA (Figure
5A, 5B) and by pre-treatment with IL-1Ra, while PD-L1 expression was suppressed by
siGSDMD and IL-1Ra but not siNLRP3 (Figure 5C). In vivo, through flow cytometry, we
found a significant increase in the frequency of PD-L1" macrophages (PD-L1"MA) and
PD-L1" interstitial macrophages (PD-L1"Int-MA) in the total macrophage population n
Dbl1l-infected WT mice, compared to non-infected controls (Figure 5D, 5E). This increase
was also notable in corresponding PD-1" macrophage subpopulations (Figure 5F, 5G).
Intriguingly, NLRP3 genetic deletion markedly reduced the percentages of these Dbll-
induced macrophage populations (Figure 5D-5G). While DbIl infection didn't
significantly alter the frequency of PD-L1" and PD-1" alveolar macrophages (PD-1"AM)
within total MA in WT mice, NLRP3 genetic deletion led to a significant increase in the
percentages of PD-1"AM within total MA (Figure 5E, 5G).

In Dbll-infected WT mice, we noted a significant rise in the frequency of PD-L1"
neutrophils (PD-L1"Neu) and PD1" neutrophils (PD1"Neu) among the total neutrophil
population, in comparison to non-infected controls. This was discernible in the
significantly lower percentage of PD-L1"Neu within the total neutrophil population after
NLRP3 genetic deletion (Figures S1A, S1B). Given the crucial role of resident memory T

cells in barrier immunity, as well as regulatory T cells (Treg) and yoT cells in the innate

11
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immune response, we proceeded to analyze alterations in these T cell subsets and their PD-
1 expression during Nlrp3 knockout and after a 24-hour Db11 infection. We discovered
that Db11 infection substantially increased the numbers of CD4" T cells (Th), Foxp3* T
cells (Treg), and yOTCR" T cells (y8T), but not CD8" T cells (cytotoxic T lymphocyte,
CTL). Post Nirp3 knockout, we observed a significant increase in the counts of CTL while
decrease in Treg cells, while the numbers of Th and ydT cells remained relatively
unchanged (Figure S2B). Additionally, the frequency of PD-1 expression in Th, Treg, and
vOT cells out of their respective parent T cell populations was elevated by a 24-hour Db11
infection. Conversely, PD-1 expression in Th, CTL, or Treg cells showed a significant
decline following Nirp3 deletion (Figure S2C).

In summary, NLRP3 genetic knockout significantly reduced PD-L1 expression in
macrophages, neutrophils or Treg cells, as well as PD-1 expression in macrophages, Th,
CTL and Treg cells. Our findings suggested that NLRP3 modulated PD-1 and PD-LI
expression in macrophages through inflammasome activation-triggered GSDMD-NT and
IL-1p production during Db 1 infection.

3.5. NLRP3-controlled acute Sm pneumonia was correlated with the frequency of PD-1
expression or MARCO in MA, and with IL-1[ levels in the lung.

Neutrophils play a crucial role in Sm clearance [4]. In our study, despite the higher
frequencies of Neu and Int-MA in WT mice compared to Nlrp3” mice (Figure 2E, 3G), the
bacterial load in the lung of WT mice was higher than Nirp3”~. Moreover, there was no
significant correlation between Sm load and the count of neutrophils in the lung and in
BALF (Figure S3A), as well as the count of MA or their subsets (Figure S3B) or T cell
subsets (Figure S3C) in the lung. PD-L1" and PD-1" neutrophils and macrophages,
monocytes have been linked to infection susceptibility [11-18, 30]. Hence, we analyzed the
correlation of PD-1, PD-L1 and the frequency of these molecules in cell populations with
Sm load. As shown in Figure 6A, 6B, only the frequency of PD-17 cells of live cells, PD-1
expressing MA and Int-MA of MA were positively correlated with lung Sm load (R*>>0.5,
P<0.05). No significant correlation was found with the count of PD-L1" cells (Figure S4A),
PD-L1" MA and their subsets (Figure S4B), PD-1"AM (Figure 6B, middle panel), PD-1 or
PD-L1" neutrophils (Figure S4C), and PD-1 expressing T cell subsets (Figure S4E).

MARCO belongs to the class A scavenger receptor molecules, playing a crucial role
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in eliminating microbes through un-opsonised binding and activating phagocytosis [31, 32].
Autoantibodies against MARCO in macrophages in eosinophilic asthma airways have been
shown to impede effective host defenses against bacterial infection [33]. Our results
revealed that in the BALF of Nlrp3 deleted mice with DbII infection, there was a
significantly higher frequency of MARCO™ macrophage, predominantly MARCOAM in
macrophages, compared to infected W7 mice (Figure 6C-6E). Correlation analysis
demonstrated a strong negative correlation between the frequency of both MARCO'MA
and MARCO'AM with bacterial load in BALF (Figure 6F). Thus, the reduced PD-1
expression in lung macrophages and the induced MARCO on the surface of lung
macrophages, especially alveolar macrophages, might explain the lower bacterial load in
Nirp3 deleted mice lungs. The mechanisms through which NLRP3 affects PD-1 and
MARCO expression warrant further investigation.

Additionally, BALF IL-1p level (Figure 6G) but not Casp1 activity in BALF (Figure
S5A) or GSDMD expression levels in the lung (Figure S5B) significantly correlated with
three features of acute lung injury, including histologic score, protein concentration in
BALF, and the amount of neutrophils in BALF. BALF IL-1B level also significantly
correlated with the frequency of MARCO'MA in MA (Figure 6H). PD-1 or PD-L1
expression or their expression in macrophages or their subsets showed no significant
correlation with the frequency of MARCOAM in MA (Figure S6). Therefore, acute Db11
infection induced acute lung injury and subsequent pyroptosis of macrophages, especially
alveolar macrophages, through NLRP3 inflammasome activation. In the lungs of Sm
infected Nlrp3 "~ mice, with inhibited NLRP3 inflammasome activation, the AM count was
restored, and acute lung injury was alleviated.

4. Discussion

This study reveals that acute Sm infection triggers NLRP3 inflammasome activation,
leading to acute lung injury and an increased bacterial load in the lung and bloodstream. A
key discovery is that Nlrp3 deletion, in comparison to WT mice, provides protection against
acute Sm pneumonia, as evidenced by a significantly reduced severity of acute lung injury,
diminished levels of various inflammatory cytokines/chemokines, and a decreased
bacterial load. The mechanism behind this protection involves the suppression of PD-1 and

PD-L1 expression during acute Sm infection due to Nlrp3 deletion. Notably, there is a
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significantly reduction in PD-L1" cells (MA, Int-MA, Neu), and PD-1" MA, Int-MA in the
lungs of Nirp3”~ mice infected with Sm for 24 hours. Conversely, there is an increasing in
MARCO" macrophages in BALF compared to infected WT mice. This increase in
MARCO" macrophages (alveolar macrophages) in BALF, along with lower PD-1"
expression or PD-1" macrophages (interstitial macrophages) in the lung, correlates with
decreased Sm load or enhanced Sm clearance. In addition, the study finds a significant
correlation between GSDMD levels in the lung with macrophage counts, including AM
and Int-MA. BALF IL-1p levels correlate strongly with features of acute lung injury and
with MARCO'MA.. Furthermore, interfering with GSDMD transcription or inhibiting IL-
1 signaling in Sm-infected macrophage reduces PD-L1 and PD-1 expression. Thus, Nlrp3
deletion shields against acute Sm pneumonia by inhibiting NLRP3 inflammasome
activation, which lowers GSDMD and IL-1 levels. This leads to reduced PD-L1 and PD-
1 expression, especially in macrophages. This investigation is groundbreaking the role of
NLRP3, NLRP3 inflammasome, PD-L1 and PD-L1 expression, particularly in
macrophages, and the involvement of MARCO™ macrophages in combating Sm pneumonia.

Canonical NLRP3 inflammasome activation in response to gram-negative bacteria
infection comprises two signals: Signal 1, initiated by LPS (released from the bacterial cell
wall) /TLR4, triggers NF-kB signaling. Signal 2 involves pore-forming toxin-mediated
Ca”" influx and K efflux, exemplified by nigericin. LPS and pore-forming toxin from Sm
potentially trigger and activate NLRP3 inflammasome. According to the results from
Gonzalez-Juarbe N et al. [6], F4/80" alveolar macrophages around alveoli in BALB/C mice
with 48 h post-Sm infection nearly completely disappeared through immunofluorescence
staining. Necroptosis was identified as the major cell death pathway in in vitro cultured
alveolar macrophage cell line MHS and BMDM during Sm infection or recombinant pore-
forming toxin stimulation. BMDM from Nlrp3”~ mice exhibited a protective trend against
Sm infection. Our results also indicated the protective role of NLRP3 against Sm infection
using Nlrp3”~ mice. After confirming the induction of GSDMD-NT in J774A.1 cells during
acute Sm infection, we found a lowered expression level of GSDMD-NT within Nlrp3™-
mice lung during Sm infection. Therefore, Both NLPR3-regulated GSDMD-mediated
pyroptosis and p-MLKL-mediated necroptosis might contribute the death of alveolar

macrophages and influence the severity of Sm pneumonia.
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PD-1" neutrophils, macrophages, and monocytes have been associated with increased
susceptibility to infection [11-18, 30]. PD1" tumor-associated macrophages exhibit reduced
phagocytosis [34] and PD-1-mediated anti-inflammatory M2 macrophage polarization [35].
Ding et al. demonstrated that NLRP3 overexpression promotes immune escape in cancers
by upregulating immune checkpoints, including PD-L1 and PD-1 [19]. IL-1B has been
correlated with poor prognosis and PD-1 expression in patients with lung adenocarcinoma
[22]. A high concentration of IL-1p has the potential to induce PD-L1 expression [12, 14,
22, 36]. NF-«B directly induces transcription of the PD-L1 gene by binding to its promoter
or indirectly regulates PD-L1 expression post-transcriptionally in cancer [37]. LPS/TLR4
signaling, IL-1B/IL-1p receptor signaling might activate the NF-xB pathway since LPS,
given that LPS from Sm's cell wall could be released due to the immune response, and IL-
1B concentration was significantly elevated in the BLAF of Sm-infected mice. High
concentration of IL-6, TNF-a, IL-2, IL-4, IL-10, IL-12, IFN-y, IL-17, TGF-$ and GM-CSF
have been reported to induce PD-L1 expression [12, 14, 22, 36]. Sm induced significantly
high concentrations of IL-1p, IL-6, IL-12(p40), TNF-a and GM-CSF in the BALF of WT
mice. In contrast, in the BALF of Sm infected Nlrp3” mice, the concentrations of IL-1p,
IL-4, IL-6, TNF-0, and GM-CSF decreased, while IL-12(p40) significantly increased.
Therefore, IL-1p itself or through the regulation of IL-6, GM-CSF might contribute to the
frequency of PD-L1 and PD-1 expressing macrophages in the lungs of Sm-infected WT or
Nirp3”~ mice within 24 hours. Moreover, we demonstrated that GSDMD-NT production
plays a role in controlling PD-L1 and PD-1 expression in macrophages.

MARCO plays a crucial role in microbial clearance through un-opsonized binding
and activating phagocytosis [31, 32]. Deletion of Ni/rp3 provides protection against
polymicrobial sepsis and enhances MARCO expression in peritoneal cells [38]. We
consistently observed an induction of MARCO™ macrophages (alveolar macrophages) in
the BALF of Nlrp3 deletion mice during 24 h of Sm infection, and its frequency positively
correlated with Sm clearance. In the absence of MARCO, alveolar macrophages exhibit a
greater NLRP3 inflammasome activation and increased susceptibility to silica [39]. The
relationship between MARCO and NLRP3 may constitute a reverse feedback loop. Since
Sm load was correlated with PD-1 and MARCO expression in different macrophage

subsets (interstitial macrophage and alveolar macrophage, respectively) during NLRP3
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knockout.
Ding L et al. concluded that targeting MARCO™ tumor-associated macrophages can
significantly improve anti-PD-L1 resistance in liver cancer [40]. Therefore, PD-1 and
MARCO expression macrophages might play parallel roles in Sm clearance. The specific
molecular mechanisms by which NLRP3 or the NLRP3 inflammasome regulate the
expression of PD-L1, PD-1 or MARCO remain to be further elucidated. Additionally, the
work of Gonzalez-Juarbe et al. has highlighted the crucial role of neutrophils in clearing
Sm, as evidenced by the administration of Ly6G antibody in mice (n=8 or 9) [4]. In line
with this, our findings suggest a nearly significant correlation between the Sm load and
several cellular counts. Specifically, there is a notable correlation with count of neutrophils
in the lungs (R?=0.55, P=0.057) or in the BALF (R?>=0.41, P=0.065), as well as with the
count of Treg cells (R?>=0.32, P=0.086) and PD-1" Treg cells (R?>=0.31, P=0.098). It is
conceivable that increasing the sample size, which was 7 or 8 mice in our study, might lead
to these correlations achieving statistical significance.

On the other hand, we concluded that acute lung injury in mice was induced after 24
h of Sm infection, and the severity of this injury was significantly reduced with Nlrp3
deletion. This finding aligns with reported studies indicating the involvement of NLRP3 or
NLRP3 inflammasome in acute lung injury induced by LPS, COVID-19 infection, and
pseudomonas aeruginosa infection [41-46]. Therefore, targeting NLRP3 and NLRP3
inflammasome could be a promising therapeutic approach for various causative factors in
acute lung injury or pneumonia.
5. Conclusions

The deletion of Nlrp3 markedly ameliorated acute pneumonia triggered by Sm
infection within 24 hours. This reduction in severity was attribute to the suppression of
NLRP3 inflammasome activation. This suppression led to a decrease in inflammatory
cytokines and a restoration of macrophage populations, particularly in alveolar
macrophages, due to reduced GSDMD-NT-induced pyroptosis of these cells. Additionally,
the decreased expression of PD-1 in interstitial macrophages, combined with an increase
in MARCO expression on alveolar macrophages, significantly enhanced the host's
bacterial clearance. Both IL-1p and GSDMD were crucial in modulating PD-1 and PD-L1

expression in macrophages during Sm infection, with IL-1 also closely associated with
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the severity of acute lung injury and the prevalence of MARCO"AM. Therefore, targeting
elements such as NLRP3, the NLRP3 inflammasome, IL-13, GSDMD, PD-1, and PD-L1,
particularly NLRP3, may offer promising therapeutic approaches for treating multidrug-

resistant Sm pneumonia and other microbial pneumonias.

Supplementary Materials: Table S1: Lung injury scoring system (H&E staining). Table
S2: Primer pairs’ sequences of mice genes used in RT-qPCR. Table S3: Anti-mouse
antibodies used for flow cytometry. Table S4: The levels of 23 cytokines in BALF of mice
from indicated groups. Figure S1: Detection of PD-L1 or PD-1 expression in neutrophils
within the lungs of both Nirp3”- and WT mice after Sm infection using flow cytometry for
analysis. Figure S2: The frequency of various T cell subsets or PD-1 expression within this
subsets in the lungs of Nirp3”~ mice and WT mice, both with or without Sm infection, as
determined by by flow cytometry. Figure S3: The correlations between neutrophils or
macrophage populations with bacterial load during acute Sm pneumonia. Figure S4: The
relationships between the frequency of PD-L1" cells in their respective parent populations,
and PD-1" neutrophils or T cell subset in the lungs with lung bacterial load. Figure S5: The
correlations between Caspl activity or GSDMD expression levels with three features of
acute lung injury. Figure S6: The correlations between the frequency of PD-L1, PD-1

expression cell population and MARCO"MA.
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Highlights

® Acute Sm infection activated NLRP3 inflammasome and induced pyroptosis of

macrophages, including alveolar macrophages.

® The expression of PD-1 and PD-L1, and the count of PD-1* or PD-L1", or MARCO"
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697

macrophages or PD-L1 neutrophils in the lung with acute Sm infection were controlled

by NLRP3.

® Bacterial load and acute lung injury in the mice with acute Sm pneumonia were
significantly correlated with the frequency of MARCO™ or PD-1" macrophages and
IL-1P level, respectively.
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Figure 1. NLRP3 genetic deletion improved mice survival and lowered bacterial load. (A)
Survival rate of 5x10"7cfu of clinically isolated Sm strains, including RM66262 (n=7) and
SKLRD (n=7) and the strain Db11 (n=7) isolated from infecting Drosophila. (B) LDH level
in BALF of mice (n=5-6) with different time courses of Db/ infection based on OD4so
was measured using a CytoTox96 non-radioactive cytotoxicity assay kit, and (+) meant
positive control. (C) Typical photograph of lung whole sections under H&E staining (n=5-
6). (D) Survival rate of WT (n=7), Nlrp3”(n=8) mice with 5x10"7 cfu of DbI] infection.
(E-G) Bacterial load in the lung (n=3), BALF (n=5) and bloodstream (n=5-6) of WT or
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698  NIrp3” mice with 5x1076 cfu of Db1] infection. Data were expressed as the mean £SD of
699 indicated numbers of mice from different groups (Kaplan—Meier curves and the log-rank
700  test-Survival or Student’s ¢-test, the statistic P-value was marked into the figures, * P<0.05,
701 *** P<0.001 and **** P<0.0001).
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photograph of lung sections and the histologic score according to reported criteria from
indicated mice (n=3-6) under H&E staining (macrophages or monocytes, blue arrows;
neutrophils, red arrows). (B) Heatmap of 23 cytokines & chemokines level in BALF from
indicated mice. (C) The concentration of IL-la, IL-1B, IL-6, and TNF-a in BALF of
indicated mice. (D) Concentration of total protein in BALF from indicated mice. Cells in
the lung or BALF from non-infected and Db1!-infected WT or Nlrp3™- mice were harvested,
and single cells were isolated and stained with dead-BV510, CD45, CD11b and Ly6G
antibodies. Neu the lung (E) or in the BALF (F) were analyzed by flow cytometry and
FlowlJo software, representative gated cell populations, and their quantification was shown.
Data were expressed as the mean +SD of indicated numbers of mice from different groups
(WT mice without DbII infection or Db1I(-)/WT, n=4; Nlrp3’ mice without Dbll
infection or DbII1(-)/Nlrp3™", n=3; Dbll 24h/WT, n=5; Dbll 24h/Nlrp3”, n=4-5 )
(Student’s #-test, Significant differences are indicated by * P < 0.05, ** P< 0.01, *** P<
0.001 and **** P<(.0001).
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720

721 Figure 3. NLRP3 inflammasome in the macrophage was activated when acute Dbl]
722 infection, and Nirp3 knockout recovered the count of alveolar macrophages but decreased
723 the count of interstitial macrophages in the lung. (A) RT-qPCR was used to detect the
724  transcription level of Nlrp3, Caspl, Caspll and I11b, Il18 in the WT mice lung with or
725  without 5x1076 cfu DbI1 infection (n=4-6). (B) Caspase-Glo 1/11 Inflammasome Assay
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kit was used to detect the activity of Caspl and Caspll in BALF of WT mice with or
without 5x1076 cfu Db11 infection (n=4-11). (C) IHC was used to detect the expression
level and localization of IL-1f (blue arrow) in the lung of mice with or without 5x10"6 cfu
Db11 infection (n=4-6). (D) WB was used for GSDMD-FL and GSDMD-NT detection for
A549 and murine MA J744A.1 with 5 multiplicity of infection (MOI) in indicated time
courses. (E) Caspl activity in BALF from indicated mice was detected by ELISA (n=3-4).
(F) Expression level and localization of GSDMD in the lung of indicated mice (Db11(-)/ WT,
n=4; Db11(-)/Nlrp3”-, n=3; Db11 24h/WT, n=5; Db11 24h/Nlrp3™", n=4-5) was determined
by IHC. Representative photographs (left) and semi-quantitative H score (right) were
shown. (G) Lungs from non-infected and 24h of Db1l-infected WT or Nirp3”~ mice (n=3-
6) were harvested and single cells were prepared. These single cells were stained with dead-
BV510, CD45, CD11b, Ly6G and F4/80 antibodies. CD45 Ly6GF4/80" cells (MA) and
its subpopulation CD45"Ly6GF4/80" CDI11b  cells (alveolar macrophage, AM),
CD45"Ly6GF4/80" CD11b" cells (interstitial macrophage, Int-MA) were analyzed by flow
cytometry and FlowJo software, representative gated cell populations (left) and their
quantification (right) were shown. (H-J) Correlation of the frequency of lung MA of Ly6G~
cells, lung AM or Int-MA of MA with lung GSDMD expression level (H score of GSDMD)

or with IL-1§ level in the BALF was analyzed by Pearson’s correlation test and presented

as R? and P. Data were expressed as the mean +SD of indicated numbers of mice from
different groups (Db11(-)/WT, n=4; Db1I1(-)/Nlrp3™, n=3; Dbll 24h/WT, n=5; Dbll
24h/NIrp37, n=4-5) (Student’s t-test). Statistic P-value was marked into the figures, *
P<0.05; ** P<0.01 and **** P<(.0001).
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Figure 4. Inhibition of NLRP3 inflammasome decreased the expression of PD-1 and PD-
L1 when acute Db11 infection. (A) Effective siRNA of GSDMD was verified through WB,
and siGAPDH was the quality control for the siRNA transfection kit (Left). WB was used
to detect the expression level of PD-1 & PD-L1 in J744A.1 with or without siGSDMD
transfection and then 5 MOI of Db infection for 6 h, and non-infection as the control
(right). (B) WB was used to detect the expression level of PD-1 & PD-L1 in J744A.1 with
or without IL-1RA pretreatment for 30 min and then 5 MOI of Db/ infection for 6h, and
non-infection as the control. GAPDH worked as a loading control, and folds were
calculated according to the Image J software analysis. (C-D) Expression level and
localization of PD-L1 and PD-1 in the lung of indicated mice were determined by IHC.

Representative photographs (C) and semi-quantitative H score (D) were shown. (E-F)
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Single cells in the lung were stained with anti-PD-L1 and PD-1, and detected by flow
cytometry. According to FlowJo software analysis, the frequency of PD-L1" and PD-1"
cells of live cells in the lung were shown as representative populations (E) and quantitative
frequency (F). Data were expressed as the mean +SD of indicated numbers of mice from
different groups (Db11(-)/WT, n=4; Db11(-)/Nlrp3", n=4; Dbll 24h/WT, n=5; Dbll
24h/Nirp3”-, n=5) (Student’s t-test, statistic P-value was marked into the figures, * P<0.05;

**P<0.01 and ****P<0.0001).
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Figure 5. PD-L1%, PD-1" macrophages and PD-LI" neutrophils were significantly
decreased in the lung of Sm-infected Nirp3”~ mice compared to WT mice.

(A-F) Single cells in the lung were stained with anti-PD-L1, PD-1, CD45, CD11b, Ly6G
and anti-F4/80 and then were detected by flow cytometry. According to FlowJo software
analysis, the frequency of PD-L1'CD45Ly6GF4/80" (PD-L1'MA) in CD45"Ly6G
F4/80° (MA) cells, PD-L1"CD45'Ly6GF4/80'CD11b~ (PD-L1* AM) in MA, or PD-
L1"CD45 Ly6GF4/80" CD11b" (PD-L1" Int-MA) in MA were shown as representative
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populations (A) and quantitative frequency (B). The frequency of PD-1"MA in MA, PD-
1" AM in PD-1"MA, or PD-1" Int-MA in PD-1"MA were shown as representative
populations (C) and quantitative frequency (D). (E-F) Single cells in the lung were stained
with anti-PD-L1, PD-1, CD45, CD11b and anti-Ly6G and then were detected by flow
cytometry. According to FlowJo software analysis, the frequency of PD-
L1"CD45°CD11b"Ly6G"(PD-L1"Neu) in CD45'CD11b"Ly6G" (Neu), PD-1"Neu in Neu
were shown as representative populations (E) and quantitative frequency (F). Data were
expressed as the mean £SD of indicated numbers of mice from different groups
(Db11(-)/WT, n=4; Db11(-)/Nlrp3™, n=3; Db11 24h/WT, n=5; Db1l 24h/Nlrp3™-, n=4-5)
(Student’s t-test, statistic P-value was marked into the figures, ** P<0.01; *** P<(0.001

and **** P<0.0001).
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Figure 6. NLRP3-controlled acute Sm pneumonia was correlated with the frequency of
MARCO" MA and PD-1 expression level especially the count of PD-1 expressing alveolar
macrophages. (A-C) Single cells in the BALF were stained with anti-CD45, CD11b, Ly6G,
F4/80 and anti-MARCO, and then were detected by flow cytometry. According to FlowJo
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software analysis, the frequency of CD45'Ly6GF4/80'MARCO" (MARCO'MA) in
CD45"Ly6GF4/80" cells (MA) (A), the frequency of CD45Ly6GF4/80° CDI11b
MARCO" (MARCOAM) in MA (B) were shown as representative populations (A,B) and
quantitative frequency (C). Correlation of the frequency of MARCO'MA and
MARCO"AM of MA in BALF (D), PD-1" of live, PD-1"MA, PD-1"Int-MA of MA in the
lung (E) with lung bacterial load were shown. Correlation of histologic score, BALF
protein concentration or BALF Neu frequency of CD45" cells (G), or correlation of

frequency of MARCO"MA of MA with IL-1B level in the BALF were shown. Pearson’s

correlation test was used and data were presented as R%, and P. Data were expressed as the
mean +SD of indicated numbers of mice from different groups (DblI(-)/WT, n=4;
Db11(-)/Nlrp3™, n=3; Dbll 24h/WT, n=5; Dbl 24h/Nlrp3", n=4-5) (Student’s t-test).

Statistic P-value was marked into the figures, * P<0.05).
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Graphical abstract

Nlrp3 deletion protected against Sm infection-induced acute pneumonia.
24 h of Db11 infection in WT mice induced severe acute pneumonia, manifesting as acute
lung injury and high bacterial proliferation through NLRP3 inflammasome activation and
then GSDMD-NT-induced pyroptosis of alveolar macrophages and IL-1B secretion.
Mechanistically, PD-L1 & PD-1 expression, the count of PD-L1 & PD-1 expressing
macrophages, alveolar macrophages, interstitial macrophages, or PD-L1 expressing

neutrophils, and the count of MARCO" macrophages especially MARCO" alveolar
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816  macrophages were controlled by NLRP3 or NLRP3 inflammasome. Note: Arrows with
817  solid lines made sure in this project; arrows with dash lines reported by references or

818  correlation analysis.
819
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