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Background: Pneumonia is an inflammatory disease characterized by infection in the lung tissue. Transmembrane Protease
Serine 2 (TMPRSS2) is implicated in the onset of inflammatory conditions. However, the precise role of TMPRSS2 in regulating
the inflammatory response during pneumonia remains unclear. Hence, this research aims to explore the involvement of TMPRSS2
in pediatric pneumonia and unravel the associated mechanisms.

Methods: To induce pneumonia, lipopolysaccharide (LPS) was injected into the lungs of mice, establishing a mouse model of
pneumonia. RAW264.7 cells served as an in vitro model for macrophages and underwent a 4-hour LPS stimulation. The ex-
pression pattern of TMPRSS2 in the pneumonia model was determined through quantitative reverse transcription polymerase
chain reaction (QRT-PCR) and western blotting. TMPRSS2’s impacts on the inflammatory response, lung tissue damage, oxida-
tive stress levels, mitochondrial permeability, and nucleotide-binding oligomerization domain-like receptor protein 3 (NLRP3)
expression in pneumonia were assessed through Enzyme-Linked Immunosorbent Assay (ELISA), hematoxylin and eosin (HE)
staining, qRT-PCR, and cellular immunofluorescence experiments. The effects of TMPRSS2 knockdown and overexpression on
the expression of NLRP3 and Sirtuin 1 (SIRT1) were also investigated using western blotting.

Results: The expression of TMPRSS2 mRNA and protein was significantly upregulated in mouse lung tissues upon LPS treat-
ment. TMPRSS2 was found to enhance inflammation and lung damage in mice with pneumonia. Conversely, suppressing TM-
PRSS2 expression alleviated inflammation and lung damage in mice with pneumonia. Additionally, overexpressing TMPRSS2
intensified the inflammatory response in LPS-stimulated RAW264.7 cells, whereas silencing TMPRSS2 attenuated inflammation.
‘We further demonstrated that TMPRSS2 influences the development of pneumonia by inhibiting SIRT1 expression and inducing
NLRP3 activity.

Conclusions: Our study suggests that TMPRSS2 promotes the inflammatory progression of pneumonia, and modulates the
expression of NLRP3 inflammasome and SIRT1.
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Introduction table presence in the respiratory epithelium [7]. Its over-
expression has been correlated with heightened severity
in respiratory infections, prompting investigations into its
broader functionalities beyond viral interactions [8]. While
the NLRP3 inflammasome, a multiprotein complex, has
been implicated in instigating inflammatory responses in
diverse pathological conditions [9], including respiratory
diseases, the regulatory mechanisms linking TMPRSS2 to
NLRP3 activation and subsequent inflammation remain

largely unexplored [10].

Respiratory infections, particularly pneumonia, con-
tinue to present challenges to global public health [1,2].
A comprehensive understanding of the intricate molecu-
lar mechanisms governing the progression of inflamma-
tory responses in the lungs is imperative for the develop-
ment of targeted therapeutic interventions [3,4]. In recent
years, Transmembrane Protease Serine 2 (TMPRSS2), a
serine protease, has emerged as a pivotal player in diverse
physiological processes, ranging from viral infections to

the regulation of inflammation [5,6]. This article aims to
delve into the nuanced interplay between TMPRSS2, the
nucleotide-binding oligomerization domain-like receptor
protein 3 (NLRP3) inflammasome, and Sirtuin 1 (SIRT1),
shedding light on their collective impact on the advance-
ment of pulmonary inflammation.

TMPRSS2, initially recognized for facilitating viral
entry, exhibits expression across various tissues, with a no-

SIRT1, a class III histone deacetylase, has garnered
considerable interest due to its anti-inflammatory proper-
ties and its capacity to modulate various cellular processes
[11,12]. Recent findings suggested a potential crosstalk be-
tween TMPRSS2 and SIRT1, raising intriguing questions
about their coordinated influence on the inflammatory mi-
lieu within the lungs [13]. Unraveling the connections
between TMPRSS2, NLRP3, and SIRT1 holds promise
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for providing novel insights into the complex network of
molecular events governing pulmonary inflammation.

This article aims to provide a comprehensive review
of the existing literature on TMPRSS2, NLRP3, and SIRT1
in the context of pulmonary inflammation. By synthesizing
the current knowledge, we aim to elucidate how TMPRSS2
may serve as a molecular regulator, modulating both the
NLRP3 inflammasome and SIRT1, thereby influencing the
progression of inflammatory processes in the lungs. The in-
tegration of these diverse components into a unified frame-
work could potentially unveil new therapeutic targets for
managing and mitigating the impact of respiratory infec-
tions, including pneumonia.

In this research, we explore the involvement of TM-
PRSS2 in pneumonia and its underlying mechanisms. Fur-
thermore, we examine current knowledge gaps and suggest
prospective avenues for future studies, aiming to enhance
our comprehension of the intricate molecular interactions
governing the progression of pulmonary inflammation.

Materials and Methods

Mouse Model of Pneumonia

Eighteen male C57BL/6 mice, aged between 6 and
8 weeks old, weighing between 4 and 5 grams, were in-
dividually housed in a controlled environment. The en-
vironmental conditions were maintained at a temperature
of 22 £ 3 °C, relative humidity of 50 £ 20%, and a 12-
hour light-dark cycle. The C57BL/6 mice were obtained
from Nanjing Junke Bioengineering Co., Ltd. (Nanjing,
China). Mice were anesthetized with an intraperitoneal in-
jection of pentobarbital sodium (50 mg/kg body weight).
Following anesthesia, mice in the pneumonia group re-
ceived an intrapulmonary injection of lipopolysaccharide
(LPS) (L8880, Solarbio, Beijing, China) at a dosage of
2 mg/kg body weight to induce pulmonary inflammation.
Conversely, the sham-operated group received an equiv-
alent volume of phosphate-buffered saline (PBS) (n = 6
per group) (P1010, Solarbio, Beijing, China). The typical
pathological changes in mouse lung tissue, along with an
increase in inflammatory mediators in lung tissue or serum,
can assess the success of the LPS-induced mouse pneu-
monia model. The LPS-induced mouse pneumonia model
has a 100% success rate. After three days, the mice were
euthanized, and tissue samples were collected. To evalu-
ate the impact of TMPRSS2, recombinant TMPRSS2 pro-
tein (1 mg/kg) (P06391, Solarbio, Beijing, China) was co-
administered with LPS into the lung tissue. Additionally, to
further investigate TMPRSS2’s role in the mouse model, a
TMPRSS?2 inhibitor (Camostat) (IC2310, Solarbio, Beijing,
China) was injected at 5 mg/kg after LPS administration (1
mg/kg). After one week of treatment, the mice were eutha-
nized via intraperitoneal injection of pentobarbital sodium
at a dosage of 110 mg/kg. This study was approved by the
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ethics committee of The Fourth Hospital of Cangzhou City
(Nanpi County People’s Hospital), under approval number
NY-LL-2017-002.

HE Staining

Lung tissue samples were immersed in a 4%
paraformaldehyde solution for fixation during 24 h. Sub-
sequently, the tissues underwent dehydration by gradually
immersing them in ascending concentrations of ethanol, ul-
timately reaching 100% ethanol. If there is fat in the sam-
ples, a defatting process is performed. Following this, the
tissues were immersed in molten paraffin wax and then em-
bedded to provide support during sectioning. After section-
ing was complete, the sections underwent deparaffinization,
followed by staining with hematoxylin and eosin (HE) dye
(G1120, Solarbio, Beijing, China). After staining, the tissue
sections underwent a gradual decrease in ethanol concentra-
tion to facilitate dehydration and clarification, culminating
in slide mounting. Finally, the stained sections were ob-
served under a microscope (BH3-MJL, Olympus, Tokyo,
Japan).

Cell Culture and Transfection

Plasmid Cytomegalovirus (pCMV)-
TMPRSS2  overexpression plasmid (sense: 5'-
ATGAGTCTGCTCCTCTGCTGTCTTGGCCTCCAAAG
AATCC-3/, antisense: 5'-

GGATTCTTTGGAGGCCAAGACAGCAGAGGAGCAG
ACTCAT-3"), pCMV-negative control (NC) (sense: 5'-
ATGGCCATCATCGAGCTGCATTAGCGCTCAGTCACC
TTGC-3/, antisense: 5/-
GCAAGGTGACTGAGCGCTAATGCAGCTCGATGATG
GCCAT-3"), siRNA-TMPRSS?2 (sense: 5'-
GGAUCUGAUUGAAGGCUAUTT-3/, antisense: 5'-
AUAAGCCUUCAAUCAGAUCCG-3'), and siRNA-NC
(sense: 5’-UUCUCCGAACGUGUCACGUTT-3/, anti-
sense:  5'-ACGUGACACGUUCGGAGAATT-3") were
obtained from Sangon Biotech (Shanghai, China).
RAW264.7 cells (iCell-m047, Saibaikang Biotech, Shang-
hai, China) were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented (iCell-0001, Saibaikang
Biotech, Shanghai, China) with 10% fetal bovine serum
(FBS) (iCell-0500, Saibaikang Biotech, Shanghai, China),
penicillin (100 U/mL), and streptomycin (100 mg/mL)
(iCell-15140-122, Saibaikang Biotech, Shanghai, China).
The cells were incubated at 37 °C and 5% CO5. RAW264.7
cells were cultured until reaching 70-80% confluence to
ensure optimal growth conditions. RAW264.7 cells were
transfected using Lipofectamine 3000 (L3000001, Thermo
Fisher Scientific, Wilmington, MA, USA). After 48 h of
transfection, RAW264.7 cells were treated with 0.1 mg/mL
LPS or PBS for 4 h. This study has utilized RAW264.7
cells, which have been identified for species (STR, short
tandem repeat) and tested negative for mycoplasma
contamination.
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Quantitative Real-Time PCR

First, total RNA was extracted from the samples using
the TRIzol Universal Total RNA Extraction kit (12183555,
Thermo Fisher Scientific, Wilmington, MA, USA). Reverse
transcription was then performed using reverse transcrip-
tase to generate the corresponding cDNA (K1622, Thermo
Fisher Scientific, Wilmington, MA, USA). Specific primer
pairs, including forward and reverse primers, were designed
for the target gene. When preparing the quantitative poly-
merase chain reaction (QPCR) reaction mixture, the follow-
ing components were combined: the reverse transcription
product (cDNA), primer pairs specific to the target genes,
fluorescent dyes (FP205, TIANGEN, Beijing, China), as
well as the appropriate buffer and enzymes. After setting
the parameters on the qPCR instrument, the reaction mix-
ture was loaded into a PCR plate or optical reaction tubes.
The qPCR was then conducted, involving initial denatura-
tion, amplification, and fluorescence detection stages. By
interpreting the signal strength data recorded by the gPCR
instrument (CFX96, Bio-Rad Laboratories, Hercules, CA,
USA), the relative expression levels of the target genes in
each sample were calculated. To validate the reliability of
the experiment, the repeatability and statistical significance
of the experimental results were thoroughly assessed. The
2~AAC method was used to analyze the experimental data.
The primer sequences utilized in this study are listed in Ta-
ble 1.

Table 1. Sequences of primers used for qRT-PCR.

Primer name Primer sequence (5'-3")

TMPRSS2-F GAGAACCGTTGTGTTCGTCTC
TMPRSS2-R GCTCTGGTCTGGTATCCCTTG
TNF-a-F GCCTCTTCTCATTCCTGCTTG
TNF-a-R GGCCATTTGGGAACTTCTCA
IFN-~-F ATGAACGCTACACACTGCATCTTGG
IFN-y-R TGGCTCTGCAGGATTTTCATG
B-Actin-F ACACTGTGCCCATCTACG
B-Actin-R TGTCACGCACGATTTCC

qRT-PCR, quantitative reverse transcription polymerase chain
reaction; TMPRSS2, Transmembrane Protease Serine 2; TNF-

«, Tumor Necrosis Factor-alpha; I/FN-v, Interferon-gamma.

Western Blotting

Total proteins were extracted from myometrial tis-
sue and RAW264.7 cells using a protein extraction reagent
(78510, Thermo Fisher Scientific, Wilmington, MA, USA).
The target proteins were separated through sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
electrophoresis and then transferred onto a poly(vinylidene
fluoride) (PVDF) membrane. Subsequently, the membrane
was immersed in a 5% blocking buffer for 1 h to pre-
vent non-specific binding. Primary antibodies were then
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applied to the PVDF membranes and allowed to incu-
bate. The antibodies used were: TMPRSS2 (1:1000 dilu-
tion; cat no. ab214462, Abcam, Cambridge, UK), NLRP3
(1:1000 dilution; cat no. ab263899, Abcam, Cambridge,
UK), SIRT1 (1:1000 dilution; cat no. ab110314, Abcam,
Cambridge, UK), and Glyceraldehyde-3-Phosphate Dehy-
drogenase (GAPDH) (1:1000 dilution; cat no. Ab8245,
Abcam, Cambridge, UK). The membranes were then in-
cubated with horseradish peroxidase (HRP)-labeled anti-
rabbit secondary antibodies (1:2000 dilution; cat no. ZB-
2305, ZB-2301, ZSGB-BIO, Beijing, China) for 1 h at room
temperature. The chemiluminescent signal from the target
band was detected using a chemiluminescence instrument
(PO018S, Beyotime, Shanghai, China). Finally, the inten-
sity of the gray value was quantified using ImagelJ software
(version 1.5f, National Institutes of Health, Bethesda, MD,
USA).

ELISA Experiments

The concentrations of malondialdehyde (MDA)
(A003-1-2), superoxide dismutase (SOD) (A001-3-2),
glutathione (GSH) (A006-2-1), Reactive Oxygen Species
(ROS) (E004-1-1), Interleukin (IL)-15 (H002-1-2), and
IL-6 (HO07-1-1) in the cell extracts were quantified using
Enzyme-Linked Immunosorbent Assay (ELISA) kits from
Nanjing Jiancheng Biological Engineering Institute (Nan-
jing, China), following the manufacturer’s instructions.
The optical density (OD) values at 450 nm were measured
using a microplate reader (Cmax plus, Molecular Devices,
Silicon Valley, CA, USA).

Cell Fluorescent Staining

RAW264.7 cells were fixed in a culture dish with
4% paraformaldehyde for 20 min. The cells were per-
meabilized using a 0.1% Triton X-100 solution to en-
hance cell membrane permeability. Non-specific binding
sites were blocked by adding 5% Bovine Serum Albumin
(BSA) to the cells. The cells were incubated with spe-
cific NLRP3 antibodies (1:1000 dilution; cat no. ab263899,
Abcam, Cambridge, UK), Mitotracker Green fluorescent
dye (M7514, Thermo Fisher Scientific, Wilmington, MA,
USA), or 2',7'-Dichlorofluorescin Diacetate (DCFDA) dye
(C369, Thermo Fisher Scientific, Wilmington, MA, USA)
at 4 °C overnight or at room temperature for 1 h. The cells
were washed with PBS. Subsequently, a fluorescent-labeled
secondary antibody such as Alexa Fluor (1:1000 dilution;
cat no. ab150077, Abcam, Cambridge, UK) was added to
the cells to visualize the NLRP3 protein. 4',6-Diamidino-
2-Phenylindole (DAPI) was employed for nuclear staining.
The fluorescence signals were observed in the cell sam-
ples using a fluorescence microscope (FV3000, Olympus,
Tokyo, Japan).
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Fig. 1. TMPRSS2 expression is upregulated in pneumonia. (A) mRNA expression levels of TMPRSS?2 in lung tissues. (B,C) Protein
expression levels of TMPRSS?2 in lung tissues. (n = 6). **p < 0.01, ***p < 0.001. GAPDH, Glyceraldehyde-3-Phosphate Dehydroge-

nase.

Statistical Analysis

The data analysis for this study was conducted using
GraphPad Prism software (version 9.5, GraphPad Software,
Inc., San Diego, CA, USA; https://www.graphpad-prism.c
n/). The results were expressed as mean =+ standard de-
viation (SD). For comparisons between two groups, a ¢-test
was utilized, while one-way analysis of variance (ANOVA)
was employed for multiple-group comparisons. Statistical
significance was defined as p < 0.05.

Results

The Expression of TMPRSS?2 is Upregulated in a
Mouse Model of Pneumonia

The results from quantitative real-time polymerase
chain reaction (QRT-PCR) and western blot analysis corrob-
orated a significant upregulation in both mRNA and protein
expression levels of TMPRSS2 in the lung tissues of the
pneumonia mouse model, compared to the sham surgery
group (p < 0.01 and p < 0.001, respectively) (Fig. |A-C).
These findings suggest a strong correlation between the ele-
vated TMPRSS?2 expression in the lung tissues of pneumo-
nia mice and the presence of inflammation.

Enhanced Expression of TMPRSS?2 Induces
Inflammation and Intensifies Pulmonary Injury in
Mice Afflicted with Pneumonia

To elucidate the role of TMPRSS2 in pneumonia, we
administered recombinant TMPRSS2 protein along with
LPS into the pulmonary tissues of mice. This resulted in
an elevation of hemoglobin (Hgb) and enhanced neutrophil
infiltration in the bronchoalveolar lavage (BAL) fluid (p
< 0.05 and p < 0.001, respectively) (Fig. 2A,B). Hema-
toxylin and eosin (HE) staining revealed that TMPRSS2
exacerbated lung tissue damage (Fig. 2E). Additionally,

TMPRSS?2 protein elevated the levels of inflammatory cy-
tokines, such as Tumor Necrosis Factor-alpha (TNF-«),
Interferon-gamma (IFN-v), IL-13, and IL-6, in lung tissue
(Fig. 2C,D,F,G). TMPRSS?2 protein also induced oxidative
stress, as evidenced by an increase in the levels of MDA in
lung tissue and a decrease in the levels of SOD and GSH (p
< 0.001) (Fig. 2H-)).

Silencing TMPRSS?2 Suppresses Inflammation and
Lung Damage in Mice with Pneumonia

Subsequently, we utilized the TMPRSS2 inhibitor
(camostat mesylate) to explore whether suppressing TM-
PRSS?2 activity could protect against lung damage in mice
with pneumonia. The TMPRSS2 inhibitor significantly re-
duced the concentrations of Hgb and neutrophil infiltra-
tion in BAL fluid (p < 0.05 and p < 0.001, respectively)
(Fig. 3A,B). HE staining revealed that the TMPRSS?2 in-
hibitor alleviated lung tissue damage (Fig. 3E). Addition-
ally, the TMPRSS2 inhibitor markedly decreased the lev-
els of inflammatory cytokines, such as TNF-a, IFN-v, IL-
18, and IL-6, in lung tissue (p < 0.05 and p < 0.01)
(Fig. 3C,D,F,G). Moreover, the TMPRSS2 inhibitor mit-
igated oxidative stress, evidenced by a decrease in MDA
levels within lung tissue and an increase in SOD and GSH
levels (p < 0.001) (Fig. 3H-J). These findings suggest that
TMPRSS?2 plays a pivotal role in inflammation and lung
damage in pediatric pneumonia.

Overexpression of TMPRSS?2 Promotes the
Inflammatory Response in RAW264.7 Macrophage
Cells

Macrophages play a crucial role in pulmonary inflam-
mation. To investigate the function of TMPRSS2 in these
immune cells, we transfected RAW264.7 cells with a TM-
PRSS2 overexpression plasmid or TMPRSS2 siRNA, fol-
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Fig. 2. The TMPRSS2 protein induces inflammation and pulmonary damage in mice with pneumonia. (A) Concentrations of
hemoglobin (Hgb) in BAL fluid. (B) Neutrophil levels in BAL fluid. (C,D) Levels of Interleukin (IL)-15 and IL-6 in lung tissue. (E)
Hematoxylin and eosin (HE) staining of lung tissue. (F,G) mRNA levels of TNF-« and IFN-7v in lung tissue. (H-J) Concentrations of
MDA, SOD, and GSH in lung tissue (n = 6). *p < 0.05 and ***p < 0.001. BAL, bronchoalveolar lavage; MDA, malondialdehyde;
SOD, superoxide dismutase; GSH, glutathione.

lowed by LPS stimulation. As expected, the TMPRSS2
overexpression plasmid significantly increased the expres-
sion levels of TMPRSS2 (p < 0.001) (Fig. 4A). TMPRSS2

overexpression elevated the levels of IL-13 and IL-6, as
well as the mRNA expression of TNF-« and IFN-y (p
< 0.001) (Fig. 4B-E). Conversely, si-TMPRSS2 reduced
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Fig. 3. Inhibiting TMPRSS2 can suppress inflammation and lung damage in mice. (A) Levels of Hgb in BAL fluid. (B) Levels of
neutrophils in BAL fluid. (C,D) Levels of IL-13 and IL-6 in lung tissue. (E) HE staining of lung tissue. (F,G) mRNA levels of TNF-a
and /FN-7 in lung tissue. (H-J) Levels of MDA, SOD, and GSH in lung tissue (n = 6). *p < 0.05 and ***p < 0.001.

the expression levels of TMPRSS2 (p < 0.001) (Fig. 4F).
si-TMPRSS?2 also decreased the levels of IL-15 and IL-
6, along with the mRNA expression of TNF-« and /FN-
v (p < 0.001) (Fig. 4G-J). Collectively, these data sug-
gest that TMPRSS2 promotes an inflammatory response in
macrophages.

TMPRSS?2 Amplifies NLRP3 Expression while
Inhibiting SIRTI Expression

To investigate the inflammatory mechanisms medi-
ated by TMPRSS2, we analyzed the protein expression of
NLRP3 and SIRT1 in the lung tissues of three groups: a
pneumonia mouse model group, a TMPRSS2 recombinant
protein-treated group, and a TMPRSS2 inhibitor-treated
group. Recombinant TMPRSS2 inhibited the protein lev-
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Fig. 4. TMPRSS2 modulates inflammation in a macrophage model in vitro. (A-E) Levels of TMPRSS2 (A), IL-13 (B), IL-6 (C),
TNF-« (D), and IFN-v (E) in RAW264.7 cells after TMPRSS2 overexpression. (F-J) Levels of TMPRSS2 (F), IL-18 (G), IL-6 (H),
TNF-« (I), and IFN-v (J) in RAW264.7 cells after TMPRSS2 knockdown (n = 6). *p < 0.05 and ***p < 0.001. NC, negative control.

els of SIRT1 while significantly elevating the protein lev-
els of NLRP3 in the lung tissues of mice with pneumonia
(» < 0.001) (Fig. 5SA—C). Conversely, treatment with the
TMPRSS?2 inhibitor increased SIRT1 levels and inhibited
NLRP3 levels in the lung tissues of pneumonia mice (p <
0.001) (Fig. 5SD-F). These data suggest that TMPRSS2 pro-
motes the expression of NLRP3 while concurrently inhibit-
ing the expression of SIRT1.

TMPRSS?2 Induces Inflammation by Activating the
NLRP3 Inflammasome and Modulating
Mitochondrial Permeability Transition

TMPRSS2 overexpression elevated TMPRSS2
and NLRP3 protein levels, while suppressing SIRT1
protein expression in RAW264.7 cells (»p < 0.05 and
p < 0.01) (Fig. 6A-D). This overexpression induced


https://www.biolifesas.org/

Journal of

BIOLOGICAL REGULATORS

&
Q
A B C N
: £ & > S
.% 1.59 2 4 *kk ‘%Q‘b' eb@ eb%
;a =, ] = S
o o 3
£ 1.0+ £
g £ SIRT1 - - g g,
= o]
£ 05 z NLRP3 "% - 107 kDa
I l_
Z,.] £, GAPDH D D SN 3 \D-
=4 N é N > v
%V‘b& @sz @Q Q.éﬁ %Q‘b @eg' @Q Q'%%
s S
@ex °§§ N
S & %%W
&
a
P s F & & &
‘. hk g 157 R
a — 5 *okk
5 2] 5 | p— |
5 ’ £ 101 SIRT1 - 81 kDa
g, g
=" o
> 2 s NLRP3; D@D == (7D,
7 14 =
4
£
£ 2 GAPDH L]
50 £ 0o - 36 kDa
> A & > ~
o ®°§ Qq.%co’\' ;:,Q‘) &oga Q@g}o
& <&
S\@“\ @eéé

Fig. 5. TMPRSS2 promotes the expression of NLRP3 while inhibiting the expression of SIRT1. (A-C) Expression levels of NLRP3
and SIRT1 proteins in mice with pneumonia treated with recombinant TMPRSS2 protein. (D-F) Protein levels of NLRP3 and SIRT1
in mice with pneumonia treated with TMPRSS2 inhibitor. (n = 6). ***p < 0.001. SIRTI, Sirtuin 1; NLRP3, nucleotide-binding

oligomerization domain-like receptor protein 3.

mitochondrial damage and stimulated NLRP3 protein
expression in the macrophage model (Fig. 6E&E-
1&E-2). Additionally, TMPRSS2 overexpression
heightened ROS and MDA production, reduced SOD
levels, and amplified 5,5',6,6'-Tetrachloro-1,1',3,3'-
tetraethylbenzimidazolylcarbocyanine  iodide  (JC-1)
staining in the macrophage model (p < 0.05 and p < 0.001,
respectively) (Fig. 6F—I). Conversely, TMPRSS?2 silencing
decreased TMPRSS2 and NLRP3 expression while enhanc-
ing SIRT1 expression (p < 0.05 and p < 0.01) (Fig. 6J-M).
It mitigated mitochondrial damage and suppressed NLRP3
expression in LPS-stimulated macrophages (Fig. 6N).
TMPRSS2 knockdown also diminished ROS production
and MDA levels, elevated SOD levels, and intensified
JC-1 staining in the macrophage model (p < 0.05 and p <
0.001) (Fig. 60-R). These findings suggest that TMPRSS2
induces inflammation in macrophages through NLRP3
inflammasome activation and compromises mitochondrial
function by downregulating SIRT1.

Discussion

Patients with pneumonia not only suffer from severe
pulmonary conditions but also experience multi-organ dam-
age throughout the body [14,15]. In this investigation, we
demonstrated an elevation of TMPRSS2 levels in mice af-
flicted with pneumonia. Research by Yao and Lawrence
[16] suggested a close association between TMPRSS2 and
mitochondrial function, linking it to mitochondrial home-
ostasis and autophagic clearance. Our findings indicate that
the increased expression of TMPRSS2 in pneumonia could
potentially exacerbate inflammatory responses and oxida-
tive stress.

Oxidative stress is prevalent throughout the body and
plays essential roles in various physiological functions [17].
When confronted with pathogenic infections and other ad-
verse stimuli, an excess of free radicals can lead to oxidative
damage in different intracellular molecules and components
[18]. Research indicates that after the onset of pneumo-
nia, the release of hydrogen peroxide and superoxide rad-
icals in the lungs can be regulated [19]. Oxidative stress-
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induced lung injury is linked to the onset and progression
of pneumonia [20]. Our findings indicate that the recombi-
nant TMPRSS2 protein enhances inflammation and oxida-
tive stress in the pneumonia model, and inhibiting its activ-
ity mitigates these detrimental responses. Study suggests
that TMPRSS?2 induces inflammatory responses, contribut-
ing to the development of inflammatory bowel disease [21].
All the aforementioned data collectively indicate that the
TMPRSS?2 protein plays a pivotal role in the inflammation
associated with pneumonia.

Inflammation serves as a crucial factor contributing
to vascular dysfunction, apoptosis of endothelial cells, and
the aging process. A previous study indicated that during
aging, vascular regeneration is impaired, and the expres-
sion levels of SIRT1 in endothelial cells decrease [22]. En-
dothelial cell aging is a crucial hallmark of vascular aging
and a major contributor to cardiovascular diseases such as
hypertension and atherosclerosis [23]. In our investigation,
we observed that TMPRSS2 downregulates the expression
of SIRT1 in the pneumonia model. Research has indicated
that TMPRSS2 and SIRT1 are essential in the biological
functions of the vascular endothelium during pediatric crit-
ical illnesses [13]. Our findings suggest that TMPRSS2
regulates inflammation and oxidative reactions in pneumo-
nia by modulating the expression of SIRT1. However, the
underlying biological mechanisms of SIRT1 expression re-
main worthy of further investigation to elucidate the intri-
cate pathways.

The NLRP3 inflammasome identifies distinct molec-
ular patterns, triggering the inflammatory response and re-
sulting in the release of various inflammatory factors, in-
cluding IL-18 and IL-1/3 [24]. Study suggests that the initial
immune response to pulmonary stimuli is predominantly
mediated by inflammasomes [25]. However, excessive in-
flammation can exacerbate tissue damage and contribute to
the development of respiratory system diseases [26]. The
onset and progression of respiratory diseases, such as infec-
tious pneumonia, asthma, chronic obstructive pulmonary
disease, and acute lung injury, are linked to inflammatory
processes [27]. Excessive pro-inflammatory cytokines are
detrimental to maintaining the homeostasis of inflammatory
tissues. Our study results further suggest that TMPRSS?2 in-
hibits the expression of NLRP3 in a pneumonia model.

Nevertheless, our research did not explore the mech-
anisms through which TMPRSS2 regulates NLRP3 ex-
pression in the pneumonia model. Subsequent investiga-
tions are warranted to elucidate how TMPRSS2 influences
the expression of NLRP3 and SIRTI in the pneumonia
mouse model. Additionally, the potential signaling axis of
SIRT1/NLRP3 may be crucial for the functionality of TM-
PRSS2 in pneumonia.
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Conclusions

In summary, our investigation reveals that TMPRSS2
promotes inflammation and oxidative stress within a pneu-
monia model. Our findings suggest that TMPRSS2 sup-
presses SIRT1 expression, thereby intensifying mitochon-
drial permeability, and elevates NLRP3 levels, contributing
to the regulation of inflammation in the pneumonia model.
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