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Polymerase §-interacting protein 2 (Poldip2) has been reported to mediate
acute lung injury (ALIl); however, the underlying mechanism is not fully explored.
Male C57BL/6 mice and A549 cells were wused to establish the
lipopolysaccharide (LPS)-induced ALl model, then the expression of
Poldip2 and its effect on oxidative stress and the resulting inflammation
were detected. Adeno-associated virus serotype 6 (AAV6) mediated
Poldip2 knockdown was transfected into mice via intratracheal atomization.
And A549 cells stimulated with LPS was used to further confirm our hypothesis
in vitro. ML385, specifically inhibited the activation of the Nrf2 signaling
pathway. Our data suggested that LPS stimulation remarkably increased
protein levels of Nox4 and p-P65, activities of NADPH and MPO, and
generation of ROS, TNF-a, and IL-1B while decreased protein levels of
Nrf2 and HO-1 compared with those in NC shRNA + Saline group, which
were obviously reversed by Poldip2 knockdown. Concomitantly,
Poldip2 knockdown dramatically reduced contents of MDA and enhanced
activities of SOD and GSH-Px compared to NC shRNA + LPS group. In vitro,
we found that knockdown of Poldip2 significantly reversed LPS-induced
increase protein levels of Nox4 and p-P65, activity of NADPH, and
generation of ROS, TNF-a, and IL-1B, and decrease protein levels of
Nrf2 and HO-1, ML385 pretreatment reversed the effects of
Poldip2 knockdown mentioned above. Our study indicated that
Poldip2 knockdown alleviates LPS-induced ALl via inhibiting Nox4/Nrf2/NF-
kB signaling pathway.
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Highlights

1) Poldip2 knockdown inhibits LPS-induced ALI in C57BL/
6 mice and A549 cells via Nox4/ Nrf2/NF-kB signaling
pathway.

2) Pretreatment with ML385 reversed the inhibitory effects of
Poldip2 knockdown in A549 cells.

3) Poldip2 is an important regulator of oxidative stress and the
resulting inflammation and may be a new target for ALIL

Introduction

Acute lung injury is a life-threatening respiratory disorder in
the department of critical care medicine, with a high mortality
rate of over 40% (Fan et al, 2018). ALI is characterized by
disruption of the alveolar-capillary barrier, impairment of gas
exchange, formation of pulmonary edema, and even progressive
respiratory failure (Tu et al., 2019). Advances have been made to
improve the management of ALI with medical interventions,
however, no treatments are currently proved effective for ALL
Therefore, targeting the key protein in inflammatory signaling
cascade may represent a promising strategy for ALL

NADPH oxidase (Nox) family of proteins are considered as a
primary enzymatic sources of ROS in respiratory disorders
including ALI, which catalyzes the reduction of O2- to ROS
and leads to constant oxidative stress (Jarman et al., 2014).
NADPH oxidase 4 (Nox4) is the most well-characterized Nox
isoform in mammals and is considered to play a fundamental
role in lung injury. Prior studies have suggested that inhibition
of Nox4 reduced oxidative stress and lung injury caused by
various diseases or conditions such as sepsis (Jiang et al.,
2020), ischemia-reperfusion (Cui et al., 2018), influenza A
virus infection (Yu et al., 2020) and paraquat poisoning (Liu
et al, 2019), suggesting Nox4 inhibition exerts protective
effects against lung injury.

Poldip2 has attracted a multitude of attention because of its
role in a variety of inflammatory conditions, including sepsis-
associated encephalopathy (Lv et al., 2017) and ARDS (Fao et al.,
2019). Fao and collaborators suggested that heterozygous
the
superoxide generation and improves survival in ARDS mouse

deletion of Poldip2 gene significantly attenuates
model, and mechanism analysis indicated that reduced
Poldip2 inhibited LPS-induced lung injury via regulating
mitochondrial ROS-induced inflammatory signaling (Fao
et al, 2019). Importantly, a previous study suggested that
Poldip2 directly interacted with Nox4 and upregulated
Nox4 enzymatic activity and ROS generation (Lyle et al,
2009). However, the mechanism by Poldip2 mediates acute
lung injury is poorly understood.

Therefore, we aimed to elaborate the potential
mechanism of Poldip2 in LPS-induced ALI, and to

underline the relationship between Poldip2 and oxidative
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stress and the resulting inflammation in mice and A549 cells,
consequently to reveal whether Poldip2 knockdown mediates
inhibition of Nox4/Nrf2/NF-xB signaling pathway during
acute lung injury.

Materials and methods
Reagents and chemical

LPS (Escherichia coli 055:B5) was provided by Sigma (St.
Louis, United States). ML385 was purchased from Med Chem
Express (MCE, United States). TNF-a and IL-13 ELISA Kkits
were obtained from Absin (Shanghai, China) and Cusabio
(Wuhan, China), respectively. Myeloperoxidase (MPO),
malondialdehyde (MDA), superoxide dismutase (SOD) and
glutathione peroxidase (GSH-Px) commercial kits were
purchased from Jiancheng Corporation (Nanjing, China).
NADPH oxidase activity commercial kit was supplied by
Genmed Company (Shanghai, China). The ROS detection
kit, BCA Protein Assay Kit, and 2'7’-dichloro-dihydro-
fluorescein diacetate (DCFH-DA) were provided by the
Beyotime Company (Shanghai, China). Antibodies against
Poldip2, Nox4, Nrf2, Heme Oxygenase-1 (HO-1),
phosphorylated IxkB kinase a/f (p-IKKa/B), IKKa,
phosphorylated IkBa (p-IxBa), IkB-a, p-P65, and P65 were
obtained from Abcam (Cambridge, United States) or Novus
(Littleton, United States). Antibody against (B-actin was
provided by Proteintech Corporation (Wuhan, China).

Establishment of mice models

The experimental protocols were approved by the Ethics of
Animal Care and Use of the First Affiliated Hospital of USTC.
Male C57BL/6 mice (10-12 weeks old) weighing 20-25 g were
randomly assigned to four groups (n = 6 per group), then were
anesthetized via ether inhalation and intratracheally atomized
with 6.5 x 1,010 vg/mouse (in 50 pl) of recombinant AAV6
vector expressing Poldip2 short hairpin RNA (shRNA) or NC
shRNA (Hanbio, Shanghai, China) following the previously
study (Kurosaki et al, 2018). The shRNA sequences of
Poldip2 are as follows: Top strand: 5 -AATTCGCGCTAT
TGTATACGCTTGGAATTCAAGAGATTCCAAG CGTATA
CAATAGCGTTTTTTG-3' and Bottom strand: 5 -GATCCA
AAAAACGCTATTGTA TACGCTTGGAATCTCTTGAAT
TCCAAGCGTATACAATAGCGCG-3. After 35days, ALI
was induced following the previous study (Zhong et al., 2019).
Briefly, 5mg/kg LPS dissolved in 50 ul sterile saline was
intratracheally atomized into the lungs of mice. Twenty-
4 hours post LPS administation, all mice were sacrificed, then
histological and biochemical examinations were carried out
(Figure 1A).
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FIGURE 1
Poldip2 knockdown alleviates inflammation in LPS-induced mice ALI. (A) Diagram shows the experimental design. (B,C) The protein level of
Poldip2 was detected by western blot (B) and quantitatively analyzed (C). Male C57BL/6 mice were intratracheally atomized with AAV6 vector
expressing Poldip2 shRNA or NC shRNA. Thirty-five days later, 5 mg/kg of LPS or saline was given via intratracheal atomization for 24 h (D)
Representative images showing H&E staining in lung tissue sections, the original image is X200, the magnified images showed cropped images
outlined correspondingly. (E) Representative images showing immunohistological staning of Ly6G in lung tissue sections, the original image is X200,
(Continued)
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FIGURE 1

the magnified images showed cropped images outlined correspondingly (F) Pathological score of the lungs. (G) The MPO activity in lung
homogenates were detected. (H-L) The protein levels of p-IKKa/B, IKKa, p-IkBa, IkB-a, p-P65, and P65 were detected by western blot (H) and
quantitatively analyzed (I-L). (M) Representative images showing immunohistological staning of p-P65 in lung tissue sections (magnification, x200).
Scale bars are 50 pm. (N,O) The levels of TNF-a and IL-1f in BALF were determined by ELISA. n = 6 mice per group. Results are represented as
mean + SEM. Statistically significant differences are indicated as ***p < 0.001, **p < 0.01, *p < 0.05.

Lung histology and pathological score

The left lungs were lavaged for 3 times with phosphate
buffered saline (PBS, 500 pl per time), and bronchoalveolar
lavage fluid (BALF) was centrifuged and the supernatants
were collected and kept frozen at —80°C, which were used
for protein concentrations and inflammatory cytokines
detection. Total protein concentrations were detected via
BCA of
homogenized for western blot assay. The remaining right

assay. Part right lungs were taken and
lungs were excised and fixed in 4% (v/v) paraformaldehyde
for 24h, embedded in paraffin, and sectioned into 5pum
thickness. Histopathological changes were evaluated on
lung sections stained with hematoxylin/eosin (H&E).
Pathological scores were performed by two experienced
pathology experts blinded to the experimental groups as
described previously (Liu et al., 2014; Sun et al., 2021). Five
independent random fields (magnification, x400) were scored
per mouse based on the alveolar walls and epithelial
thickening, neutrophil infiltration in the alveoli, and
elevations in peribronchial and perivascular cuff area. The
resulting pathological score is a continuous value between

0 and 5.

Determination of inflammatory cytokines

The concentrations of TNF-a and IL-1p in BALF
supernatants were quantified via commercial ELISA kits. In
addtion, A549 cells at passages 2-6 were seeded and cultured
for 24 h at 50-70% confluence were stimulated with 10 pg/ml
LPS for 12 h, the culture medium were harvested for detecting the
TNF-a and IL-1f concentration.

Detection of lung tissues NADPH
enzymatic activity

NADPH enzymatic activity was detected according to the
manufacturers’ instructions. Briefly, the supernatants of lung
homogenates and A549 cells were incubated for 3 min at 30°C
with oxidized cytochrome c in a spectrophotometer cuvette, then
Nox substrate (NADPH) was mixed together and incubated for
15 min. All values for absorbance was followed at 340 nm by a
spectrophotometer.
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Determination of malondialdehyde,
superoxide dismutase, glutathione
peroxidase and myeloperoxidase

To evaluate the oxidative damage in LPS-induced lung injury,
the supernatants of lung homogenate were collected after
centrifugation, and the levels of oxidative indicators (MDA and
SOD) and antioxidant enzyme (GSH-Px) were determinated using
the commercial available kits. Moreover, the activity of MPO was
associated with pulmonary neutrophil infiltration and activation,
involving in lung inflammation.

A549 cells culture and RNA interference

The human alveolar epithelial cell line A549 cells were cultured
in DMEM with 10% fetal bovine serum (FBS), 100 U/ml penicillin,
and 100 mg/ml streptomycin. Cells were maintained at 37°C in a
humidified atmosphere with 5% CO2. Lentivirus vectors containing
Poldip2-specific sShRNA (Poldip2 shRNA) or nonspecific sShRNA
(NC shRNA) were synthesized by Hanbio Corporation (Shanghai,
China). Cells at 30-50% confluence were transducted by lentivirus
following the manufacturer’s protocols. The Poldip2 shRNA
sequences are listed as follows: Top strand: 5'-GATCCGGCG
CTACTGTATCCGTTTGGAGAATTCAAGAGATTCTCCAAA
CGGATACAGTAGCGCCTTTTTTG-3' and Bottom strand: 5'-
AATTCAAAAAAGGCGCTACTGTATCCGTTTGGAGAATCT
CTTGAATTCTCCAAACGGATACAGTAGCGCCG-3'.

Determination of ROS in A549 cells

Production of ROS in A549 cells was detected with oxidation-
sensitive fluorimetric probe DCFH-DA as described previously
(Chen et al, 2021). Briefly, A549 cells were probed by 10 uM
DCFH-DA at 37°C for 20 min, fluorescence emission was
determined with CytoFLEX Flow Cytometer (Beckman Coulter,
United States). The fluorescent intensities were measured from
10,000 cells at 488 nm (excitation) and 530 nm (emission).

Immunofluorescence

A549 Cells were fixed with 4% paraformaldehyde for 15 min at
room temperature and blocked with 5% bovine serum albumin
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(BSA) for 2 h at 4°C. Then specific primary antibodies of Nox4 (1:
120), p-P65 (1:400), Nrf2 (1:100) or HO-1 (1: 100) were added and
incubated at 4°C. Twelve hours later, appropriate secondary
antibodies (1:1000) were added for 1h, and nuclei were stained
with DAPI for 5 min. Photographs were taken using an inverted
laser confocal microscope (Carl Zeiss, Germany).

Immunohistochemistry

The paraffin-embedded sections were routinely deparaffinized
and rehydrated. After retrieving antigens with a citrate acid buffer
and blocking with 3% H202 for 20 min, the sections were incubated
with primary antibodies of Nox4 (1:200), Ly6G (1:200), p-P65 (1:
200), Nrf2 (1:250) or HO-1 (1:200). Before mounting, the sections
were counterstained with hematocylin  and

subsequently
photographed using microscopy (Olympus, Japan).

Western blot analysis

Protein lysates from lung tissues and A549 cells were extracted
and quantified as described previously (Lv et al,, 2017). Lysates
(30 ug  protein) loaded per lane and separated
electrophoretically by 10% SDS-PAGE gels, and transferred onto
polyvinylidene fluoride membranes (pre-activated with anhydrous

were

methanol for 1 min), then the membranes were blocked with 5%
skim milk in TBST for 1 h and incubated with primary antibodies
(1:1,000) for 12 h at 4°C. Appropriate secondary antibodies (1:5000)
were added for 1h at room temperature, immunoreactive bands
were visualized with a chemiluminescence detection kit.

Statistical analysis

Data were analysed by Graph Pad Prism 8.0 software. Data was
presented as mean + SEM of three independent experiments.
Student’s t-test was conducted to evaluate differences between
two groups, and ANOVA was used to for multiple groups. p <
0.05 was considered statistically significant.

Result

Poldip2 knockdown alleviates
lipopolysaccharide-induced lung
inflammation in acute lung injury mice

We
Poldip2 gene knockdown mice. Recombinant AAV6 vector
expressing Poldip2 shRNA or NC shRNA was administered
via intratracheal atomization in mice. Thirty-five days after
administration of AAV6-mediated shRNA, western blot

first determined the expression of Poldip2 in
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analysis showed that Poldip2 knockdown mice showed a
remarkable decrease in Poldip2 expression compared to the
NC shRNA group (Figures 1A-C).

To confirm whether Poldip2 knockdown alleviates lung
inflammation in mice, NC shRNA and Poldip2 shRNA mice
were challenged with saline or LPS for 24 h, then histopathologic
examination was performed (Figure 1D). We next evaluated the
pathological score during lung injury in mice and found that
Poldip2 knockdown markedly decreased the pathological score
compared with those in NC shRNA + LPS group (Figure 1F). In
(Ly6G)
immunohistochemical assay (McCracken et al., 2020). Our results

addition, neutrophil infiltration was examined via
showed a significant increase of neutrophil inflitration in alveolar and
interstitial spaces in NC shRNA + LPS group as compared with those
in NC shRNA + Saline group, whereas this histopathologic feature
was attenuated in Poldip2 knockdown mice (Figure 1E). The MPO
activity was detected in lung tissues to further confirm the
histopathological findings. The results suggested that activity of
MPO was significant decreased in Poldip2 shRNA + LPS group
compared with those in NC shRNA + Saline group (Figure 1G).
The nuclear factor kappa B (NF-xB) pathway is an
prototypical proinflammatory signaling pathway that regulates
inflammatory cytokines production under LPS challenge (Ling
etal., 2020). Therefore, we next investigated whether knockdown
of Poldip2 reduced lung inflammation via downregulating the
IKK/IkB/NF-kB signaling pathway. Western blot showed
Poldip2 knockdown significantly reversed LPS stimulation
induced increases in protein levels of the p-IKKa/B, p-IkBa, and
p-P65 and decreases in protein level of the IxBa (Figures 1H-L).
Moreover, similar results were found in our immunohistochemical
assays (Figure 1M). Additionally, BALF samples were collected to
determine the levels of inflammatory cytokines in mice. As shown in
Figures 1N,O, we observed that Poldip2 knockdown remarkably
inhibited LPS-induced increases in TNF-a and IL-1p levels in BALF
in AL Collectively, results
Poldip2 knockdown attenuated LPS-induced lung inflammation

mice. our suggested  that

via inhibits NF-kB signaling pathway.

Poldip2 knockdown ameliorates
lipopolysaccharide-induced oxidative
stress in acute lung injury mice

Nox4 is a major source of ROS and has been reported to be
rapidly activated under LPS challenge (Fisher et al., 2019; Jiang et al.,
2020). Herein, we aimed to elucidate the mechanisms that underlie
Poldip2 regulates protein level and oxidase activity of Nox4. The
results indicated that Nox4 protein level and NADPH oxidase
activity were markedly attenuated in Poldip2 shRNA group
compared with those in NC shRNA group following LPS
challenge (Figures 2A,B,D), indicating that Poldip2 upregulates
Nox4 results
immunohistochemical assays (Figure 2C).

gene.  Similar were found in our
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Poldip2 knockdown suppresses oxidative stress in LPS-induced mice ALI. (A) Male C57BL/6 mice were intratracheally atomized with

AAV6 vector expressing Poldip2 shRNA or NC shRNA. Thirty-five days later, 5 mg/kg of LPS or saline was given via intratracheal atomization for 24 h
(A,B) The protein level of Nox4 were detected by western blot (A) and quantitatively analyzed (B) (C) Representative images showing
immunohistological staning of Nox4 in lung tissue sections (magnification, X200). Scale bars are 50 pm (D) The NADPH oxidase activity in lung
homogenates was detected by spectrophotometer. (E-G) The MDA concentrations and SOD and GSH-Px activities in lung homogenates were
determined. n = 6 mice per group. Results are represented as mean + SEM. Statistically significant differences are indicated as ***p < 0.001,**p < 0.01,

*p < 0.05.

Furthermore, to determine whether Poldip2 knockdown
attenuates LPS-induced oxidative stress, levels of MDA,
SOD, and GSH-Px, as indicators of lipid peroxidation
and the activity of antioxidant enzymes, were detected in
lung tissues, respectively. As shown in Figures 2E-G, in
response to LPS stimulation, the content of MDA was
absolutely increased, while the activities of SOD and
GSH-Px were remarkably reduced compared with those
in NC shRNA + Saline group, but were reversed in
Poldip2 shRNA + LPS group. Collectively, our data
showed that Poldip2 knockdown suppresses oxidative
stress in ALI mice.

Poldip2 knockdown attenuates
lipopolysaccharide-induced acute lung
injury through Nrf2 Signaling pathway
activation

Mounting evidence has indicated that Nrf2/HO-

1 signaling pathway is an important endogenous

Frontiers in Pharmacology

antioxidant defense system and participates in regulation of
oxidative stress and inflammation (Ahmad et al., 2020; Yao
etal., 2020). Herein, we evaluated the effect of LPS stimulation
on protein levels of Nrf2 and HO-1 in lung tissues. Mice were
treated with LPS at different times (0-48 h). As shown in
Figures 3A-D, we observed an increase in Nrf2 and HO-1
above baseline at 3 h, peaked at 12 h and decreased below
baseline at 24 h. Our results indicated that LPS challenge
induced Nrf2 and HO-1 expression in a time-dependent
manner in mice.

Additionally, the effects of Poldip2 knockdown on the
Nrf2/HO-1 pathway were detected via western blot and
immunohistochemical assays. As shown in Figures 3E-G,
LPS challenge significantly inhibited protein levels of
Nrf2 and HO-1 compared with those in NC shRNA +
Saline group, which were reversed in Poldip2 shRNA + LPS
group. Results obtained from immunohistochemistry analysis
(Figures 3H,I) were consistent with Western blot experiments
(Figures 3E-G). Collectively, these results indicated that
Poldip2 LPS-induced
Nrf2 signaling pathway.

knockdown could reverse
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Poldip2 knockdown inhibits LPS-induced ALI through activating Nrf2 signaling pathway. Male C57BL/6 mice were intratracheally atomized with
5 mg/kg of LPS for different times (0—48 h) (A—D). The protein levels of Nrf2 and HO-1 were detected by western blot (A,C) and quantitatively
analyzed (B,D). Male C57BL/6 mice were intratracheally atomized with AAV6 vector expressing Poldip2 shRNA or NC shRNA. Thirty-five days later,
5 mg/kg of LPS or saline was given via intratracheal atomization for 24 h (E-G) The protein levels of Nrf2 and HO-1 were detected by western
blot (E) and quantitatively analyzed (F,G) (H,1) Representative images showing immunohistological staning of Nrf2 and HO-1 (magnification, x200).
Scale bars are 50 ym n = 6 mice per group. Results are represented as mean + SEM. Statistically significant differences are indicated as ***p <

0.001,**p < 0.01, *p < 0.05

Poldip2 knockdown inhibits
lipopolysaccharide-induced oxidative
stress and inflammation in a549 cells

To further determine whether Poldip2 mediates oxidative
stress and inflammation is via regulating the Nox4/Nrf2/NF-«xB
signaling pathway. A549 cells were transfected with either NC
shRNA or Poldip2 shRNA and stimulated with PBS or 10 pg/ml
LPS for 12 h. Our study suggested that increased protein levels of
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Nox4 and p-P65, as well as decreased protein levels of Nrf2 and HO-1
were detected under LPS challenge compared with those in NC
shRNA group. Conversely, knockdown of Poldip2 notably reduced
Nox4 and p-P65 protein levels and increased Nrf2 and HO-1 protein
levels compared with those in NC shRNA + LPS group (Figures
4A-FE). Similar results were obtained in our immunofluorescence
assays, suggesting that knockdown of Poldip2 attenuates Nox4 and
p-P65 expression (Figures 4F,H,J,K), but enhanced Nrf2 and HO-1
expression (Figures 4G,L,M) in response to LPS stimulation.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.958916

10.3389/fphar.2022.958916

Wang et al.
A B C
NCShRNA  Poldip2 sShRNA £ 19 £
Control LPS  Control LPS s ]
Zo0s z
S 68 n‘n
HO-1 33 r— " ’ — . :
NCShRNA  Poldip2 shRNA NCShRNA  Poldip2 shRNA
s 65 D
&) =
—A
NCShRNA  Poldip2 shRNA NCShRNA  Poldip2 shRNA
NC shRNA Poldip2 ShRNA NC shRNA Poldip2 ShRNA
F Control LPS Contral Control LPS Control LPS
& >
&
o c
—
NCShRNA  Poldip2 shRNA NCShRNA  Poldip2 shRNA NCShRNA  Poldip2 shRNA NCShRNA  Poldip2 shRNA
N NC shRNA Poldip2 ShRNA
=B
» |
I\
K | 8 ¢
& |
e s |
\
@ £ T w W G £ > “ ]
—
P NCShRNA  Poldip2 shRNA
A
NCShRNA  Poldip2 shRNA NCSURNA  Poldip2 shRNA NCSURNA  Poldip2 shRNA
FIGURE 4

Poldip2 knockdown inhibits LPS-induced oxidative stress and the resulting inflammation in A549 cells. Confluent A549 cells were transfected

with lentivirus vector expressing NC shRNA or Poldip2 shRNA for 72 h, and treated with PBS or 10 pg/ml LPS for 12 h. (A—E) The protein levels of
Nox4, Nrf2, HO-1, p-P65 and P65 were detected by western blot (A) and quantitatively analyzed (B—E). (F-M) Representative images showing
immunofluorescence staning of Nox4, p-P65, Nrf2 and HO-1. Cells were stained with Nox4, p-P65 or Nrf2 (green) and HO-1(red), and counter-
stained with DAPI (blue) (magnification of x400), Scale bars are 20 um. (N,O) The generation of intracellular ROS were detected by flow cytometry.
(P) The NADPH oxidase activity in A549 cells was detected by spectrophotometer. (Q,R) The levels of TNF-a and IL-1p in the supernatant were
detected by ELISA. Results are represented as mean+SEM of 3 independent experiments. Statistically significant differences are indicated as ***p <

0.001, **p < 0.01, *p < 0.05
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Protective effects of Poldip2 knockdown in attenuating oxidative stress and the resulting inflammation are reversed by ML385. Transfected
A549 cells (NC shRNA or Poldip2 shRNA) were pretreated with or without 5 yM ML385 for 1 h, and treated with 10 pg/ml LPS for 12 h (A-D) The
protein levels of Nrf2, HO-1, p-P65 and P65 were detected by western blot (A) and quantitatively analyzed (B—D). (E,F) The levels of TNF-a and IL-1f
in the supernatant were detected by ELISA. Results are represented as mean + SEM of three independent experiments. Statistically significant

differences are indicated as ***p < 0.001,**p < 0.01, *p < 0.05.

Then, we evaluated the role of Poldip2 knockdown on ROS
generation, NADPH oxidase activity, and TNF-a and IL-1f
generation in LPS-treated A549 cells. After LPS stimulation for
12 h, cells were probed by 10uM DCFH-DA at 37°C for 20 min,
and ROS generation was determined with flow cytometry. We
found that LPS stimulation substantially induced ROS
generation compared to those in NC shRNA group, but was
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inhibited by Poldip2 knockdown (Figures 4N,0O). Furthermore,
knockdown of Poldip2 significantly suppressed LPS-induced
increase of NADPH oxidase activity and generation of TNF-a
and IL-1p compared with those in NC shRNA + LPS group
(Figures 4P-R). Taken together, the present results suggested
that Poldip2 knockdown suppresses LPS-induced oxidative
stress and inflammation in A549 cells.
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The Nrf2 inhibitor ML385 attenuates the
inhibitory action of Poldip2 knockdown in
lipopolysaccharide-stimulated A549 cells

To further determine whether Poldip2 knockdown inhibited
LPS-induced NF-«B signaling pathway activation was dependent
on Nrf2 protein, Nrf2 signaling inhibitor ML385 was used
in vitro. Transfected A549 cells (NC shRNA or Poldip2 shRNA)
were pretreated with or without 5 tM ML385 for 1 h then incubation
with 10 pg/ml LPS for 12 h. As shown in Figures 5A-C, LPS challenge
dramatically decreased protein levels of Nrf2 and HO-1 as compared
to those in NC shRNA or Poldip2 shRNA group, while
administration of ML385 further enhanced these effects, suggesting
ML385 pretreatment could block Nrf2 signaling pathway. In addition
to that, the protein level of p-P65 significant increased under LPS
challenge were further upregulated by ML385 pretreatment (Figures
5A,D), suggesting that Nrf2 acted as an upstream regulator of p-P65
and its activation contributed to inhibit NF-«B signaling pathway.

Then, we evaluated whether LPS-induced
inflammatory cytokines generation were further enhanced by
ML385 pretreatment in A549 cells. As shown in Figures 5EF,
knockdown of Poldip2 remarkably suppressed generation of
TNF-a and IL-1B compared with those in NC shRNA + LPS
group. Importantly, compared to LPS-challenged groups,
pretreatment with ML385 further increased generation of TNF-a
and IL-1p. Collectively, these findings suggested that
ML385 attenuated the inhibition of Poldip2 knockdown in LPS-
induced NF-kB signaling pathway activation in A549 cells.

increase of

Discussion

In this study, we showed the beneficial effects of
Poldip2 knockdown against LPS-induced oxidative stress and
the resulting inflammation in mice and A549 cells via inhibiting
of Nox4/Nrf2/NF-kB signaling pathway. Pretreatment with
ML385 significantly reversed the of
Poldip2 knockdown in A549 cells.

It has been established that Poldip2 is emerging as a novel

inhibitory effects

therapeutic target for several inflammatory disorders (Forrester
et al,, 2019; Kikuchi et al., 2019). Recent evidence indicated that
Poldip2 deficiency attenuated pulmonary edema and vascular
inflammation in a LPS-induced ARDS mouse model via
inhibiting mitochondrial ROS production (Forrester et al., 2019).
Consistent with this data, our results suggested that LPS-induced
neutrophil infiltration and histopathological damage were markedly
alleviated in Poldip2 knockdown mice. Furthermore, it is widely
known that the recruitment of neutrophil generates MPO, which is
considered to be major pathogenic components in ALI (Chniguir
et al, 2019). Here, our data indicated that knockdown of
Poldip2 obviously decreased LPS-induced MPO production.
Invariably, NF-«kB activition is a crucial regulator of the stress
and immune responses, proliferation, inflammation, differentiation,
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and apoptosis (Oeckinghaus et al., 2011; Li et al,, 2021). A previous
study has indicated that phosphorylation of NF-kB P65 leaded to the
generation of TNF-a and IL-1B, and NF-«xB pathway inhibition was
proven to alleviate ALI (Huang et al., 2018). Herein, we found that
knockdown of Poldip2 effectively reduced protein levels of p-IKKa/
B, p-IxBa, and p-P65 but enhanced protein level of IkBa in ALI
mice, suggesting that the protective effects of Poldip2 knockdown in
alleviating LPS-induced inflammation may be in relation to NF-«xB
signaling inactivation. In addition, the generation of cytokines in
BALF is one of the hallmarks during ALI Our data also suggested
that levels of TNF-a and IL-1p in BALF were substantially inhibited
in Poldip2 knockdown mice compared with those in NC shRNA +
LPS mice. Taken together, the obtained results demonstrated that
the contribution of Poldip2 knockdown to LPS-induced lung
inflammation was at least associated with the downregulation of
neutrophil inflltration and cytokines production.

Numerous studies have implicated oxidative stress exerts an
important role in the development of ALI (Gao et al., 2020; Meng
et al,, 2021). Nox4-derived ROS leads to sustained oxidative stress
may be one important mechanism involved (Cui et al., 2018; Jiang
et al, 2020; Yu et al, 2020). Poldip2, a newly discovered
Nox4 enhancer protein, had attracted widespread attention (Lyle
etal,, 2009). Our previous study showed that Poldip2 interacted with
Nox4 and mediated oxidative stress and inflammation in LPS-
stimulated A549 and Beas-2B cells (Wang et al,, 2022), indicating
a plausible underlying mechanism of excessive oxidative stress
leading to cellular injury and that the molecular events are
associated  with  Poldip2.  Collectively, found that
Poldip2 knockdown attenuated the activation of LPS on
Nox4 protein level and NADPH oxidase activity in ALI mice.

In addition, excessive oxidative stress reflects an oxidant and

we

antioxidant imbalance in the organism (Sies, 2015). MDA, a product
of polyunsaturated fatty acids peroxidation, is commonly known as
an marker in evaluating the degree of oxidative stress (Tsikas, 2017).
While the antioxidant enzymes (SOD and GSH-Px) are known to
eliminate the toxic effects of superoxide radicals, their activities is
related to oxidative stress (SreeHarsha, 2020). Herein, we observed
that increased MDA content and reduced SOD and GSH-Px
activities in ALI mice were reversed by Poldip2 knockdown,
suggesting that knockdown of Poldip2 protects mice against
accelerated LPS-induced oxidative stress via enhancing
antioxidant enzymes expression and inhibiting lipid peroxidation.

Nuclear factor erythroid 2-related factor 2(Nrf2), a redox-
sensitive transcription factor involves in antioxidative and
cytoprotective pathways and is a primary target of many
diseases (Fiao et al, 2019; Liu et al, 2019; He et al, 2020).
Mounting studies indicated that Nrf2 pathway activation
effectively protected the lung tissues from oxidative stress and
inflammation under LPS stimulation (Lv et al., 2017; Huang et al.,
2020). As oxidative stress occurs, the Nrf2 activation contributes to
induction of antioxidant enzymes (SOD and GSH-Px) and its
downstream antioxidant protein (HO-1), which eventually exerts

antioxidant and protective functions under ALL Previously studies
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demonstrated that Nox restrained gastric aspiration-induced ALI
via a Nrf2-dependent mechanism (Davidson et al., 2013). In this
study, our study suggested that Nrf2 signaling pathway was
activated under LPS challenge in a time-dependent manner, it
decreased below the baseline at 24 h after LPS stimulation, similar
result has been found in HO-1 protein expression. Excessive
production of ROS under pathological conditions leaded to the
exhaustion of Nrf2 and reduced the expression of HO-1 confirmed
our observations, similar results have been observed in LPS-
induced ALI mice (Fei et al, 2019; Huang et al, 2019; Yang
et al, 2019). More importantly, we observed that knockdown of
Poldip2 effectively reversed LPS-induced inhibition of Nrf2 and
HO-1, suggesting that the protective effects exhibited by
Poldip2 knockdown against oxidative stress and the resulting
inflammation under LPS stimulation may associated with the
Nrf2 signaling pathway activation.

Furthermore, ALI is the clinical syndrome associated with
histopathological diffuse alveolar damage, and oxidative stress can
exaggerate disruption of alveolar cells (Gong et al., 2018). Based on
the above observations, our data further investigated the
underlying molecular mechanisms of Poldip2 knockdown on
oxidative stress and the resulting inflammation under LPS
stimulation in vitro. Herein, we constructed lentiviral vectors
expressing Poldip2 shRNA or NC shRNA and transfected into
A549 cells and incubated with LPS for 12 h. Consistent with our in
vivo studies, the results indicated that Poldip2 knockdown notably
inhibited Nox4/Nrf2/NF-B signaling pathway in A549 cells under
LPS-stimulation. Importantly, we also revealed that knockdown of
Poldip2 absolutely attenuated LPS-induced ROS production, and
TNF-a and IL-1P activation. In addition, we further explored
whether Poldip2 knockdown mediated inhibition of inflammatory
cytokines was dependent on the Nrf2 signaling pathway activation.
ML385, a small molecular Nrf2 inhibitor, which directly interacts
with Nrf2 protein and blocks its downstream genes expression
has been used (Qiu et al, 2020). Our results suggested that
ML385 pretreatment further enhanced LPS-induced NF-«xB
pathway activation and cytokines generation in A549 cells
transfected with Poldip2 shRNA. In line with our findings,
previously studies suggested that Nrf2 deficiency induced an
exacerbation of inflammation including sepsis and intestinal
ischemia/reperfusion induced ALI (Thimmulappa et al, 2006;
Yan et al,, 2018).

Conclusion

In  summary, our present study suggests that
Poldip2 knockdown is required to inhibit Nox4/Nrf2/NF-«kB
signaling pathway in LPS-induced ALI in mice and A549 cells.
Moreover, Poldip2 is crucial for regulating oxidative stress and the
resulting inflammation, and may be a new target for ALL

Frontiers in Pharmacology

10.3389/fphar.2022.958916

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further
inquiries can be directed to the corresponding author.

Ethics statement

The experimental protocols were approved by the Ethics of
Animal Care and Use of the First Affiliated Hospital of USTC.

Author contributions

KJ and YgW conceived and designed the study; YgW, WW,
and YW performed the experiments; YW and OC drafted the
manuscipt; YgW, YC, YW, XC, and WL analyzed the data; YgW,
SZ, and K] edited and revised the manuscript. KJ approved the

final manuscript.

Funding

This study was supported by the Doctoral Scientific Research
Foundation of the First Affiliated Hospital of USTC (No.
RC2021023).

Acknowledgments

We would like to sincerely thank Wenxiang Fang of the
Laboratory Animal Center of the First Affiliated Hospital of
USTC for valuable help in our experiment.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.958916

Wang et al.

References

Ahmad, A., Alkharfy, K. M,, Jan, B. L., Ahad, A., Ansari, M. A., Al-Jenoobij, F. I,
et al. (2020). Thymoquinone treatment modulates the Nrf2/HO-1 signaling
pathway and abrogates the inflammatory response in an animal model of lung
fibrosis. Exp. Lung Res. 46, 53-63. doi:10.1080/01902148.2020.1726529

Chen, L. Z,, Zhang, X. X,, Liu, M. M, Wu, J., Ma, D,, Diao, L. Z,, et al. (2021).
Discovery of novel pterostilbene-based derivatives as potent and orally active
NLRP3 inflammasome inhibitors with inflammatory activity for colitis. J. Med.
Chem. 2364 (18), 13633-13657. doi:10.1021/acs.jmedchem.1c01007

Chniguir, A., Zioud, F., Marzaioli, V., El-Benna, J., and Bachoual, R. (2019).
Syzygium  aromaticum aqueous extract inhibits human neutrophils
myeloperoxidase and protects mice from LPS-induced lung inflammation.
Pharm. Biol. 57, 56-64. doi:10.1080/13880209.2018.1557697

Cui, Y., Wang, Y., Li, G, Ma, W., Zhou, X. S, Wang, J., et al. (2018). The Nox1/
Nox4 inhibitor attenuates acute lung injury induced by ischemia-reperfusion in
mice. PLoS One 13, €0209444. doi:10.1371/journal.pone.0209444

Davidson, B. A. Vethanayagam, R. R, Grimm, M. J, Mullan, B. A,
Raghavendran, K., Blackwell, T. S, et al. (2013). NADPH oxidase and
Nrf2 regulate gastric aspiration-induced inflammation and acute lung injury.
J. Immunol. 190, 1714-1724. doi:10.4049/jimmunol.1202410

Fan, E,, Brodie, D., and Slutsky, A. S. (2018). Acute respiratory distress syndrome:
advances in diagnosis and treatment. JAMA 319, 698-710. doi:10.1001/jama.2017.21907

Fao, L., Mota, S. I, and Rego, A. C. (2019). Shaping the Nrf2-ARE-related
pathways in Alzheimer’s and Parkinson’s diseases. Ageing Res. Rev. 54, 100942.
doi:10.1016/j.arr.2019.100942

Fei, Y. X, Zhao, B,, Yin, Q. Y., Qiu, Y. Y., Ren, G. H,, Wang, B. W, et al. (2019). Ma xing
shi Gan decoction attenuates PM2.5 induced lung injury via inhibiting HMGB1/TLR4/nf?
b signal pathway in rat. Front. Pharmacol. 10, 1361. doi:10.3389/fphar.2019.01361

Fisher, A. B., Dodia, C., Chatterjee, S., and Feinstein, S. I. (2019). A peptide
inhibitor of NADPH oxidase (NOX2) activation markedly decreases mouse lung
injury and mortality following administration of lipopolysaccharide (LPS). Int.
J. Mol. Sci. 20, 2395. doi:10.3390/ijms20102395

Forrester, S. J., Xu, Q., Kikuchi, D. S., Okwan-Duodu, D., Campos, A. C,, Faidley,
E. A, et al. (2019). Poldip2 deficiency protects against lung edema and vascular
inflammation in a model of acute respiratory distress syndrome. Clin. Sci. 133,
321-334. doi:10.1042/CS.20180944

Gao, Z., Zhang, J. C,, Wei, L,, Yang, X. P, Zhang, Y., Cheng, B, et al. (2020). The
protective effects of imperatorin on acetaminophen overdose-induced acute liver
injury. Oxid. Med. Cell. Longev. 2020, 8026838. doi:10.1155/2020/8026838

Gong, Y. Q, Yu, Z. H,, Gao, Y., Deng, L. L., Wang, M., Chen, Y., et al. (2018).
FABP4 inhibitors suppress inflammation and oxidative stress in murine and cell
models of acute lung injury. Biochem. Biophys. Res. Commun. 496, 1115-1121.
doi:10.1016/j.bbrc.2018.01.150

He, F., Antonucci, L., and Karin, M. (2020). NRF2 as a regulator of cell metabolism and
inflammation in cancer. Carcinogenesis 41, 405-416. doi:10.1093/carcin/bgaa039

Huang, W. C,, Huang, M. C., Ouyang, H., Peng, J. W,, and Liang, J. (2018).
Oridonin inhibits vascular inflammation by blocking NF-kB and MAPK activation.
Eur. J. Pharmacol. 826, 133-139. doi:10.1016/j.ejphar.2018.02.044

Huang, X. T., Liu, W., Zhou, Y., Hao, C. X, Zhou, Y., Zhang, C. Y., et al. (2019).
Dihydroartemisinin attenuates lipopolysaccharide-induced acute lung injury in
mice by suppressing NF-kB signaling in an Nrf2-dependent manner. Int. J. Mol.
Med. 44, 2213-2222. doi:10.3892/ijmm.2019.4387

Huang, X. T,, Liu, W,, Zhou, Y., Sun, M., Yang, H., Zhang, C, et al. (2020).
Galectin-1 ameliorates lipopolysaccharide-induced acute lung injury via AMPK-
Nrf2 pathway in mice. Free Radic. Biol. Med. 146, 222-233. doi:10.1016/j.
freeradbiomed.2019.11.011

Jarman, E. R, Khambata, V. S., Cope, C., Jones, P., Roger, J., Ye, L. Y., et al. (2014). An
inhibitor of NADPH oxidase-4 attenuates established pulmonary fibrosis in a rodent
disease model. Am. J. Respir. Cell Mol. Biol. 50, 158-169. doi:10.1165/rcmb.2013-01740C

Jiang, J. Y., Huang, K, Xu, S. Q, Garcia, J. G. N,, Wang, C,, and Cai, H. (2020).
Targeting NOX4 alleviates sepsis-induced acute lung injury via attenuation of redox-
sensitive activation of CaMKII/ERK1/2/MLCK and endothelial cell barrier dysfunction.
Redox Biol. 36, 101638. doi:10.1016/j.redox.2020.101638

Kikuchi, D. S, Campos, A. C. P., Qu, H. Y., Forrester, S. J., Pagano, R. L., Lasségue, B.,
et al. (2019). Poldip2 mediates blood-brain barrier disruption in a model of sepsis-
associated encephalopathy. J. Neuroinflammation 16 (1), 241. doi:10.1186/s12974-019-
1575-4

Kurosaki, F., Uchibori, R., Sehara, Y., Saga, Y., Urabe, M., Mizukami, H., et al.
(2018). AAV6-mediated IL-10 expression in the lung ameliorates bleomycin
induced pulmonary fibrosis in mice. Hum. Gene Ther. 29, 1242-1251. doi:10.
1089/hum.2018.024

Frontiers in Pharmacology

10.3389/fphar.2022.958916

Li, C. Y., Sheng, M. W,, Lin, Y. B, Xu, D. W, Tian, Y. Z,, Zhan, Y. Q,, et al. (2021).
Functional crosstalk between myeloid Foxol-B-catenin axis and Hedgehog/
Glil signaling in oxidative stress response. Cell Death Differ. 28 (5), 1705-1719.
doi:10.1038/s41418-020-00695-7

Ling, X,, Wen, M,, Xiao, Z. Z, Luo, Z. W., Zhuang, J. W,, Li, Q. Q, et al. (2020).
Lymphotoxin beta receptor is associated with regulation of microRNAs expression and
nuclear factor-kappa B activation in lipopolysaccharides (LPS)-stimulated vascular
smooth muscle cells. Ann. Palliat. Med. 9, 805-815. doi:10.21037/apm.2020.03.20

Liu, M. H,, Lin, A. H,, Lee, H. F,, Ko, H. K,, Lee, T. S., and Kou, Y. R. (2014). Paeonol
attenuates cigarette smoke-induced lung inflammation by inhibiting ROS-sensitive
inflammatory signaling. Mediat. Inflamm. 2014, 651890. doi:10.1155/2014/651890

Liu, Q., Gao, Y., and Ci, X. (2019). Role of Nrf2 and its activators in respiratory
diseases. Oxid. Med. Cell. Longev. 2019, 7090534. doi:10.1155/2019/7090534

Lv, H. M,, Liu, Q. M., Wen, Z. M., Feng, H. H., Deng, X. M., and Ci, X. X. (2017).
Xanthohumol ameliorates lipopolysaccharide (LPS)-induced acute lung injury via
induction of AMPK/GSK3p- Nrf2 signal axis. Redox Biol. 12, 311-324. doi:10.1016/
j.redox.2017.03.001

Lyle, A. N,, Deshpande, N. N., Taniyama, Y., Seidel-Rogol, B., Pounkova, L., Du,
P. F., et al. (2009). Poldip2, a novel regulator of Nox4 and cytoskeletal integrity in
vascular smooth muscle cells. Circ. Res. 105, 249-259. doi:10.1161/CIRCRESAHA.
109.193722

McCracken, J. M., Balaji, S., Keswani, S. G., and Hakim, J. C. E. (2020). An avant-
garde model of injury-induced regenerative vaginal wound healing. Adv. Wound
Care 10 (4), 165-173. d0i:10.1089/wound.2020.1198

Meng, J., Deng, K., Hu, N., and Wang, H. L. (2021). Nitraria tangutorum Bobr.-
derived polysaccharides protect against LPS-induced lung injury. Int. J. Biol.
Macromol. 186, 71-78. doi:10.1016/j.ijbiomac.2021.06.181

Oeckinghaus, A., Hayden, M. S., and Ghosh, S. (2011). Crosstalk in NF-«xB
signaling pathways. Nat. Immunol. 12, 695-708. doi:10.1038/ni.2065

Qiu, Y. B, Wan, B. B, Liu, G,, Wu, Y. X,, Chen, D,, Lu, M. D,, et al. (2020).
Nrf2 protects against seawater drowning-induced acute lung injury via inhibiting
ferroptosis. Respir. Res. 21 (1), 232. doi:10.1186/s12931-020-01500-2

Sies, H. (2015). Oxidative stress: a concept in redox biology and medicine. Redox
Biol. 4, 180-183. doi:10.1016/j.redox.2015.01.002

SreeHarsha, N. (2020). Embelin impact on paraquat-induced lung injury through
suppressing oxidative stress, inflammatory cascade, and MAPK/NF-kB signaling
pathway. J. Biochem. Mol. Toxicol. 34 (4), e22456. doi:10.1002/jbt.22456

Sun, H. Y, Pang, Y. M., Zhao, D., and Li, W. Y. (2021). Structured triglyceride
attenuates lung injury and inflammation in lipopolysaccharide-induced acute lung
injury by enhancing GPR120 expression. Mol. Med. Rep. 23 (6), 459-470. doi:10.
3892/mmr.2021.12098

Thimmulappa, R. K, Lee, H., Rangasamy, T., Reddy, S. P., Yamamoto, M., Kensler, T.
W., et al. (2006). Nrf2 is a critical regulator of the innate immune response and survival
during experimental sepsis. J. Clin. Invest. 116, 984-995. doi:10.1172/JCI125790

Tsikas, D. (2017). Assessment of lipid peroxidation by measuring
malondialdehyde (MDA) and relatives in biological samples: Analytical and
biological challenges. Anal. Biochem. 524, 13-30. doi:10.1016/j.ab.2016.10.021

Tu, G. W,, Ju, M. ], Zheng, Y. J., Hao, G. W., Ma, G. G., Hou, J. Y., et al. (2019).
CXCL16/CXCR6 is involved in LPS-induced acute lung injury via P38 signalling.
J. Cell. Mol. Med. 23, 5380-5389. doi:10.1111/jcmm.14419

Wang, Y. G, Ding, Z. X,, Tu, Y. H,, Wu, X,, Zhang, W. Y., Ji, S,, et al. (2022).
Poldip2/Nox4 mediates lipopolysaccharide-induced oxidative stress and
inflammation in human lung epithelial cells. Mediat. Inflamm. 2022, 6666022.
doi:10.1155/2022/6666022

Yan, ], Li, J. ], Zhang, L., Sun, Y., Jiang, J., Huang, Y., et al. (2018). Nrf2 protects
against acute lung injury and inflammation by modulating TLR4 and Akt signaling.
Free Radic. Biol. Med. 121, 78-85. doi:10.1016/j.freeradbiomed.2018.04.557

Yang, H. H., Lv, H. M, Li, H. J,, Ci, X. X, and Peng, L. P. (2019). Oridonin
protects LPS-induced acute lung injury by modulating Nrf2-mediated
oxidative stress and Nrf2-independent NLRP3 and NF-kB pathways. Cell
Commun. Signal. 17 (1), 62. doi:10.1186/512964-019-0366-y

Yao, H, Sun, J. Y., Wei, J,, Zhang, X,, Chen, B,, and Lin, Y. J. (2020). Kaempferol
protects blood vessels from damage induced by oxidative stress and inflammation in
association with the Nrf2/HO-1 signaling pathway. Front. Pharmacol. 11, 1118. doi:10.
3389/fphar.2020.01118

Yu, W. Y, Li, L, Wu, F, Zhang, H. H,, Fang, ], Zhong, Y. S, et al. (2020). Moslea Herba
flavonoids alleviated influenza A virus-induced pulmonary endothelial barrier disruption
via suppressing NOX4/NF-kB/MLCK pathway. J. Ethnopharmacol. 253, 112641. doi:10.
1016/jjep.2020.112641

frontiersin.org


https://doi.org/10.1080/01902148.2020.1726529
https://doi.org/10.1021/acs.jmedchem.1c01007
https://doi.org/10.1080/13880209.2018.1557697
https://doi.org/10.1371/journal.pone.0209444
https://doi.org/10.4049/jimmunol.1202410
https://doi.org/10.1001/jama.2017.21907
https://doi.org/10.1016/j.arr.2019.100942
https://doi.org/10.3389/fphar.2019.01361
https://doi.org/10.3390/ijms20102395
https://doi.org/10.1042/CS.20180944
https://doi.org/10.1155/2020/8026838
https://doi.org/10.1016/j.bbrc.2018.01.150
https://doi.org/10.1093/carcin/bgaa039
https://doi.org/10.1016/j.ejphar.2018.02.044
https://doi.org/10.3892/ijmm.2019.4387
https://doi.org/10.1016/j.freeradbiomed.2019.11.011
https://doi.org/10.1016/j.freeradbiomed.2019.11.011
https://doi.org/10.1165/rcmb.2013-0174OC
https://doi.org/10.1016/j.redox.2020.101638
https://doi.org/10.1186/s12974-019-1575-4
https://doi.org/10.1186/s12974-019-1575-4
https://doi.org/10.1089/hum.2018.024
https://doi.org/10.1089/hum.2018.024
https://doi.org/10.1038/s41418-020-00695-7
https://doi.org/10.21037/apm.2020.03.20
https://doi.org/10.1155/2014/651890
https://doi.org/10.1155/2019/7090534
https://doi.org/10.1016/j.redox.2017.03.001
https://doi.org/10.1016/j.redox.2017.03.001
https://doi.org/10.1161/CIRCRESAHA.109.193722
https://doi.org/10.1161/CIRCRESAHA.109.193722
https://doi.org/10.1089/wound.2020.1198
https://doi.org/10.1016/j.ijbiomac.2021.06.181
https://doi.org/10.1038/ni.2065
https://doi.org/10.1186/s12931-020-01500-2
https://doi.org/10.1016/j.redox.2015.01.002
https://doi.org/10.1002/jbt.22456
https://doi.org/10.3892/mmr.2021.12098
https://doi.org/10.3892/mmr.2021.12098
https://doi.org/10.1172/JCI25790
https://doi.org/10.1016/j.ab.2016.10.021
https://doi.org/10.1111/jcmm.14419
https://doi.org/10.1155/2022/6666022
https://doi.org/10.1016/j.freeradbiomed.2018.04.557
https://doi.org/10.1186/s12964-019-0366-y
https://doi.org/10.3389/fphar.2020.01118
https://doi.org/10.3389/fphar.2020.01118
https://doi.org/10.1016/j.jep.2020.112641
https://doi.org/10.1016/j.jep.2020.112641
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.958916

	Poldip2 knockdown protects against lipopolysaccharide-induced acute lung injury via Nox4/Nrf2/NF-κB signaling pathway
	Highlights
	Introduction
	Materials and methods
	Reagents and chemical
	Establishment of mice models
	Lung histology and pathological score
	Determination of inflammatory cytokines
	Detection of lung tissues NADPH enzymatic activity
	Determination of malondialdehyde, superoxide dismutase, glutathione peroxidase and myeloperoxidase
	A549 cells culture and RNA interference
	Determination of ROS in A549 cells
	Immunofluorescence
	Immunohistochemistry
	Western blot analysis
	Statistical analysis

	Result
	Poldip2 knockdown alleviates lipopolysaccharide-induced lung inflammation in acute lung injury mice
	Poldip2 knockdown ameliorates lipopolysaccharide-induced oxidative stress in acute lung injury mice
	Poldip2 knockdown attenuates lipopolysaccharide-induced acute lung injury through Nrf2 Signaling pathway activation
	Poldip2 knockdown inhibits lipopolysaccharide-induced oxidative stress and inflammation in a549 cells
	The Nrf2 inhibitor ML385 attenuates the inhibitory action of Poldip2 knockdown in lipopolysaccharide-stimulated A549 cells

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


