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Background: Acute lung injury (ALI) is a common inflammatory disease of the lung. This study aimed to 
investigate the effect of 3-phosphoinositide-dependent kinase 1 (PDK1) interference on the levels of fibrosis 
and proinflammatory factors in lipopolysaccharide (LPS)-induced ALI and discuss the relevant mechanism.
Methods: An ALI model was established by intravenous injection of LPS treatment. A total of 24 Sprague-
Dawley (SD) rats were randomly divided into 4 groups: sham group; ALI group; ALI + shRNA-NC 
group; and ALI + PDK1-shRNA group. Lung injury score, minute ventilation, lung volume, and airway 
resistance were used to evaluate lung function injury. Reverse transcription-polymerase chain reaction (RT-
PCR) was used to detect PDK1 messenger RNA (mRNA) level. Western blot was performed to detect 
expression levels of PDK1, transforming growth factor-β (TGF-β), α-smooth muscle actin (α-SMA), toll-like 
receptor 4 (TLR4), p65, and myeloid differentiation primary response gene 88 (MyD88). The contents of 
interleukin-6 (IL-6), inducible nitric oxide synthase (iNOS), tumor necrosis factor-α (TNF-α), and monocyte 
chemoattractant protein-1 (MCP-1) were detected by enzyme-linked immunosorbent assay (ELISA). The 
pathological changes and fibrosis of lung tissues were estimated by hematoxylin and eosin (H&E) and 
Masson staining. 
Results: The results revealed that high lung injury score, low minute ventilation, low lung volume, and 
small airway resistance were present in the ALI group. Likewise, severe histopathological damage and 
fibrosis were apparent in the ALI group. Otherwise, contents of TNF-α, iNOS, IL-6, MCP-1, and levels of 
α-SMA, TGF-β, TLR4, phosphorylated (p)-p65, and MyD88 were enhanced in the ALI group. Interestingly, 
pathological changes and fibrosis were improved significantly in the ALI + PDK1-shRNA group. Besides, 
knockdown of PDK1 reduced lung injury score and enhanced minute ventilation, lung volume, and airway 
resistance. Moreover, knockdown of PDK1 decreased the contents of TNF-α, iNOS, IL-6, MCP-1, and 
levels of TGF-β, α-SMA, TLR4, p-p65, and MyD88.
Conclusions: Knockdown of PDK1 protects LPS-induced ALI via attenuating activation of the nuclear 
factor-κB (NF-κB)/p65 pathway.
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Introduction

Acute lung injury (ALI) is a common inflammatory disease 
of the lung that causes hypoxemia, edema, and respiratory 
failure (1). The histological characteristics of ALI are 
hemorrhage, diffuse inflammatory alveolar infiltration, 
hyaline membrane formation, and pulmonary edema (2,3). 
The results of epidemiologic studies have suggested that 
ALI is still a challenge for clinicians and the global public 
health system (4). Although numerous therapeutic methods 
have been adopted to ameliorate the functional prognosis, 
the mortality of ALI is still very high (5,6). Thus, it is 
necessary to confirm the pathogenesis of ALI and explore 
new therapeutic strategies. 

Lipopolysaccharide (LPS), the main component of 
the outer membranes of gram-negative bacteria, is a 
proven inducer of ALI (7). In this process, LPS activates 
neutrophils and nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase to generate oxygen free 
radicals, which eventually leads to ALI (8). Hence, 
understanding the underlying mechanism of LPS-induced 
inflammatory injury is crucial for the development of new 
therapeutic strategies for ALI (9,10). Induction of LPS has 
been widely considered an effective strategy to establish 
ALI animal models by inducing inflammation (11,12).

The 3-phosphoinositide dependent protein kinase-1 
(PDK1) is a major regulatory protein kinase and a member 
of A, G, C (AGC) protein kinase families (13). It has been 
found that PDK1 is an upstream activator, which can 
activate multiple downstream effectors and can be involved 
in the development of a variety of diseases and cancer (14). 
Studies have shown that PDK1 activity is closely related 
to the occurrence and development of inflammatory 
responses, and inhibition of PDK1 can suppress systemic 
inflammation (15). 

Nuclear factor-κB (NF-κB) is a critical transcription 
factor located downstream of the Toll-like receptor 
signaling pathway. Activated IκBα is phosphorylated and 
degraded, causing NF-κB/p65 displacement to the nucleus 
to bind inflammation-related genes, thereby stimulating 
the release of pro-inflammatory mediators (16). A series 
of studies have shown that NF-κB is involved in LPS-
induced ALI (17,18). During the process, NF-κB activation 
is mainly related to the production of inflammatory factors 
such as tumor necrosis factor-α (TNF-α), interleukin (IL)-6, 
and IL-1β (18,19).

In the present study, we discussed the effects of PDK1 
inhibition on the levels of fibrosis and inflammation in an 

LPS-induced ALI rat model. In addition, the relationship 
between PDK1 interference and NF-κB/p56 in ALI was 
discussed. We present the following article in accordance 
with the ARRIVE reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-5476).

Methods

Reagents and rats 

We purchased LPS from Sigma-Aldrich (Escherichia 
coli 055:B5; Sigma-Aldrich, St. Louis, MO, USA); short 
hairpin RNA (shRNA)-NC and PDK1-shRNA were 
produced by RiboBiotech (Ribo-Bio, Guangzhou, China). 
Additionally, we purchased Weigert’s iron hematoxylin 
working solution (solution A), Biebrich scarlet-acid fuchsin 
solution (solution B), phosphomolybdic-phosphotungstic 
acid solution (solution C), aniline blue solution (solution D),  
and acetic acid solution (solution E) from Xinbosheng 
Biotechnology Co., Ltd. (Shenzhen, China). The enzyme-
linked immunosorbent assay (ELISA) kit was obtained 
from eBioscience (San Diego, CA, USA). Sprague-Dawley 
(SD) rats (6–8 weeks, 250–300 g) were obtained from the 
Animal Experiment Center of Sichuan University (Chengdu, 
China), and were allowed free access to food and water.

Animal experiments

The ALI was induced by LPS treatment as previously 
described (20). Rats were randomly allocated to 4 groups 
(with 6 in each group): sham group: intratracheally 
insti l led with 3 mg/kg normal saline; ALI group: 
intratracheally instilled with 3 mg/kg LPS; ALI + shRNA-
NC group: intratracheally instilled with 3 mg/kg LPS + 
8 mg/kg shRNA-NC; and ALI + PDK1-shRNA group: 
intratracheally instilled with 3 mg/kg LPS + 8 mg/kg  
PDK1-shRNA (pre-treatment  dose) .  After  48 h, 
animals were anesthetized by intraperitoneal injection 
of pentobarbital sodium (50 mg/kg) and euthanized by 
bloodletting. Bronchoalveolar lavage (BAL) fluid was 
collected to detect the levels of inflammatory cytokines. 
Lung tissue was separately harvested and stored at −80 ℃  
for the following experiments. Serum samples were 
collected from the main artery of each rat and plasma was 
isolated by centrifugation (12,000 ×g, 12 min) and stored at 
−80 ℃.

Animal experiments were conducted according to the 
declaration of the Guide for the Care and Use of Laboratory 
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Animals (2011) and approved by the ethics committee of 
Heilongjiang University of traditional Chinese Medicine 
(No. 2020136). A protocol was prepared before the study 
without registration.

Reverse transcription-polymerase chain reaction (RT-PCR)

Before RT, Total RNA of lung tissues was extracted by 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) to prepare 
complementary DNA (cDNA; PrimeScript RT reagent Kit 
with gDNA Eraser; Takara Bio., Kusatsu, Shiga, Japan). 
The real-time PCR analysis of cDNA was operated by ABI 
Q3 and a SYBR Prime Script RT Reagent Kit (Takara). 
All quantitative analyses were made in triplicate and 
standardized as β-actin. The 2−△△ct method was utilized to 
analyze the relative expression. 

PDK1 sequence: forward 5'-TCAACGACCACTTTGTCAAG
CTCAGCT-3', reverse 5'-GGTGGTCCAGGGGTCTTAC-3'; 

β-actin sequence: forward 5'-CGTCATACTCCTGCTTGCTG-3', 
reverse 5'-GTACGCCAACACAGTGCTG-3'.

Lung function test
Lung function injury indexes were estimated according to 
the previous report (21). The indexes included lung injury 
score, minute ventilation (mL/kg), lung volume (mL) 
and airway resistance. The score of lung injury (including 
hemorrhage, inflammation, and edema) was graded on the 
following scale: 0= normal, 1= light, 2= moderate, 3= strong, 
and 4= severe. Scoring was performed by pathologists who 
were blinded to the experiment. The final score was taken 
as the average of each group.

Histopathology
Hematoxylin and eosin (H&E): lung tissues were fixed 
in 4% (v/v) paraformaldehyde and embedded in paraffin. 
The embedded tissues were cut into 4 μm thicknesses and 
stained with H&E solution (Sigma-Aldrich, USA). Finally, 
the sections were observed using a microscope.

Masson: Sections were created as in the H&E staining 
process. Then, the sections were stained in solution A for 
10 min and washed with distilled water, followed by staining 
in solution B for 10 min and washing with distilled water. 
Next, they were differentiated in solution C for 10 min and 
placed into solution D for 5 min. After rinsing in distilled 
water, the sections were differentiated in 1% solution E for 
2 min and washed with distilled water. After dehydrating in 
95% and absolute ethyl alcohol, the sections were cleared in 
xylene. Ultimately, the sections were mounted with resinous 

mounting medium for observation.

ELISA
Levels of inducible nitric oxide synthase (iNOS), IL-6,  
monocyte chemoattractant protein-1 (MCP-1), and 
TNF-α in BAL were detected by ELISA. The operation 
processes were conducted according to the manufacturer’s 
instructions.

Western blot analysis

Total protein (20 µg) was extracted from lung homogenates 
and detected with bicinchoninic acid (BCA) kit. According 
to the molecular weight of target protein, the total protein 
in each sample was loaded into 6–12% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and then transferred to polyvinylidene difluoride (PVDF) 
membranes. Next, the membranes were blocked with 5% 
skimmed milk and incubated with the primary antibodies 
overnight at 4 ℃. The next day, membranes were washed 
with Tris-buffered saline with Tween 20 (TBST) 3 times 
and then incubated with goat anti rabbit IgG horseradish 
peroxidase (HRP) secondary antibodies for 1 h at room 
temperature, followed by washing with TBST 3 times. 
Antibodies of the following proteins were used: anti-
transforming growth factor-β (anti-TGF-β), anti-α-smooth 
muscle actin (anti-α-SMA), anti-IL-6, anti-iNOS, anti-toll-
like receptor 4 (anti-TLR4), anti-myeloid differentiation 
primary response gene 88 (anti-MyD88), anti-p65, anti-
phosphorylated-p65 (p-p65), and anti-PDK1. The 
above antibodies were all purchased from Cell Signaling 
Technology (CST; Danvers, MA, USA).

Statistical analysis 

Analyses were performed using SPSS 22.0 (IBM Corp., 
Chicago, IL, USA). Analysis of variance (ANOVA) or 
Students t-tests were performed to assess statistical 
significance, as indicated. Data were presented as the mean 
± standard deviation (SD). 

Results

Construction of PDK1 knockdown model

As shown in Figure 1A,1B, PDK1 expression level changed 
with LPS treatment time in rats. The PDK1 expression 
level reached the maximum at 6 h. To investigate the 
effect of PDK1 silence on LPS-induced rats, RT-PCR and 



Yang et al. The role of PDK1 in acute lung injury

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(22):1671 | https://dx.doi.org/10.21037/atm-21-5476

Page 4 of 11

western blot (WB) assay were respectively used to detect 
messenger RNA (mRNA) level of PDK1 and protein level 
of PDK1 in vivo. From Figure 1C,1D, compared with the 
sham group, the mRNA level and protein level of PDK1 
were significantly enhanced in ALI model rats, while PDK1 
knockdown significantly decreased these trends. These 
results demonstrated that the ALI model group and PDK1 
silence group had been successfully established.

Effect of PDK1 knockdown on lung function of rats in each 
group

To investigate the effect of PDK1 knockdown on 
pulmonary function of rats，the level of lung injury 
score, minute ventilation (mL/kg), lung volume (mL) and 
airway resistance were detected. As shown in Figure 2A, 
lung injury score increased significantly in ALI model rats 
compared with the sham group; fortunately, this adverse 
effect was reversed in the ALI + PDK1-shRNA group. As 

shown in Figure 2B-2D, minute ventilation, lung volume, 
and airway resistance decreased significantly in ALI model 
rats compared with the sham group, while knockdown of 
PDK1 significantly reversed these adverse effects. These 
data suggested that knockdown of PDK1 could avoid lung 
function damage to a certain extent.

Effect of PDK1 knockdown on lung pathological damage 
and inflammatory response

Pathological damage of the lung was determined by 
H&E staining. The images of H&E staining revealed the 
microscopic appearance of the lung in each group. As shown 
in Figure 3A, the sham group displayed normal alveoli with 
intact tissue architecture. Alveolar damage with lymphocyte 
infiltration was shown in LPS-induced model group, 
along with marked chronic inflammation and fibroblast 
proliferation. However, PDK1 knockdown relieved these 
abnormal phenomena. Myeloperoxidase (MPO) is the 

Figure 1 PDK1 expression in rats of each group. (A) The effect of LPS treatment time on the relative mRNA level of PDK1; (B) the effect 
of LPS treatment time on the relative protein level of PDK1; (C) relative mRNA level of PDK1 in 4 groups; (D) relative protein level of 
PDK1 in 4 groups. *, P<0.05 vs. the sham group; #, P<0.05 vs. ALI model group. PDK1, 3-phosphoinositide-dependent kinase 1; LPS, 
lipopolysaccharide; mRNA, messenger RNA; ALI, acute lung injury.
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main component of neutrophil cytoplasmic granules, and 
MPO activity in lung tissue is evaluated as an indicator of 
lung neutrophil accumulation (22). As shown in Figure 3B, 
compared with the sham group, the activity of MPO in 
lung tissue of the model group was significantly increased. 
Compared with the model group, PDK1 knockdown 
significantly reduced the activity of MPO in lung tissue of 
the rats. In order to reveal the effect of PDK1 knockdown 
on the inflammatory response of LPS-induced ALI model, 
the levels of pro-inflammatory factors IL-6, iNOS, TNF-α, 
and MCP-1 were detected by ELISA. Compared with 
the sham group, the levels of IL-6, iNOS, TNF-α, and 
MCP-1, IL-4 and IL-10 were significantly enhanced in 
the blood of LPS-induced ALI model group. In the ALI + 
PDK1-shRNA group, knockdown of PDK1 reversed these 
abnormal phenomena (Figure 3C-3H). These data suggested 
that knockdown of PDK1 exerted and anti-inflammatory 
effect on LPS-induced inflammatory response.

Antifibrosis effects of PDK1 knockdown in LPS-induced 
ALI model 

In order to reveal the effect of PDK1 knockdown on fibrosis 
of LPS-induced ALI model, we performed Masson staining 
and detected the expression of tissue fibrosis-related index 

proteins. The results of Masson staining revealed severe 
collagen deposition and fibrotic lesions in the LPS-induced 
model group compared with the sham group; however, 
PDK1 silence reduced these damages (Figure 4A). The 
protein level of α-SMA and TGF-β were detected by 
western blot analysis. As shown in Figure 4B, the protein 
level of α-SMA and TGF-β increased markedly in the 
LPS-induced ALI model group, while PDK1 knockdown 
decreased their protein levels. Hence, we inferred that 
knockdown of PDK1 improved lung tissue fibrosis.

Effects of PDK1 knockdown on NF-κB/p65 phosphorylation 
in LPS-induced ALI model 

In order to further explore the effect of PDK1 knockdown 
on ALI model rats, relative protein levels of NF-κB 
p-p65 was detected. According to the results of WB assay, 
compared with the sham group, TLR4, MyD88, and p-p65 
were activated in ALI group, while PDK1 knockdown 
reversed these effects (Figure 5A). These results suggested 
that PDK1 knockdown could inhibit the TLR4/MyD88/
NF-κB p65 signaling pathway. We inferred that the NF-κB  
p65 signaling pathway was involved in LPS-induced 
proinflammatory cytokine levels and pulmonary fibrosis 
in the ALI model. To make the results more credible, we 

Figure 2 Effect of PDK1 silencing on lung function of rats in each group. (A) Lung injury score; (B) minute ventilation (mL/kg); (C) lung 
volume (mL); (D) airway resistance. *, P<0.05 vs. the sham group; #, P<0.05 vs. ALI model group. PDK1, 3-phosphoinositide-dependent 
kinase 1; LPS, lipopolysaccharide; mRNA, messenger RNA; ALI, acute lung injury.
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conducted rescue experiments using asatone, the activator 
of NF-κB p65. As shown in Figure 5B, compared with 
the control group, asatone promoted phosphorylation 
of p65, while PDK1 knockdown could partially offset 
the effect of asatone and inhibit the phosphorylation of 
p65. Consistently, the addition of asatone aggravated 
lung function damage (Figure 5C,5D), promoted lung 
fibrosis (Figure 5E,5F), and increased lung inflammation  
(Figure 5G,5H). However, PDK1 knockdown could partially 
alleviate these negative effects (Figure 5C-5H). These results 
suggested that PDK1 knockdown attenuates LPS-induced 
proinflammatory cytokine levels and pulmonary fibrosis by 
inhibiting the NF-κB p65 signaling pathway.

Discussion

Despite its common occurrence, ALI is a complicated 

inflammatory lung disease (23). Over the past decade, 
some progress has been made and several therapeutic 
strategies have been developed. Nevertheless, the mortality 
is still very high, reaching up to a third of cases, and 
a number of patients have complications due to long-
term hypoxia, such as brain injury. In this study, we have 
discussed the effects of PDK1 interference on the levels 
of fibrosis and proinflammatory factors in ALI and the 
relationship between PDK1 interference and NF-κB/
p56 in ALI. Our finding were as follows: (I) in vivo PDK1 
interference partially reduced severe damage indexes and 
alleviated fibrosis in ALI; (II) PDK1 reduced high levels of 
proinflammatory factors, such as IL-6, iNOS, TNF-α, and 
MCP-1; and (III) PDK1 interference suppressed NF-κB/
p65 pathway activation.

As a kind of regulatory protein kinase, PDK1 has been 
shown to be involved in the development of a variety of 

Figure 3 Anti-inflammatory effects of PDK1 silencing in LPS-induced ALI model. (A) Representative pictures of H&E staining (×200); 
(B) the content of MPO in four groups; (C-F) the concentrations of TNF-α, iNOS, IL-6, MCP-1 in 4 groups; (G,H) relative protein level 
of IL-6 and iNOS. *, P<0.05 vs. the sham group; #, P<0.05 vs. ALI model group. PDK1, 3-phosphoinositide-dependent kinase 1; LPS, 
lipopolysaccharide; mRNA, messenger RNA; ALI, acute lung injury; MPO, myeloperoxidase; TNF-α, tumor necrosis factor-α; iNOS, 
inducible nitric oxide synthase; IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1.
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diseases (14,15,24). Maurer et al. reported that PDK1 is 
overexpressed in abundant breast neoplastic lesions (24). 
Tao et al. found that PDK1 was involved in the process of 
ALI (25). It is well known that the rat model of ALI induced 
by LPS is considered a better ALI model. In our study, the 
expression levels of PDK1, whether mRNA level or protein 
level, were all enhanced by LPS treatment. Similarly, in 
our study, we found that PDK1 was overexpressed in ALI 
model rats. Minute ventilation and lung injury score are 
important indexes in the process of assessing lung injury 
(26,27). In our study, lung injury score was enhanced, 
otherwise, minute ventilation, airway resistance, and lung 
volume were decreased in ALI model rats. We also found 
that the pathological damage and fibrosis of lung tissue 
were aggravated in ALI model rats. Fortunately, PDK1 
interference not only reduced lung injury score, but also 
enhanced minute ventilation, airway resistance, and lung 
volume. Additionally, we found that PDK1 interference 
alleviated pathological damage and fibrosis of lung tissue. 
The researchers found that ALI can simultaneously induce 
edema formation, alveolar capillary membrane damage, and 
alveolar capillary membrane repair, accompanied by varying 

degrees of fibrosis (28-31). It is worth noting that several 
cytokines were shown to participate in these processes and 
play key roles, including TGF-β1 and α-SMA induced by 
TGF-β1 (32,33).

The cytokine TGF-β is extensively involved in the 
development of fibrosis in different organs and its 
role in the development of ALI had been previously  
reported (34). In our article, the data indicated that TGF-β 
and α-SMA were overexpressed in lung tissues of ALI rats, 
whereas PDK1 interference decreased the levels of α-SMA 
and TGF-β. Pulmonary fibrosis is an irreversible lung 
disease (35), and abnormally activated myofibroblasts are 
the major pathological factors in progressive pulmonary 
fibrosis, promoting the initiation and progression of 
fibrosis (36). It has been demonstrated that myofibroblasts 
recruit inflammatory cells through the secretion of various 
cytokines, leading to the aggravation of inflammation 
(35,37). HIF-1α play a key role in the progression of fibrosis 
in various organs, including the lung (38). It has been 
reported that PDK-1 is a direct target gene of HIF-1α, and 
that PDK-1 induction is a critical metabolic switch adapted 
to cellular hypoxia by increasing glycolysis and inhibition 

Figure 4 Anti-fibrosis effects of PDK1 silence in LPS-induced ALI model. (A) Representative pictures of Masson staining (×200); (B) typical 
pictures of western blot assay and relative protein level of α-SMA and TGF-β in 4 groups. *, P<0.05 vs. the sham group; #, P<0.05 vs. ALI 
model group. PDK1, 3-phosphoinositide-dependent kinase 1; LPS, lipopolysaccharide; ALI, acute lung injury; TGF-β, transforming growth 
factor-β; α-SMA, α-smooth muscle actin.
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of mitochondrial respiration (39). In the process of tissue 
injury and inflammation, the accumulation of hypoxia 
regions leads to HIF-1-mediated anaerobic glycolysis, and 
further provides the necessary metabolic reprogramming 
for the survival of hypoxic cells. TGF-β induces the 
phosphorylation of the SMAD protein, thereby stimulating 
myofibroblast differentiation and transcription factor 
activation (40,41). Goodwin et al. reported that hypoxia 
can significantly enhance TGF-β-induced myofibroblast 
differentiation through HIF-1α and overexpression of 
PDK1 can sensitize glycolysis and enhance myofibroblast 
differentiation, and pharmacological inhibition of PDK1 
effectively attenuated bleomycin-induced pulmonary 
fibrosis (42). Combined with previous studies, these findings 
suggested that knockdown of PDK1 protects fibrosis in 
LPS-induced ALI via regulating TGF-β. 

Nguyen et al. reported that miRNA-193a targets 
TGF-β-2 directly and further attenuates the production of 
inflammatory factors IL-6, TNF-α, and IL-1β induced by 
LPS through ERK activation (43). In the present study, the 
content of proinflammatory factors IL-6, MCP-1, TNF-α, 
and iNOS were remarkably enhanced in LPS-induced 
ALI model rats; however, they were all decreased in the 
ALI + PDK1-shRNA group. It is well known that TLR4, 
MyD88, and NF-κB are common signal pathways regulating 
inflammation. Zhang et al. found that resveratrol can inhibit 
the production of inflammatory cytokines by regulating 
the TLR4, MyD88, and NF-κB signaling pathways (44). 
According to their report, mycetia cauliflora methanol 
extract targeted PDK1 to downregulate the expression 
of iNOS, inhibit the nuclear translocation of p65 and the 
phosphorylation of IκBα, IKK, and AKT in mice with LPS-

Figure 5 Effects of PDK1 silence on NF-kB p65 phosphorylation in LPS-induced ALI model. (A) Representative pictures of western 
blot assay and relative protein levels of TLR4, MyD88 and p-p65/p65; (B) representative pictures of western blot for the effect of 
asatone addition on p65 phosphorylation and relative protein level of p-p65/p65 in each group; (C) lung injury score; (D) minute 
ventilation (mL/kg); (E) Relative mRNA level of TGF-β; (F) relative mRNA level of α-SMA; (G) the concentrations of IL-6; (H) the 
concentrations of iNOS. *, P<0.05 vs. the sham group; #, P<0.05 vs. ALI model group. PDK1, 3-phosphoinositide-dependent kinase 1; LPS, 
lipopolysaccharide; ALI, acute lung injury; α-SMA, α-smooth muscle actin; IL-6, interleukin-6; iNOS, inducible nitric oxide synthase; p-p65, 
phosphorylated p65.
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induced peritonitis (45). In this article, the expression levels 
of MyD88, TLR4, and p-p65 were significantly enhanced in 
LPS-induced ALI model rats, whereas, knockdown of PDK1 
significantly reversed these abnormal phenomena. These 
results indicated that knockdown of PDK1 alleviated LPS-
induced ALI via suppressing NF-κB/p65 pathway activation. 
To fortify conclusion, we added rescue experiments 
involving the addition of asatone, the activator of NF-κB 
p65. As expected, the addition of asatone promoted the 
phosphorylation of p65, aggravated lung function damage, 
promoted lung fibrosis, and increased lung inflammation. 
However, the knockdown of PDK1 partially offset the effects 
of asatone. Therefore, we speculated that PDK1 knockdown 
inhibits fibrosis and inflammation in LPS-induced ALI 
model rats by attenuating NF-κB p65 pathway activation.

Conclusions

Our study revealed that PDK1 interference attenuated 
lung function injury, pathological damage, pulmonary 
fibrosis, and proinflammatory factors levels via regulating 
the NF-κB/p65 signaling pathway. However, this study 
was conducted on a rat model with limited sample size and 
clinical significance, and the underlying mechanism of lung 
protection of PDK1 interference requires confirmation via 
further research.
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