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Abstract
Background: Acute lung injury (ALI) is a clinical syndrome characterized by hyperosmotic 
­pulmonary edema and increased alveolar fluid. Phospholipase C epsilon-1 (PLCE1), identified 
as a member of phospholipase family, and the relationship between PLCE1 and lung injury is 
not clear.
Objective: To assess the possible role of Phospholipase C Epsilon 1 (PLCE1) in Acute lung injury 
(ALI) progression and related mechanisms. 
Materials and methods: The effects of LPS and PLCE1 on cell viability and apoptosis were 
examined by MTT and flow cytometry. Also, the level of PLCE1 was controlled by transfection 
of its plasmid and shRNA. The inflammatory response in response to PLCE1 overexpression or 
ablation was analyzed by quantitative PCR and ELISA assay. And the involvement of PKC and 
NF-κB signal pathway were detected by Immunoblot. 
Results: In this study, we developed a LPS-induced ALI cell model. We found PLCE1 was upreg-
ulated in LPS-induced pneumonia cells and affected cell viability. Also, knockdown of PLCE1 
reduced LPS-induced apoptosis of pneumonia cells. In addition, depletion of PLCE1 suppressed 
LPS-induced secretion of proinflammatory cytokines in pneumonia cells. Mechanically, we 
found depletion of PLCE1 inhibited PKC and NF-κB signal pathway, and therefore alleviated 
LPS-induced ALI.
Conclusion: We therefore thought PLCE1 could serve as a promising drug for ALI.
© 2022 Codon Publications. Published by Codon Publications.
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Introduction

Acute lung injury (ALI) is a clinical syndrome characterized 
by hyperosmotic pulmonary edema and increased alveolar 
fluid.1 ALI remains a major global public health issue for 
clinicians. Although multiple therapeutic strategies have 
been developed, mortality in ALI patients remains high.2 
Therefore, it is very important to explore the pathogene-
sis of ALI and find a new treatment strategy. Inflammation 
plays an important role in the pathogenesis of ALI, and inhi-
bition of inflammation reduces the severity of ALI injury.3 
Lipopolysaccharide (LPS), the main bioactive component 
of Gram-negative bacteria, has been widely used to induce 
ALI models with pathological characteristics similar to 
human ALI by triggering excessive inflammatory mediators.4

Suppressed protein kinase C (PKC)/Src (sarcoma)- 
suppressed C kinase substrate (SSeCKS) signaling pathway is 
involved in microvascular endothelial barrier injury, which, 
therefore, increases pulmonary edema.5 PKC/SSecKs-
dependent destruction of polymeric fibrous actin (F-actin) 
in human pulmonary microvascular endothelial cells usu-
ally leads to increased vascular permeability. Nuclear fac-
tor kappa B (NF-κB) is a key transcription factor that plays 
an important role in mediating cell growth, differentiation, 
apoptosis, and inflammation.6 IkappaB (IκB) kinase is acti-
vated by phosphorylation and degradation of NF-κB fam-
ily inhibitor kinase (IKK) complex. This process results in 
nuclear translocation of NF-κB and subsequent transcrip-
tion of NF-κB-dependent genes.7

Phospholipase C epsilon-1 (PLCE1), identified as a 
member of phospholipase family, catalyzes the hydroly-
sis of membrane phospholipids to produce two important 
secondary messengers: diacylglycerol and inositol 1,4, 
5-triphosphate.8 They, respectively, induce protein kinase 
C (PKC) activation and intracellular Ca2+ mobilization, 
which are crucial for intracellular signal transduction.7 
PLCE1 mediates different external signals and has been 
reported to be associated with clinical staging and survival 
of tumors, including hepatocellular carcinoma, colorectal 
cancer, bladder cancer, and gastric cancer.9 In addition to 
playing an important role in cancer progression, PLCE1 also 
contributes to inflammation by activating NF-κB pathway 
and stimulating expressions of various inflammatory cyto-
kines.10 However, relationship between PLCE1 and lung 
injury is not clear.

In this study, we found that PLCE1 was overexpressed 
in LPS-induced pneumonia cells, and depletion of PLCE1 
could improve the viability of pneumonia cells, reduce 
apoptosis and secretion of pro-inflammatory factors, and 
alleviate LPS-induced ALI. Studies have demonstrated that 
PLCE1 inhibited PKC and NF-κB signaling. We, therefore, 
anticipated that PLCE1 could serve as a promising target 
for treating ALI.

Method

Cell culture 

Human lung fibroblasts (HFL1) were obtained from ATCC 
and incubated in serum-free Dulbecco’s Modified Eagle 
Medium (DMEM; Gibco, Thermo Fisher, USA) supplied with 

10% fetal bovine serum (FBS) and 1% penicillin–streptomycin 
in a humidified culture hood with 5% CO2 at 37°C. For 
LPS stimulation, cells were treated with LPS (2-, 5-, and  
10-µg/mL). 

MTT assay

For assessment of cell viability, cells were plated into 
96-well plates at a density of 3 × 103 cells/well and per-
formed according to Wang et al.9 Cells were treated with 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) for cell viability detection followed by washing 
with phosphate buffer solution (PBS). The absorbance was 
assessed at 490 nm after incubation for 4 h.

Western blotting analysis

Cell lysates were collected after addition of radioimmu-
noprecipitation assay (RIPA) buffer. After centrifugation, 
protein concentration was determined by bicinchoninic acid 
(BCA) protein assay kit (Beyotime Biotechnology, Shanghai, 
China). Proteins were resolved with 10% sodium dodecyl 
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE), trans-
ferred onto polyvinylidene difluoride (PVDF) membranes. 
Membranes were then incubated with 5% bovine serum 
albumin (BSA) followed by primary antibodies targeting PLCE1  
(1:1,000; Thermo Scientific, Waltham, MA, USA), PKC (1:1,000; 
Abcam, Cambridge, UK), SSeCKS (1:1,000; Abcam), p-p65 
(1:1,000; Abcam), p65 (1:1,000; Abcam), p-IκBα (1:1,000; 
Abcam), IκBα (1:1,000; Abcam), glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH, 1:10,000; Abcam), and b-actin 
(1:10,000; Abcam). Membranes were maintained in horse-
radish peroxidase (HRP)-conjugated secondary antibodies at 
a ratio of 1:1,000 for 2 h after rinsing in tris buffered saline 
with tween (TBST) for 15 min. The signals were detected 
with enhanced chemiluminescent (ECL) detection kit.

Flow cytometry (FCM)

Cells were placed into 96-well plate and treated, designed, 
and performed according to Umar et al.10 Then the cells 
were fixed and labeled with 50-μg/mL propidium iodide 
and Annexin V for 30 min in dark. The stained cells were 
washed by centrifugation and resuspended and analyzed 
on a BD FACS Canto II (BD Biosciences, USA).

Real-time polymerase chain reaction (RT-PCR)

Cells were isolated and used for RNA purification with 
total RNA kit (Tiangen, Beijing, China) and performed as 
demonstrated by Wang et al.9 After extraction of RNA, it 
was used for reverse transcription to generate complemen-
tary DNA (cDNA) after detection of RNA concentration and 
purity. RT-PCR was performed with SYBR-Green Master Mix 
(RoPLCE1, USA) and respective primers. The used primers 
are listed as follows: 

Interleukin 1β (IL-1β): F: TGCCACCTTTTGACAGTGATG, 
R: AAGGTCCACGGGAAAGACAC. 

Interleukin 18 (IL-18): F: TCTCCAGCAGTCCCAACTAAGC, 
R: AGGCAGTACAGGACAAGG. 
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Tumor necrosis factor-α (TNF-α): F: ACCCTCACACT 
CACAAACCA, R: ATAGCAAATCGGCTGACGGT. 

β-actin: F: GGAGATTACTGCCCTGGCTCCTAGC, R: GGCC 
GGACTCATCGTACTCCTGCTT’. 
The relative expression level was calculated as 2ΔΔCt.

Enzyme-linked immunosorbent serologic assay 
(ELISA)

The concentrations of IL-1β, TNF-α, and IL-18 in cell lysates 
were measured with ELISA kit, following the protocols. 

Statistical Analysis

Data were presented as mean ± SD. Statistical analysis was 
performed using GraphPad. P < 0.05 was considered as 
significant.

Results 

PLCE1 is induced in LPS-stimulated HFL1 cells 

Cell viability in human fetal lung fibroblast (HFL1) cells was 
examined in response to increasing concentration of LPS. The 
cell viability was significantly reduced when stimulated with 
varying concentrations of LPS (Figure 1A). The expression of 
PLCE1 was detected when treated with LPS. Interestingly, 
PLCE1 was induced by LPS in HFL1 cells (Figure 1B). 

Depletion of PLCE1 improves viability of 
pneumonia cells, and reduces apoptosis  
in LPS-induced cells

In order to further reveal the role of PLCE1 in cells, we per-
formed PLCE1 overexpression and depletion in HFL1 cells, 
and the efficacy was detected by Western blotting analy-
sis. As shown in Figure 2A, PLCE1 was induced or knocked 
down by transfection of PLCE1 plasmid or small hairpin RNA 
(shRNA). Moreover, the reduced cell viability by LPS was 
further diminished by overexpression of PLCE1. Conversely, 
the reduced viability was recovered by depletion of PLCE1 
(Figure 2B). Moreover, its role in cell apoptosis was also 

measured. The induced cell apoptosis by LPS was aggra-
vated by PLCE1 overexpression and relieved by PLCE1 
depletion (Figure 2C). These data suggest the beneficial 
role of PLCE1 depletion in cell viability and apoptosis.

Depletion of PLCE1 could reduce secretion of 
pro-inflammatory factors in LPS-stimulated cells

In order to explore inflammatory response in an LPS-
induced cell model, levels of TNF-α, IL-1β, and IL-18 were 
measured in cells. The mRNA level and concentration of 
these cytokines were elevated by LPS, and PLCE1 overex-
pression further exacerbated the elevation of cytokines. 
PLCE1 ablation improved inflammatory response as identi-
fied by reduction of these cytokines (Figures 3A and B). 

PLCE1 inhibits PKC and NF-κB signaling in 
pneumonia cells

In order to delineate the potential mechanism of PLCE1-
mediated cell proliferation and apoptosis, the inhibition of 
PKC and NF-κB signaling was analyzed in each group. The 
expression levels of PKC, SSeCKS, p-p65, and p-IκBα were 
enhanced in LPS-induced cells (Figure 4). Overexpression 
of PLCE1 further elevated activation of these proteins, and 
PLCE1 depletion led to repression of PKC, SSeCKS, p-p65, 
and p-IκBα levels (Figure 4). These data suggested that 
PLCE1 inhibited PKC and NF-κB signal pathway, and there-
fore alleviated LPS-induced ALI.

Discussion

Acute lung injury is injury of the alveolar epithelial and 
endothelial cells caused by various direct and indirect 
factors.11 The treatment of ALI mainly includes respiratory 
support therapy and drug therapy. Although some prog-
ress has been observed in treatment regimen, its mortality 
rate is still high. In order to improve the survival rate, it is 
necessary to further study the pathogenesis of this disease 
and identify key proteins.12 Inflammation plays an import-
ant role in the pathogenesis of ALI. Inhibition of inflamma-
tion leads to reduction of the severity of ALI injury.13 In this 
study, we developed an LPS-induced ALI cell model, and 

(A) (B)

Figure 1  PLCE1 is induced in LPS-stimulated HFL1 cells. (A) Cell viability in the control, LPS 2 µg/mL, LPS 5 µg/mL, and LPS  
10 µg/mL group. (B) Expression level of PLCE1 in the control, LPS 2 µg/mL, LPS 5 µg/mL, and LPS 10 µg/mL group. **P < 0.01,  
***P < 0.001 vs. control. LPS: lipopolysaccharide; Pc: pcDNA 3.1.

(A) (B)
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found that PLCE1 played a crucial role in the progression of 
ALI. We noticed that PLCE1 could alleviate LPS-induced ALI. 

Through a series of in vitro assays, including 
Immunoblot, MTT, FCM, qPCR, and ELISA, we found that 
PLCE1 was overexpressed in LPS-induced pneumonia 
cells. Knock down of PLCE1 could improve the viability of 
pneumonia cells and reduce apoptosis and secretion of 
proinflammatory factors to alleviate LPS-induced ALI. In 
fact, the role of PLCE1 in different cellular processes has 
been revealed. Its expression was correlated with several 
types of cancers, such as esophageal and liver cancers.14,15 
PLCE1 could also mediate the migration, proliferation as 
well as differentiation of podocytes.16 In addition, PLCE1 
affected progression of esophageal squamous cell carci-
noma and could promote myocardial ischemia-reperfu-
sion injury (MI-RI) in H9C2 cells and mice by stimulating 

inflammation.17,19 Similarly, we also revealed that PLCE1 
mediated inflammation in LPS-induced ALI model.

In this study, we found that PLCE1 inhibited PKC 
and NF-κB pathway in LPS-induced pneumonia cells. In 
fact, the role of PKC and NF-κB pathway in ALI has been 
widely revealed. For example, depletion of PKC attenuated 
oleic acid-induced acute lung injury through reduction of 
inflammation and oxidative stress. In addition, the role of 
PKC and NF-κB pathways in the regulation of inflammation 
has also been widely accepted. Sulfur could suppress high 
glucose-induced inflammation via mediating NF-κB pathway 
in monocytes.18 PKC could also mediate LPS-Induced IL-1β 
expression and affect the pro-inflammatory effect of andro-
gen receptor (AR) in mouse microglia.19 In addition, another 
study indicated that Cathepsin C contributed to the microg-
lia M1 polarization and aggravated neuroinflammation by 

Figure 2  Depletion of PLCE1 could improve the viability of pneumonia cells and reduce apoptosis in LPS-induced cells. (A) Level of 
PLCE1 in control, NC, pc-PLCE1, shNC, and shPLCE1 cells. (B) Cell viability in control, NC, pc-PLCE1, shNC, and shPLCE1 cells. (C) Cell 
viability in control, NC, pc-PLCE1, shNC, and shPLCE1 cells. *P < 0.05, **P < 0.01, ***P < 0.001. LPS: lipopolysaccharide; Pc: pcDNA 3.1.

(A)

(B)

(C)
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Figure 3  Depletion of PLCE1 could reduce secretion of pro-inflammatory factors in LPS-stimulated cells. (A) mRNA and (B) 
protein levels of TNF-a, IL-1b, and IL-18 in control, NC, pc-PLCE1, shNC, and shPLCE1 cells. *P < 0.05, **P < 0.01, ***P < 0.001. LPS: 
lipopolysaccharide; pc: pcDNA 3.1.

(A)

(B)

Figure 4  PLCE1 inhibits PKC and NF-κB signaling in pneumonia cells. Levels of PKC, SSeCKS, p-p65, and p-IκBα in control, NC, 
pc-PLCE1, shNC, and shPLCE1 cells. *P < 0.05, **P < 0.01, ***P < 0.001. LPS: lipopolysaccharide; pc: pcDNA 3.1.
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the activation of Ca-dependent PKC/NF-κB pathway.20 These 
studies confirmed that PKC and NF-κB pathway could serve 
as promising targets for inflammation-related diseases.

Conclusion

Here, we developed an ALI cell model by using LPS. Notably, 
LPS-induced pneumonia cells are widely used in the study 
of ALI. We revealed the effects of PLCE1 on LPS-induced 
pneumonia cells, and revealed the regulatory mechanism. 

In summary, we found the overexpression of PLCE1 in 
LPS-induced pneumonia cells. Our data confirmed that 
PLCE1 could promote the viability of LPS-induced pneu-
monia cells. PLCE1 could also reduce the apoptosis and 
secretion of pro-inflammatory factors, and alleviate LPS-
induced ALI. Mechanically, PLCE1 inhibited PKC and NF-κB 
signaling pathways, and therefore mediated ALI progres-
sion. We, therefore, anticipated that PLCE1 could serve as 
a promising target of ALI.
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