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1 Introduction
Sepsis is the systemic inflammatory response syndrome 

(SIRS) caused by bacterial infection (Jajoo et al., 2018). Sepsis is 
one of the common severe complications following burn trauma, 
shock, and operation in critically ill patients, which is also an 
important factor inducing multiple organ dysfunction syndrome 
(MODS) (Jajoo et al., 2018). Acute lung injury (ALI) is an acute 
hypoxic respiratory insufficiency caused by diffuse interstitial 
and alveolar edema due to various causes (Chen et al., 2018). 
Among the diverse causes of ALI, sepsis is considered the most 
important high-risk factor for ALI progression. The incidence 
of sepsis in ALI is high, with the mortality as high as 30 -50% 
(Chen et al., 2018). Scholars have found that the average global 
mortality rate is 43% from 72 clinical studies, which poses a major 
threat to human health. In mainland China, approximately 59% 
patients admitted to the ICU are due to infection, of whom, 37.3% 
would progress into severe sepsis and septic shock, and 27.1% 
would progress into ALI and ARDS (Dominguez et al., 2013).

Silent information regulator1 (SIRT1) is a NAD+-dependent 
transcriptional regulator with histone deacetylase activity, exerting 
a variety of biological activities such as anti-inflammation and 
anti-apoptosis (Chen et al., 2016). Therefore, SIRT1 has gradually 
been the focus of research. Accumulative studies have shown 
that Sirtuins may be involved in changes of inflammation, 
immunity and metabolism during the sepsis, which is also 
closely associated with cell proliferation, differentiation, aging, 
apoptosis and metabolism (Chen et al., 2016; Huang et al., 2017).

Progranulin (PGRN) is a multifunctional secretory glycoprotein 
(Kim & Choi, 2012). The abnormal changes of its expression and 
related genes are closely associated with inflammatory lesions of 
the nervous system, degenerative diseases, degenerative diseases, 
lysosomal homeostasis in the brain, and integrity of the blood-
brain barrier, which are involved in the pathological process of 
multiple nervous system diseases (Kim & Choi, 2012). PGRN 
is a multifunctional protein that can promote cell proliferation, 
tumorigenesis, and regulate inflammatory responses (Jia et al., 2009). 
PGRN is widely involved in various diseases of the nervous system 
and other systems and plays an important role in the development 
of the nervous system (Zhu et al., 2014). To evaluate the effects 
and mechanism of PGRN affects inflammation in lung damage 
of burn-induced Sepsis.

2 Materials and methods

2.1 Animal model

This study was approved by the Institutional Animal Care 
and Use Committee of XX Hospital. Male mice at 5-6 week of 
age were anesthetized with 50  mg/kg pentobarbital sodium. 
An adjustable burn template that accounted for variation in 
body surface area was filled with boiling water at 40% total 
body surface full-thickness burn and placed on the dorsal and 
ventral skin for 10 s. 1 μg of PGRN recombinant protein was 
intraperitoneally injected into burn-induced mice.
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ELISA kits. Tissue sample was collected at 2000 g for 15 min 
at 4 °C. ELISA kits was used to measure Serum TNF-α, IL-18, 
IL-6 and IL-1β levels. Cell was collected, lysed using RIPA lysis 
buffer with 1% protease inhibitor and was used to measure the 
TNF-α, IL-18, IL-6 and IL-1β levels using ELISA kits. ROS levels 
were measured using ROS kits (S0033, Beyotime).

2.2 HE staining

Whole left lung tissue samples were paraffin-embedded for 
24 h and cut into 5-μm thick tissue sections. Tissue sections were 
stained with HE sassy and viewed and photographed using an 
OLYMPUS BX60 microscope (Olympus Corp., Tokyo, Japan).

2.3 Bronchoalveolar lavage (BALF) fluid

The left lung was lavaged using 2.0 mL of ice-cold phosphate 
buffered saline (PBS) for 3 times and BAL fluid was immediately 
centrifuged at 2000 g for 15 min at 4 °C. Supernatants were stored 
at -80 °C for cytokine and protein analysis and total protein content 
in BALF was determined by the Bradford method (Beyotime).

2.4 Lung wet/dry weight ratio

The right lung was excised and weight was determined for 
wet weight. The lung tissue was placed at 80 °C for 24 h and 
weight was determined for dry weight. The wet/dry weight ratios 
were then calculated.

2.5 RNA extraction and real-time PCR and microarray

Total RNA of samples was extracted from cells using Trizol® 
reagent (Ambion®, LifeTechnologies). 50 ng of total RNA was 
performed to synthesis cDNA using the PrimeScript® RT reagent 
Kit with gDNA Eraser according to the manufacturer’s instructions 
(TaKaRa Bio). Real-time PCR was performed using the ABI-
7500 System employing SYBR® Select Master Mix (Applied 
Biosystems®, Life-Technologies). For microarray experiment, 
total RNA was extracted using the mirVana™ miRNA Isolation 
Kit (Ambion, Austin, TX, USA) and data was evaluated using 
an Agilent Bioanalyzer 2100 (Agilent Technologies, Santa Clara, 
CA, USA). Microarray analysis was performed by Shanghai 
Biotechnology Cooperation (Shanghai, P.R. China).

2.6 Cell culture and plasmid construction

Human non-small cell lung cancer A549 cell was grown 
in RPMI-1640  medium (Gibco, Thermo Fisher Scientific) 
contained 10% fetal bovine serum (FBS) (Gibco, Thermo Fisher 
Scientific) at 37 °C with 5% CO2 95% air. PGRN, siPGRN, SIRT1, 
siSIRT1 and negative mimics were transfected into cell using 
Lipofectamine® 2000 Reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instructions. After transfection 
for 4 h, cell transfection was treated with 500 ng of LPS and 2 
nM of ATP for lung damage model.

2.7 Western blot analysis

Briefly, whole cells collected and lysed using RIPA lysis 
buffer with 1% protease inhibitor. Then, The bicinchoninic 

acid reagent (BCA) was used quantified protein concentration. 
Protein samples of every group were separated by 10% SDS-
PAGE and transferred onto PVDF membranes. Membranes were 
incubated with primary antibody against PGRN, SIRT1, NLRP3 
and GAPDH (Cell Signaling Technology, USA) overnight at 4 °C 
after blocked in 5% non-fat milk for 2 h. After membrane was 
washed with PBS, membranes were incubated with horseradish 
peroxidase-conjugated secondary antibodies at room temperature 
for 1  h. The protein bands were detected using enhanced 
chemiluminescence (ECL) reagent, and quantified using Image 
Lab Software 3.0 (Bio-Rad Laboratories, Berkeley, CA, USA).

Statistical analysis. Differences of these date were considered 
statistically significant in this experiment if P < 0.05. All results 
of this experiment are expressed as mean ± standard deviation 
(S.D.). Student’s t-test or one-way analysis of variance (ANOVA) 
and Tukey’s post test was used for comparisons between groups.

3 Results

3.1 PGRN promoted inflammation and accelerated lung 
injury of burn-induced sepsis

To investigate the effects and mechanism of lung damage of 
burn-induced Sepsis, this experiment analyzed the expression 
of PGRN gene in lung tissue. As 12 h and 24 h of burn model, 
PGRN mRNA expression was up-regulated in burn model of 
mice (Figure 1A). Then, PGRN protein expression in burn 
model were induced (Figure 1B, 1C). Next, PGRN recombinant 
protein were injected into burn model, and survival rate were 
decreased in PGRN group, compared with burn model mice 
group (Figure  1D). Lung W/D rate and protein content of 
bronchoalveolar lavage were peaking, and HE staining that 
lung cell had large death in PGRN group, compared with burn 
model mice group (Figure 1E-G). Then, Inflammatory factors 
(TNF-α, IL-1β, IL-6 and IL-18 levels) of tissue samples were 
increased in PGRN group, comparing with burn model mice 
group (Figure 1H-K).

3.2 PGRN regulated inflammation in vitro model

To analyzed the effects of PGRN on inflammation in vitro 
model of Sepsis, over-expression of PGRN promoted TNF-α, 
IL-1β, IL-6 and IL-18 levels, and increased ROS production 
levels of LPS+ATP-induced vitro model (Figure 2A-F). 
Down-regulation of PGRN reduced LPS+ATP-induced cell 
TNF-α, IL-1β, IL-6 and IL-18 levels, and ROS production levels 
vitro model (Figure 2G-L).

3.3 PGRN targeted SIRT1 in burn-induced sepsis

To explore the mechanism of PGRN on inflammation in 
vitro model. As shown in Figure 3A, SIRT1 maybe an target spot 
of PGRN on inflammation in burn-induced sepsis. PGRN over-
expression induced PGRN protein expression, and suppressed 
SIRT1 protein expression in vitro mode of Sepsis (Figure 3B-D). 
Si-SIRT1 suppressed PGRN protein expression and induced 
SIRT1 protein expression in vitro mode of Sepsis (Figure 3E-G).
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chip to screen out the target spot of SIRT1 in the effects of PGRN 
on inflammation in burn-induced Sepsis. As shown in Figure 5A, 
NLRP3 maybe an target spot of SIRT1 in the effects of PGRN on 
inflammation in burn-induced sepsis. PGRN over-expression 
induced NLRP3 protein expression in vitro mode of Sepsis and 
si-PGRN suppressed NLRP3 protein expression in vitro mode of 
Sepsis (Figure 5B-E). SIRT1 over-expression suppressed NLRP3 
protein expression in vitro mode of Sepsis and si-PGRN induced 
NLRP3 protein expression in vitro mode of Sepsis (Figure 5F-H). 
Meanwhile, we used vivo model and found that SIRT1 activator 
(CAY10602) recovered survival rate, and reduced lung W/D rate 
and protein content of bronchoalveolar lavage, and protected the 
damaging lung cell in burn-induced Sepsis by PGRN, comparing with 
treatment with PGRN group (Figure 6A-D). SIRT1 activator induced 
SIRT1 protein expression, suppressed NLRP3 protein expression, and 
reduced TNF-α, IL-18, IL-6 and IL-1β levels in burn-induced Sepsis by 
PGRN, comparing with treatment with PGRN group (Figure 6E-K).

3.4 SIRT1 reduced the effects of PGRN in lung tissue of burn-
induced sepsis in vitro model

To further confirm the role of SIRT1 in the effects of 
PGRN on Sepsis-induced inflammation in vitro model. Si-sirt1 
suppressed SIRT1 protein expression, reduced ROS production 
levels and inhibited TNF-α, IL-1β, IL-6 and IL-18 levels in vitro 
model of sepsis (Figure 4A-H). Over-expression of sirt1 induced 
SIRT1 protein expression, promoted ROS production levels and 
increased TNF-α, IL-1β, IL-6 and IL-18 levels in vitro model of 
sepsis (Figure 4I-P).

3.5 SIRT1 reduced the effects of PGRN in lung tissue of burn-
induced sepsis by NLRP3 inflammasome

To further explore the mechanism of SIRT1 in the effects of 
PGRN on inflammation in vitro model. This experiment used gene 

Figure 1. PGRN promoted inflammation and accelerated lung injury of burn-induced Sepsis. PGRN mRNA (A) and protein expression (B and C) 
in lung tissue of burn-induced Sepsis; survival rate (D), lung W/D rate (E), HE staining (F), protein content of bronchoalveolar lavage (G), TNF-α 
(H), IL-6 (I), IL-1β (J) and IL-18 (K) levels in burn-induced Sepsis by PGRN. Sham, sham control group; Model, lung injury of burn-induced 
Sepsis group; PGRN, lung injury of burn-induced Sepsis by treatment with PGRN group. ##p<0.01 compared with sham control or model group.

Figure 2. PGRN regulated inflammation in vitro model. TNF-α (A), IL-6 (B), IL-1β (C) and IL-18 (D) levels, ROS production levels (E and F) 
in vitro model by over-expression of PGRN; ROS production levels (G and H), TNF-α (I), IL-6 (J), IL-1β (K) and IL-18 (L) levels in vitro model 
by down-regulation of PGRN. Negative, negative control group; PGRN, over-expression of PGRN group; siPGRN, down-regulation of PGRN 
group. ##p<0.01 compared with negative control group.
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Figure 3. PGRN targeted SIRT1 in burn-induced Sepsis. Analysis results (A), PGRN and SIRT1 protein expressions (B, C and D) in vitro model 
by over-expression of PGRN; PGRN and SIRT1 protein expressions (E, F and G) in vitro model by down-regulation of PGRN. Negative, negative 
control group; PGRN, over-expression of PGRN group; siPGRN, down-regulation of PGRN group. ##p<0.01 compared with negative control group.

Figure 4. SIRT1 reduced the effects of PGRN in lung tissue of burn-induced Sepsis in vitro model. SIRT1 protein expressions (A and B), ROS 
production levels (C and D), TNF-α (E), IL-6 (F), IL-1β (G) and IL-18 (H) levels in vitro model by down-regulation of SIRT1; SIRT1 protein 
expressions (I and J), ROS production levels (K and L), TNF-α (M), IL-6 (N), IL-1β (O) and IL-18 (P) levels in vitro model by over-expression 
of SIRT1. Negative, negative control group; PGRN, over-expression of PGRN group; siPGRN, down-regulation of PGRN group; SIRT1, over-
expression of SIRT1 group; si SIRT1, down-regulation of SIRT1 group. ##p<0.01 compared with negative control group; **p<0.01 compared with 
PGRN or si PGRN group.
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ALI/ARDS, with clinical manifestations of respiratory distress, 
refractory hypoxemia and respiratory failure (Marik, 2014). In the 
present study, PGRN promoted inflammation and accelerated 
lung injury of burn-induced Sepsis. Petry et al. (2014) reported 
that Progranulin is a novel biomarker in sepsis (Petry et al., 2014). 
Thus, H PGRN could observably impact the lung damage in 
burn-induced sepsis.

SIRT1 is a histone deacetylase of Sirtuin family widely 
existing in human cells, and is involved in the regulation of 
various physiological functions such as glucose and lipid 

4 Discussion
Sepsis is the SIRS caused by various pathogenic factors 

(Newton et al., 2016). The high morbidity and high mortality of 
sepsis have made sepsis as a major problem that plagues clinical 
medical and scientific staffs worldwide (Newton et al., 2016). 
During the development of sepsis, multiple organs such as 
lungs, kidneys, and liver can be involved, which could further 
progress into MODS in the later stage (Marik, 2014). In addition, 
lung is the most vulnerable target organ after the occurrence of 
sepsis, generally with the earliest onset, which is manifested as 

Figure 6. SIRT1 reduced the effects of PGRN in lung tissue of burn-induced Sepsis by NLRP3 inflammasome. Survival rate (A), lung W/D rate 
(B), HE staining (C), protein content of bronchoalveolar lavage (D), SIRT1/NLRP3 protein expression (E, F and G), TNF-α (H), IL-6 (I), IL-1β 
(J) and IL-18 (K) levels in burn-induced Sepsis by PGRN. Sham, sham control group; Model, lung injury of burn-induced Sepsis group; PGRN, 
lung injury of burn-induced Sepsis by treatment with PGRN group; SIRT1, SIRT1 activator (CAY10602) group. ##p<0.01 compared with sham 
control or model group, **p<0.01 compared with PGRN group.

Figure 5. SIRT1 reduced the effects of PGRN in vitro model by NLRP3 inflammasome. Analysis results (A), NLRP3 protein expression in vitro 
model by over-expression of PGRN (B and C), NLRP3 protein expression in vitro model by down-regulation of PGRN (D and E), NLRP3 protein 
expression in vitro model by over-expression of SIRT1 (F and G), NLRP3 protein expression in vitro model by down-regulation of SIRT1 (H and 
I). Negative, negative control group; PGRN, over-expression of PGRN group; siPGRN, down-regulation of PGRN group; SIRT1, over-expression 
of SIRT1 group; si SIRT1, down-regulation of SIRT1 group. ##p<0.01 compared with negative control group.
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metabolism and aging (Marik, 2014; Zhang  et  al.,  2018). 
Recent studies have shown that SIRT1 can exert anti-
inflammatory effects by inhibiting multiple cell signaling 
pathways during the inflammatory response (Marik, 
2014; Wei  et  al.,  2019; Pedrazza  et  al.,  2014). Our study 
demonstrated that PGRN targeted SIRT1 in burn-induced 
Sepsis by NLRP3. Livak & Schmittgen (2001) showed that 
PGRN exerts inflammatory effects via SIRT1-NF-κB in 
adipose insulin resistance (Livak  &  Schmittgen, 2001). 
PGRN might indicate the oncogenic role of NLRP3 in lung 
damage in burn-induced sepsis and provides creativity for 
in-inflammation exploration.

PGRN-mediated collagen-induced anti-arthritis effects 
are mainly achieved by the anti-inflammatory factor IL-10 
(Kim  &  Choi, 2012). IL-10 is an anti-inflammatory factor, 
and its expression level is correlated with the degree of 
inflammation (Jia et al., 2009; Wang et al., 2017). The serum 
level of IL-10 is higher in mice treated with PGRN for arthritis, 
while levels of IL-17, IL-6 and TNF-α are greatly reduced 
(Jiang et al., 2015). Compared with wild-type macrophages, 
PGRN-deficient macrophages produce more pro-inflammatory 
cytokines and less anti-inflammatory factors IL-10 in response 
to lipopolysaccharide induction. In relevant studies on femoral 
head necrosis, PGRN can inhibit the inflammatory effects 
of TNF-α by binding to TNF receptors, weakening cartilage 
degradation and thereby exerting a protective role on bone 
(Jiang  et  al.,  2015). This experiments revealed that SIRT1 
reduced the effects of PGRN in lung tissue of burn-induced 
Sepsis by NLRP3 inflammasome. Ma et al. (2017) indicated that 
Progranulin opened inflammation and lung injury in mouse 
model of endotoxic shock (Ma et al., 2017). Therefore, PGRN 
is important in regulating gene expression through affecting 
inflammation by SIRT1/ROS/ NLRP3.

5 Conclusion
In summary, these results of this study revealed that 

PGRN is serves as an inflammation-response biomarker and 
promoted lung damage in burn-induced Sepsis via the SIRT1/
ROS/NLRP3 pathways. These findings suggest that PGRN gene 
function and molecular mechanism related to PGRN may 
provide a potential therapeutic candidate for lung damage 
in burn-induced Sepsis.
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