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Abstract
Acute lung injury (ALI) is a continuum of lung changes associated with uncontrolled excessive lung inflammation. However, the pathogenesis of ALI is still complicated and effective clinical pharmacological management is required. Various signaling pathways are involved in the inflammatory responses of ALI. Here, we aimed to explore the role of nesfatin-1, an amino-acid peptide with anti-inflammatory action, in an LPS-induced ALI mice model, and its role in regulating macrophages in response to LPS stimulation in vitro. This was to clarify the underlying mechanisms of regulating the inflammatory response in the development of ALI. The results show that nesfatin-1 expression was downregulated in the lung tissues of ALI mice compared to control mice. Nesfatin-1 treatment ameliorated the inflammatory response and lung tissue damage in LPS-induced ALI in mice. In vitro studies showed that nesfatin-1 attenuated the generation and release of proinflammatory cytokines interleukin-6 (IL-6), interleukin-1β (IL-1β), and tumor necrosis factor-α (TNF-α) in LPS-induced RAW 264.7 cells. Nesfatin-1 also inhibited reactive oxygen species production and improved superoxide dismutase (SOD) activity in LPS-induced RAW 264.7 cells. These findings suggest that nesfatin-1 exerted a crucial role in regulating the LPS-mediated activation of M1 macrophages. Further mechanism investigations indicated that nesfatin-1 inhibited the activation of p38 MAPK/c-Jun and NF-κB pathways in LPS-induced RAW 264.7 cells, as evidenced by decreased expression levels of p-p38, p-c-Fos, and p-p65. Overall, nesfatin-1 alleviated LPS-induced ALI, which might be attributed to regulating inflammatory response through macrophages modulation.
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Introduction
Acute lung injury (ALI) is characterized by a series of changes in lung tissue including surfactant dysfunction, neutrophil-derived inflammation, lung edema formation, and diffuse alveolar injury [1]. ALI arises from a wide variety of pathological conditions, such as near-drowning, aspiration of gastric contents, trauma, and sepsis [1]. Clinically, ALI frequently results in bilateral pulmonary infiltrates, severe hypoxemia, and lung compliance, resulting insignificant morbidity and often death [2].
Studies on the pathogenesis of ALI have shown that bacterial antigens trigger an inflammatory response that depends on the activation of several pathways [3, 4]. For instance, lipopolysaccharide (LPS) binds to Toll-like receptor (TLR) 4 and leads to the activation of intracellular kinases, thereby activating the proinflammatory pathways [5]. These signals converge in the regulation of diverse transcription factors that induce the synthesis of pro-inflammatory molecules mediating the molecular pathophysiology of inflammatory responses. As a result, neutrophils are recruited from the circulation, alveolocapillary permeability increases, and pneumocytes are yielded to cell death, all of which result in further injury [5]. Consequently, it is hypothesized that the regulation of inflammation is correlated with improved outcomes of ALI.
Nesfatin-1 is an amino-acid peptide, which is widely found in digestive, nervous, and adipose tissues [6]. It is evident that nesfatin-1 has multiple functions, including modulation of inflammation, stress, and blood pressure, anorexigenic, emotion, cancer, metabolism, and reproduction [7–9]. Particularly, nesfatin-1 was found to possess protective action on lung injury [10]. Serum levels of nesfatin-1 in lung cancer patients are lower than those in healthy subjects, which are also associated with weight loss in lung cancer patients [11]. Nesfatin-1 levels in plasma from chronic obstructive pulmonary disease (COPD) patients are correlated with plasma levels of interleukin-6 (IL-6), interleukin-8 (IL-8), and tumor necrosis factor-α (TNF-α), implying that nesfatin-1 acts as a novel inflammatory factor in COPD patients [12, 13]. These findings indicate that nesfatin-1 may be associated with inflammation-related lung diseases. However, the property of nesfatin-1 in regulating the immune system during ALI has not been evaluated. To further explore the mechanism by which nesfatin-1 alleviates ALI, we investigated the protective effect of nesfatin-1 on ALI in an in vivo mice model, as well as its effect on the activation of macrophages in vitro.
Materials and methods
Animal model establishment
The animal experiments were approved by the Animal Ethics Board of Xiantao First People's Hospital Affiliated with Yangtze University and performed according to the institutional guidelines. The ALI model was established via intratracheal instillation with LPS as described previously [14]. Forty female C57BL/6 mice (20–25 g, Charles River, Wilmington, MA) were randomly separated into four groups (ten mice per group): the vehicle group, intranasal instillation with anequal volume of saline; ALI group, intratracheal instillation with 3 mg/kg LPS 24 h; nesfatin-1 treatment groups, pre-treated with nesfatin-1 (1.0, 2.0 μg/kg/day, i.p injection) for 7 days and then induced by LPS (intranasal instillation of 3 mg/kg LPS) 24 h.
After another 24 h, mice were anesthetized, peripheral blood was collected through cardiac puncture. Then the trachea was cannulated with an 18-gauge polypropylene catheter and the lung was lavaged with 1 ml of PBS to obtain BAL fluid. At the end of the experiments, the lung tissues were fixed and collected as previously described [15].
RT-PCR
RNA from lung samples and cells were isolated and then yielded to RT-PCR analysis with a QuantiTect reverse transcription kit and QuantiFast SYBR Green PCR kit (Qiagen). The relative mRNA levels of IL-6, IL-1β, and TNF-α were calculated after the correction for GAPDH. The following primers were used: IL-6, Forward, 5′-GGCGGATCGGATGTTGTGAT-3′, Reverse, 5′-GGACCCCAGACAATCGGTTG-3′; IL-1β, Forward, 5′-CCTTCCAGGATGAGGACATGA-3′, Reverse, 5′-TGAGT CACAGAGGATGGGCTC-3′; TNF-α, Forward, 5′-TCTTCTCATTCCTGCTTGTG G-3′, Reverse, 5′-CACTTGGTGGTTTGCTACGA-3′; GAPDH, Forward 5′-AATGGATTTGGACGCATTGGT-3′, Reverse 5′-TTTGCACTGGTACGTGTTGAT-3.
Western blot
Total protein from lung samples and whole-cell lysates were prepared, separated by SDS-PAGE, and then transferred onto membranes. The resulting membranes were incubated with 5% skim milk blocking buffer, incubated with primary antibody against nesfatin-1 (1:1000), p-p38 (1:500), p-c-Jun (1:2000), p-p65 (1:1000),or β-actin (1:5000) (Abcam, Cambridge, MA), followed by incubation with horseradish peroxidase (HRP)- labelled secondary antibody (Abcam). Chemiluminescent system (Bio-Rad, Hercules, CA) was applied for developing the bands on the membranes, which were quantified with Quantity One System (Bio-Rad).
Hematoxylin–eosin (H&E) staining
Lung tissues fixed in 10% (v/v) formalin were embedded in paraffin and subsequently cut into 5 µm sections. After deparaffinization and rehydration, the sections were collected for H&E staining. The sections were reviewed by a pathologist under a light microscope (Olympus) and the inflammation scores were calculated [16].
Cells analysis in BAL fluid
The inflammatory cells in cell pellets from BAL fluid were counted with a hemacytometer using an established method [17]. Counting for different inflammatory cells was performed using an Olympus light microscope with standard morphological criteria.
Enzyme-linked immunosorbent assay (ELISA)
After centrifugation, the mice serum and supernatants were collected and analysed for the contents of IL-6, IL-1β, and TNF-α using the ELISA method with commercially obtained kits (BD Biosciences, Franklin Lakes, NJ). Briefly, an ELISA plate was coated with 100 µL of the antigen dilution and incubated overnight at 4 °C. After blocking with 5% non-fat dry milk for 2 h at room temperature, the plates were washed with PBS twice and diluted antibodies were added for 2 h at room temperature. 100 µL of the substrate solution was added to each well. After sufficient color development, 50–100 µL of stop solution was added to the wells. Finally, an automated spectrophotometric plate reader (PerkinElmer, Waltham, MAA) was applied for detecting the reactions at 450 nm.
RAW264.7 cells culture
Mouse macrophage cell line, RAW264.7 cells were purchased from ATCC (Manassas, VA) and maintained in 1640 culture medium (Invitrogen, Carlsbad, CA) supplemented with 10% (v/v) FBS and antibiotics. For the LPS treatment group, RAW264.7 cells were treated with 1 μg/ml LPS. For nesfatin-1 intervention groups, cells were pretreated with 50 or 100 nM nesfatin-1 for 1 h and then treated with 1 μg/ml LPS [18].
Cell counting kit-8 (CCK-8)
Cytotoxicity examination of nesfatin-1 on RAW264.7 cells was performed using the Cell Counting Kit-8 assay after incubation with nesfatin-1 (5, 10, 20, 50, 100, 200, and 400 nM) for 24 h. The pretreated cells were then incubated with CCK-8 solution for 2 h before the optical density was measured at 450 nm.
Oxidative stress evaluation
Intracellular ROS generation of RAW264.7 cells was measured using the probe H2-DCFDA (Invitrogen, Carlsbad, CA). The fluorescence intensity was analyzed using a fluorescence microscope (Carl Zeiss, GmbH, Jena, Germany). SOD enzyme activity was detected using a commercial detection kit (KeyGen Biotech., Nanjing, China).
Data analysis
All data were analyzed using SPSS 21.0 software. To determine statistical significance, a one-way analysis of variance was applied for multiple comparisons. Differences with p values less than 0.05 were considered significant.
Results
In order to investigate the potential effects of nesfatin-1 on ALI, we established both an in vivo mice model and in vitro macrophages model. We found that LPS stimulation promotes inflammatory response in the lung tissues of mice, which was significantly inhibited by nesfatin-1. In the in vitro model, the two doses of nesfatin-1 attenuated an inflammatory response and oxidative stress in LPS-challenged macrophages. Importantly, nesfatin-1 alleviated the p38/c-Jun/NF-κB signaling pathway, which plays a critical role in various inflammatory diseases, including ALI.
The expression of nesfatin-1 was decreased in the ALI mice
We first compared the expression of nesfatin-1 in the lung tissues from both the control and ALI mice. We found that the mRNA level of nesfatin-1 was significantly reduced by 0.44-fold in ALI mice (Fig. 1A). In line with this, a 0.38-fold reduction of the nesfatin-1 protein level was also observed in the ALI group (Fig. 1B), which suggested a potential role for nesfatin-1 in ALI.[image: ]
Fig. 1The expression of Nesfatin-1 was decreased in the lung tissue of ALI mice. (A). The mRNA level; (B). Protein level of Nesfatin-1 was determined in the control and ALI group (***P < 0.0001 vs. vehicle group)


Nesfatin-1ameliorated the damage in LPS- induced ALI in mice
The ALI mice were administrated with nesfatin-1 (1.0, or 2.0 μg/kg/day) to further evaluate its role. As illustrated in Fig. 2, histological evaluation of lung tissues showed that the inflammation score in ALI mice was increased by 3.8-fold, which was attenuated by nesfatin-1 intervention.[image: ]
Fig. 2Nesfatin-1 ameliorated the damage in LPS-induced acute lung injury in mice. Lung tissues from each experimental group were processed for histological evaluation. The inflammation scores were calculated (***P < 0.0001 vs. vehicle group; #, ##, P < 0.01, 0.001 vs. LPS treatment group)


Nesfatin-1 attenuated LPS-induced inflammatory response
Analysis of inflammatory cells in BAL fluid showed that total neutrophils, total lymphocytes, and total macrophages were dramatically increased in ALI mice. However, these increased inflammatory cells were significantly decreased after nesfatin-1 intervention (Fig. 3A). Significant increases in the contents of IL-6 (93.4 ± 11.6 pg/ml), IL-1β (198.7 ± 26.8 pg/ml) and TNF-α (143.1 ± 19.3 pg/ml) in sera from ALI mice were detected, as compared to those in control mice (16.8 ± 2.3, 42.5 ± 4.9, 26.4 ± 3.1 pg/ml). The increased content of these inflammatory cytokines was reduced in nesfatin-1 treatment groups (Fig. 3B).[image: ]
Fig. 3Nesfatin-1 attenuated LPS-induced inflammatory response. (A). Total neutrophils, total lymphocytes, and total macrophages were counted; (B). IL-6, IL-1β, and TNF-α levels in serum were measured at 24 h after LPS challenge (***P < 0.0001 vs. vehicle group; #, ##, P < 0.01, 0.001 vs. LPS treatment group)


Cytoxicity of nesfatin-1 in RAW 264.7 cells
Figure 4 shows the cytotoxicity of nesfatin-1 on RAW 264.7 cells, which indicated that cell viability was significantly reduced in 200 or 400 nM nesfatin-1-treated RAW 264.7 cells with 0.91-and 0.83-fold changes, respectively. While at the concentrations of 5, 10, 20, 50, and 100 nM, cell viability was not affected.[image: ]
Fig. 4Cytoxicity of nesfatin-1 in RAW 264.7 cells. Cells were treated with Nesfatin-1 (5, 10, 20, 50, 100, 200 and 400 nM) for 24 h. The cell viability was determined with the CCK-8 assay (*, **P < 0.01, 0.001 vs. vehicle group)


Nesfatin-1 attenuated the generation and release of proinflammatory cytokines in response to LPS stimulation
In Fig. 5A, RT-PCR results reveal that 1 μg/ml LPS dramatically elevated the mRNA levels of IL-6 (4.1 ± 0.53), IL-1β (5.6 ± 0.69), and TNF-α (6.5 ± 0.71) in RAW 264.7 cells relative to control cells. Pre-intervention with 50 or 100 nM nesfatin-1 suppressed the increases in IL-6, IL-1β, and TNF-α mRNA levels. Meanwhile, the elevated protein levels of IL-6 (98.6 ± 9.6 vs. 15.7 ± 1.7 pg/ml), IL-1β (33.4 ± 3.6 vs. 127.8 ± 14.9 pg/ml), and TNF-α (84.9 ± 8.7 vs. 284.3 ± 31.2 pg/ml) in 1 μg/ml LPS-treated RAW 264.7 cells were significantly decreased after 50 or 100 nM nesfatin-1 treatment (Fig. 5B).[image: ]
Fig. 5Nesfatin-1 attenuated inflammatory response in LPS-stimulated RAW 264.7 cells. Cells were treated with LPS (1 μg/mL) in the presence and absence of Nesfatin-1 (50, 100 nM). (A) The mRNA levels of IL-6, IL-1β, and TNF-α; (B) Protein levelsof IL-6, IL-1β and TNF-α (***P < 0.0001 vs. vehicle group; #, ##, P < 0.01, 0.001 vs. LPS treatment group)


Nesfatin-1 inhibited oxidative stress in LPS-induced RAW 264.7 cells
LPS is well known as an important risk factor in oxidative injury during ALI. Therefore, LPS is widely used to stimulate macrophages to establish oxidative stress models [19]. As shown in Fig. 6A, ROS production was increased rapidly by 3.1-fold in LPS-induced RAW 264.7 cells with higher fluorescence. However, the increased ROS production was effectively suppressed by nesfatin-1 (50 or 100 nM) treatment. Also, we found that nesfatin-1 (50 or 100 nM) treatment significantly improved the decreased SOD activity (0.53-fold) in LPS-induced RAW 264.7 cells (Fig. 6B).[image: ]
Fig. 6Nesfatin-1 alleviated oxidative stress in LPS-stimulated RAW 264.7 cells. Cells were treated with LPS (1 μg/mL) in the presence and absence of Nesfatin-1 (50, 100 nM). (A) ROS level was detected using an intracellular fluorophore (DCFH-DA) assay; (B) Activity of SOD was detected using SOD activity assay kit (***P < 0.0001 vs. vehicle group; #, ##, P < 0.01, 0.001 vs. LPS treatment group)


Nesfatin-1 inhibited the activation of the p38 MAPK/c-Jun pathway
As shown in Fig. 7A–B, the phosphorylation of p38 and that of c-Jun in RAW 264.7 cells were induced by LPS (1 μg/ml), evidenced by the increased expression levels of p-p38 (2.7-fold) and p-c-Jun (3.2-fold). The inductive effects of LPS (1 μg/ml) on p38 and c-Jun phosphorylation were prevented by nesfatin-1 (50 or 100 nM) treatment.[image: ]
Fig. 7Nesfatin-1 inhibited the phosphorylation of p-p38 and c-jun in LPS-stimulated RAW 264.7 cells. Cells were treated with LPS (1 μg/mL) in the presence and absence of Nesfatin-1 (50, 100 nM). (A). Levels of phosphorylated p38; (B) Levels of phosphorylated c-Jun (***P < 0.0001 vs. vehicle group; #, ##, P < 0.01, 0.001 vs. LPS treatment group)


Nesfatin-1 inhibited the activation of the NF-κB pathway
Next, we analyzed the phosphorylation of p65 via Western blot, which is presented in Fig. 8. We could find that the levels of p-p65 were markedly increased by 2.9-fold in cells treated with LPS (1 μg/ml). The change in p-p65 expression was abolished after treatment with nesfatin-1 (50 or 100 nM).[image: ]
Fig. 8Nesfatin-1 inhibited the activation of NF-κB in LPS-stimulated RAW 264.7 cells. Cells were treated with LPS (1 μg/mL) in the presence and absence of Nesfatin-1 (50, 100 nM). The levels of p-p65 were measured (***P < 0.0001 vs. vehicle group; #, ##, P < 0.01, 0.001 vs. LPS treatment group)


Discussion
Nesfatin-1 is known to be involved in inflammatory responses under various pathological conditions. Treatment with nesfatin-1 protects human aortic endothelial cells (HAECs) from free fatty acids (FFAs)-induced inflammatory injury with decreased release of lactate dehydrogenase (LDH) and generation of inflammatory factors via the Gfi1/NF-κB signaling pathway. Nesfatin-1 ameliorates osteoarthritis in a rat model and suppresses cartilage matrix destruction, inflammation, and apoptosis in IL-1β-induced chondrocytes. Nesfatin-1 attenuates acute myocardial infarction (MI) in a rat model by regulating reperfusion-caused oxidative and inflammatory injury. Nesfatin-1 exerts a protective effect on retinal epithelial cells against high glucose-induced inflammatory injury [20]. These findings indicate that nesfatin-1 is involved in the development of inflammation-related diseases.
We explored the role of nesfatin-1 in ALI, which showed that nesfatin-1 expression was downregulated in the lung tissues in ALI mice. Nesfatin-1 treatment ameliorated the inflammatory response and lung tissue damage in LPS-induced ALI in mice. Consistent with our results, recent research [10] reported the potential effect of nesfatin-1 against LPS- induced ALI. They measured the expressions of IL-1β and TNF-α in LPS- challenged epithelial cells. They found that treatment with nesfatin-1 significantly attenuated the secretion of these two proinflammatory cytokines, demonstrating the inhibitory effect of nesfatin-1 on LPS- induced inflammatory response. Furthermore, they also found that nesfatin-1 suppressed oxidative stress by reducing the generation of ROS and production of malondialdehyde (MDA), and rescuing the production of SOD and Glutathione Peroxidase (GSH-Px), supporting the conclusion from our findings. Hui et al. [21] reported that inflammatory responses including inflammatory cytokine expression and adherent neutrophils accumulation are higher in nesfatin-1-knockout mice than in wild-type mice, implying that loss of nesfatin-1 increases LPS- induced ALI in mice. Our results together with previous studies show that nesfatin-1 exerts a protective effect against ALI. However, the underlying mechanisms must be fully understood.
The underlying immunological mechanism of ALI is related to the uncontrolled excessive lung inflammation, which accounts for the high mortality rate [22]. Macrophages are heterogeneous cell components and serve a key role in the pathogenesis of ALI [23]. Following exposure to pulmonary toxicants, an accumulation of the M1 macrophages (proinflammatory/cytotoxic) is observed at sites of tissue injury, followed by the appearance of M2 macrophages (anti-inflammatory/wound repair) [24]. Thus, the balance between M1 and M2 subpopulations is crucial for the outcome of pathogenic responses to toxicants. Overactivation of either the M1 or M2 subpopulation may serve as the pathogenesis of tissue injury [25]. It is thought that M1 macrophages are activated in response to a range of molecules, such as interferon (IFN)-γ, or in conjunction with TLR4 agonists or other cytokines. LPS is a ligand of TLR4 and develops the M1 macrophages, which generate and release diverse proinflammatory cytokines, proteolytic enzymes, bioactive lipids, cytotoxic RNS, and ROS [26]. Exaggerated activation of M1 macrophages contributes to the persistent inflammation and development of ALI. These evidences indicate that excessively accumulating M1 macrophages play a role in ALI. Here, we investigated whether nesfatin-1 could regulate the LPS-mediated activation of M1 macrophages. In this study, LPS treatment converted macrophages to the M1 phenotype, which exerts inflammatory properties. ELISA revealed a remarkable increase in the expression of proinflammatory cytokines including IL-6, IL-1β, and TNF-α in M1 macrophages. However, nesfatin-1 attenuated the generation and release of proinflammatory cytokines in RAW 264.7 cells in response to LPS induction. Nesfatin-1 also inhibited ROS production and improved SOD activity in LPS- induced RAW 264.7 cells.
In monocytes, LPS stimulation induces activation of a broad range of signaling pathways and transcription factors [27]. Specifically, LPS stimulation binds to LPS-binding protein (LBP) to form a complex, which is then transferred to CD14 locatedon the cell surface [28, 29]. Subsequently, LPS interacts with TLR4 and the accessory protein MD-2, which leads to the activation of intracellular kinases [30, 31]. Among these kinases, MAPK including the ERK, JNK, and p38 pathways, as well as the IKK pathways are important for the activation of various transcription factors, such as c-Jun, c-Fos, ATF-1/2, CREB, and p65 [27]. We found that p38 MAPK/c-Jun and IKK/NF-κB pathways were inhibited by nesfatin-1, as shown by the decreased expression levels of p-p38, p-c-Fos, and p-p65. Recently, Wang ZZ et al. reported that Nesfatin-1 reduces the expression of high-mobility group protein B1 (HMGB1) in LPS- stimulated BEAS-2B cells, and inhibits activation of the p38MAPK/NF-κB pathways. However, overexpression of HMGB1 attenuated the protective benefits of nesfatin-1 on ALI [10]. Moreover, Sun H et al. demonstrated that the anti-inflammatory and antioxidant effects of nesfatin-1 on high glucose-treated human retinal epithelial cells were modulated by HMGB1 [20]. Although we did not measure the expression of HMGB1, these findings suggest that the inhibitory effect on the p38MAPK/c-Jun/NF-κB pathways might be mediated by HMGB1.
Collectively, nesfatin-1 alleviated LPS-induced ALI in mice models and alleviated LPS-mediated activation of M1 macrophages. Therefore, the protective property of nesfatin-1 in ALI might be attributed to regulating inflammatory response through macrophages modulation. The limitation of the current study should be addressed. An important limitation is that the molecular mechanisms whereby Nesfatin-1 ameliorated the inflammatory response and lung tissue damage in LPS-induced ALI in mice are still unknown. It should be noted that the pathological mechanism of ALI is complicated and needs to be elucidated. In addition to macrophages, there are several types of cells involved in the initiation and progression of ALI. Despite numerous studied interventions, there are no effective pharmacological therapies for treating ALI to substantially reduce mortality and improve the patients’ quality of life. Although our in vivo experiments using a LPS-challenged rodent model and in vitro experiments using macrophages shed light on the promising application of Nesfatin-1 in ALI, these results are still preliminary. Further investigations with comprehensive models, even clinical trials, will provide more evidence.
Author contributions
HC, YZ, and LC conceived and designed the experiments. YZ and LC performed the publication searches and selection. HC YW prepared the figures. YW wrote and revised the paper. All authors reviewed the manuscript. All authors read and approved the final manuscript.

Funding
This study was supported by the basic research fund from “Xiantao First People’s Hospital Affiliated with Yangtze University” (WJ2018H185).

Availability of data materials
The data that support the findings of this study are available from the corresponding author upon reasonable request.

Declarations
Ethical approval and consent to participate
This study conformed to the ethical guidelines of Xiantao First People’s Hospital Affiliated with Yangtze University.

Consent to publication
All the authors have read and approved the final submission of this study.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Mokra D, Kosutova P. Biomarkers in acute lung injury. Respir Physiol Neurobiol. 2015;209:52–8.Crossref

	2.
Butt Y, Kurdowska A, Allen TC. Acute lung injury: a clinical and molecular review. Arch Pathol Lab Med. 2016;140(4):345–50.Crossref

	3.
Li D, Ren W, Jiang Z, Zhu L. Regulation of the NLRP3 inflammasome and macrophage pyroptosis by the p38 MAPK signaling pathway in a mouse model of acute lung injury. Mol Med Rep. 2018;18(5):4399–409.PubMedPubMedCentral

	4.
Abedi F, Hayes AW, Reiter R, Karimi G. Acute lung injury: the therapeutic role of Rho kinase inhibitors. Pharmacol Res. 2020;155:104736.Crossref

	5.
Gonzalez-Lopez A, Albaiceta GM. Repair after acute lung injury: molecular mechanisms and therapeutic opportunities. Crit Care. 2012;16(2):209.Crossref

	6.
Dore R, Levata L, Lehnert H, Schulz C. Nesfatin-1: functions and physiology of a novel regulatory peptide. J Endocrinol. 2017;232(1):R45–65.Crossref

	7.
Ozturk Ozkan G. Effects of nesfatin-1 on food intake and hyperglycemia. J Am Coll Nutr. 2020;39(4):345–51.Crossref

	8.
Wei Y, Li J, Wang H, Wang G. NUCB2/nesfatin-1: expression and functions in the regulation of emotion and stress. Prog Neuropsychopharmacol Biol Psychiatry. 2018;81:221–7.Crossref

	9.
Weibert E, Hofmann T, Stengel A. Role of nesfatin-1 in anxiety, depression and the response to stress. Psychoneuroendocrinology. 2019;100:58–66.Crossref

	10.
Wang ZZ, Chen SC, Zou XB, Tian LL, Sui SH, Liu NZ. Nesfatin-1 alleviates acute lung injury through reducing inflammation and oxidative stress via the regulation of HMGB1. Eur Rev Med Pharmacol Sci. 2020;24(9):5071–81.PubMed

	11.
Cetinkaya H, Karagoz B, Bilgi O, Ozgun A, Tuncel T, Emirzeoglu L, Top C, Kandemir EG. Nesfatin-1 in advanced lung cancer patients with weight loss. Regul Pept. 2013;181:1–3.Crossref

	12.
Leivo-Korpela S, Lehtimaki L, Hamalainen M, Vuolteenaho K, Koobi L, Jarvenpaa R, Kankaanranta H, Saarelainen S, Moilanen E. Adipokines NUCB2/nesfatin-1 and visfatin as novel inflammatory factors in chronic obstructive pulmonary disease. Mediators Inflamm. 2014;2014:232167.Crossref

	13.
Assallum H, Song TY, Aronow WS, Chandy D. Obstructive sleep apnoea and cardiovascular disease: a literature review. Arch Med Sci. 2019;17(5):1200–12.Crossref

	14.
Ehrentraut H, Weisheit CK, Frede S, Hilbert T. Inducing acute lung injury in mice by direct intratracheal lipopolysaccharide instillation. J Vis Exp. 2019;149:e59999.

	15.
Aulakh GK, Suri SS, Singh B. Angiostatin inhibits acute lung injury in a mouse model. Am J Physiol Lung Cell Mol Physiol. 2014;306(1):L58-68.Crossref

	16.
Xie HB, Chai HF, Du XH, Cui RN, Dong YN. Overexpressing long non-coding RNA OIP5-AS1 ameliorates sepsis-induced lung injury in a rat model via regulating the miR-128-3p/Sirtuin-1 pathway. Bioengineered. 2021;12(2):9723–38.Crossref

	17.
Duan W, Chan JH, Wong CH, Leung BP, Wong WS. Anti-inflammatory effects of mitogen-activated protein kinase kinase inhibitor U0126 in an asthma mouse model. J Immunol. 2004;172(11):7053–9.Crossref

	18.
Li PY, Gu LB, Bian QM, Jiao D, Xu ZP, Wang LJ. Long non-coding RNA MALAT1 enhances the protective effect of dexmedetomidine on acute lung injury by sponging miR-135a-5p to downregulate the ratio of X-box binding proteins XBP-1S/XBP-1U. Bioengineered. 2021;12(1):6377–89.Crossref

	19.
Naseroleslami M, Sharifi M, Rakhshan K, Mokhtari B, Aboutaleb N. Nesfatin-1 attenuates injury in a rat model of myocardial infarction by targeting autophagy, inflammation, and apoptosis. Arch Physiol Biochem 2020;1–9.

	20.
Sun H, Zhao H, Yan Z, Liu X, Yin P, Zhang J. Protective role and molecular mechanism of action of nesfatin-1 against high glucose-induced inflammation, oxidative stress and apoptosis in retinal epithelial cells. Exp Ther Med. 2021;22(2):833.Crossref

	21.
Hui J, Aulakh GK, Unniappan S, Singh B. Loss of nucleobindin-2/nesfatin-1 increases lipopolysaccharide-induced murine acute lung inflammation. Cell Tissue Res. 2021;385(1):87–103.Crossref

	22.
Fan EKY, Fan J. Regulation of alveolar macrophage death in acute lung inflammation. Respir Res. 2018;19(1):50.Crossref

	23.
Herold S, Mayer K, Lohmeyer J. Acute lung injury: how macrophages orchestrate resolution of inflammation and tissue repair. Front Immunol. 2011;2:65.Crossref

	24.
Laskin DL, Malaviya R, Laskin JD. Role of macrophages in acute lung injury and chronic fibrosis induced by pulmonary toxicants. Toxicol Sci. 2019;168(2):287–301.Crossref

	25.
Chen X, Tang J, Shuai W, Meng J, Feng J, Han Z. Macrophage polarization and its role in the pathogenesis of acute lung injury/acute respiratory distress syndrome. Inflamm Res. 2020;69(9):883–95.Crossref

	26.
Li Z, Scott MJ, Fan EK, Li Y, Liu J, Xiao G, Li S, Billiar TR, Wilson MA, Jiang Y, et al. Tissue damage negatively regulates LPS-induced macrophage necroptosis. Cell Death Differ. 2016;23(9):1428–47.Crossref

	27.
Guha M, Mackman N. LPS induction of gene expression in human monocytes. Cell Signal. 2001;13(2):85–94.Crossref

	28.
Schumann RR, Leong SR, Flaggs GW, Gray PW, Wright SD, Mathison JC, Tobias PS, Ulevitch RJ. Structure and function of lipopolysaccharide binding protein. Science. 1990;249(4975):1429–31.Crossref

	29.
Wright SD, Ramos RA, Tobias PS, Ulevitch RJ, Mathison JC. CD14, a receptor for complexes of lipopolysaccharide (LPS) and LPS binding protein. Science. 1990;249(4975):1431–3.Crossref

	30.
Shimazu R, Akashi S, Ogata H, Nagai Y, Fukudome K, Miyake K, Kimoto M. MD-2, a molecule that confers lipopolysaccharide responsiveness on Toll-like receptor 4. J Exp Med. 1999;189(11):1777–82.Crossref

	31.
Yang H, Young DW, Gusovsky F, Chow JC. Cellular events mediated by lipopolysaccharide-stimulated toll-like receptor 4. MD-2 is required for activation of mitogen-activated protein kinases and Elk-1. J Biol Chem. 2000;275(27):20861–6.Crossref



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/13019_2022_1952_Fig7_HTML.png
(A) LPS - + + +
Nesfatin-1 - - 5 10nM *kk
a3
o #
Mm 2 -
P33 w— e —— O
B'Actln 1 J
 —  — — —
0 - ,
LPS - + + +
Nesfatin-1 - - 5 10 nM
(B) LPS - + + + 4 -
Nesfatin-1 - - 5 10 nM *kk
P-CJUN — G W — 31 "

p-c-Jun Protein
N

| J
o 4

LPS - + +
Nesfatin-1 - - 5 10 nM






OEBPS/navigation.xhtml

    
      Contents


      
        		Nesfatin-1 alleviated lipopolysaccharide-induced acute lung injury through regulating inflammatory response associated with macrophages modulation


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/13019_2022_1952_Fig4_HTML.png
-
L

cell viability
©
(3.}

I

Nesfatin-1 0 400 nM






OEBPS/images/13019_2022_1952_Fig1_HTML.png
-
>
-
—

Nesfatin-1 mRNA

0.5

Control

*%k%

ALl

(B)

Control ALl
Nesfatin-1 sy w -

B-Actin g W

Nesfatin-1 Protein

1.5

0.5

Control

*k%k

ALI






OEBPS/images/13019_2022_1952_Fig8_HTML.png
LPS - + + +
Nesfatin-1 - - 5 10 nM

PP e ——
PG5 s ———

B-Actin (e

4 -
*%k%k

£ 3
g #
1™
o o2 ##t
n
o
2
n-1‘<. l
0_

LPS - + + -

Nesfatin-1 - - 5 10 nM





OEBPS/images/13019_2022_1952_Fig6_HTML.png
(A) 47 (B) 1
*%k%k
3 #
1 4
2 -
3 ## 8
L D 05 -
| J
o . 4
LPS - + + + LPS -

Nesfatin-1 - - 5 10 nM Nesfatin-1 - - 10 nM





OEBPS/images/13019_2022_1952_Fig3_HTML.png
E

Cell number (X10%mice)

= Control

=AL
= ALl +Nesfatin-1
= Nesfatin-1

*kk

Total neutrophilsv

Total lymphocytes

*k%k

Total macrophages

—_
w
-

Protein levels (pg/ml)

250 4

200 -

150 -

100 -

50 -

= Control

= ALl

= ALI+Nesfatin-1
= Nesfatin-1

IL-6

IL-18

TNF-a





OEBPS/images/13019_2022_1952_Fig2_HTML.png
Control

Inflammation scores
- N w £
#*
#*
F*

Control ALl ALl+Nesfatin-1 Nesfatin-1





OEBPS/css/envelope.png





OEBPS/images/13019_2022_1952_Fig5_HTML.png
(A)

MRNA
© 2N W A OO N ®

= Vehical

= LPS

= LPS+Nesfatin-1 ( 50nM)
= LPS+Nesfatin-1 (100nM)

IL-6

IL-18

TNF-a

Protein (pg/ml)

(B)
350

300 -

250
200
150
100
50
0

= Vehical

= LPS

= LPS+Nesfatin-1 ( 50nM)
= LPS+Nesfatin-1 (100nM)

IL-6 IL-18 TNF-a





OEBPS/css/sidebar.gif





