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Abstract

AIM: To determine the effects of BN52021 on platelet-activating factor receptor (PAFR) signaling molecules under lipopolysaccharide (LPS)-induced inflammatory conditions in MS1 cells. 
METHODS: MS1 cells (a mouse pancreatic islet endothelial cell line) were grown in DMEM supplemented with 10% fetal bovine serum (FBS), 2 mM glutamine and 100 μg/mL penicillin/streptomycin in 5% CO2 at 37 ℃. After growth to confluency in media, the cells were processed for subsequent studies. The MS1 cells received 0, 0.1, 1, and 10 μg/mL LPS in this experiment. The viabillty/proliferation of the cells induced by LPS was observed using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay. Apoptosis and necrosis of the cells under the inflammatory condition described previously were observed using Hoechest 33342-PI staining. Adenylate cyclase (AC), phospholipase A2 (PLA2), phospholipase Cβ (PLCβ), protein tyrosine kinase (PTK), G protein-coupled receptor kinases (GRK) and p38-mitogen-activated protein kinase (p38 MAPK) mRNA in the PAFR signaling pathway were measured by real-time PCR. The protein expression level of phosphorylated adenylate cyclase (p-AC), phosphorylated phospholipase A2 (p-PLA2), phosphorylated protein tyrosine kinase (p-PTK), phosphorylated p38-mitogen-activated protein kinase (p-p38 MAPK), PLCβ and GRK was measured using western blot analysis.
RESULTS: The activity of MS1 cells incubated with different concentrations of LPS for 6 h decreased significantly in the 1 μg/mL LPS group (0.49 ± 0.10 vs 0.67 ± 0.13, P < 0.05) and 10 μg/mL LPS group (0.44 ± 0.10 vs 0.67 ± 0.13, P < 0.001), but not in 0.1 μg/mL group (P > 0.05). When the incubation time was extended to 12 h (0.33 ± 0.05, 0.32 ± 0.03 and 0.25 ± 0.03 vs 0.69 ± 0.01) and 24 h (0.31 ± 0.01, 0.29 ± 0.03 and 0.25 ± 0.01 vs 0.63 ± 0.01), MS1 cell activity decreased in all LPS concentration groups compared with the blank control (P < 0.001). BN52021 significantly improved the cell activity when its concentration reached 50 μmol/L compared with the group that received LPS treatment alone, which was consistent with the results obtained from fluorescence staining. The mRNAs levels of AC (4.02 ± 0.14 vs 1.00 ± 0.13), GRK (2.63 ± 0.03 vs 1.00 ± 0.12), p38 MAPK (3.87 ± 0.07 vs 1.00 ± 0.17), PLA2 (3.31 ± 0.12 vs 1.00 ± 0.12), PLCβ (2.09 ± 0.08 vs 1.00 ± 0.06) and PTK (1.85 ± 0.07 vs 1.00 ± 0.11) were up-regulated after LPS stimulation as compared with the blank control (P < 0.05). The up-regulated mRNAs including AC (2.35 ± 0.13 vs 3.87 ± 0.08), GRK (1.17 ± 0.14 vs 2.65 ± 0.12), p38 MAPK (1.48 ± 0.18 vs 4.30 ± 0.07), PLCβ (1.69 ± 0.10 vs 2.41 ± 0.13) and PLA2 (1.87 ± 0.11 vs 2.96± 0.08) were significantly suppressed by BN52021 except for that of PTK (P > 0.05). The level of p-AC (1.11 ± 0.12 vs 0.65 ± 0.08), GRK (0.83 ± 0.07 vs 0.50 ± 0.03), PLCβ (0.83 ± 0.16 vs 0.50 ± 0.10) and p-p38 MAPK (0.74 ± 0.10 vs 0.38 ± 0.05) was up-regulated after LPS stimulation as compared with the blank control (P < 0.05). The up-regulated proteins, including p-AC (0.65 ± 0.15 vs 1.06 ± 0.14), GRK (0.47 ± 0.10 vs 0.80 ± 0.06), PLCβ (0.47 ± 0.04 vs 0.80 ± 0.19) and p-p38 MAPK (0.30 ± 0.10 vs 0.97 ± 0.05), was significantly suppressed by BN52021, but p-PLA2 and p-PTK protein level were not suppressed.
CONCLUSION: BN52021 could effectively inhibit LPS-induced inflammation by down-regulating the mRNA and protein levels of AC, GRK, p38 MAPK, PLA2 and PLCβ in the PAFR signaling pathway.
© 2013 Baishideng. All rights reserved.
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Core tip: Microcirculatory disorder is considered to be one of the possible mechanisms of pathogenesis of severe acute pancreatitis (SAP). Platelet-activating factor (PAF) is known to mediate microcirculatory disturbance and inflammation. Although BN52021, a PAF receptor antagonist, has demonstrated significant treatment effects on SAP, its mechanism has not been elucidated in detail. In this study, we examined the signaling molecules of the PAFR pathway to evaluate whether BN52021 has any influence on the inflammatory effects induced by lipopolysaccharide in MS1 cells, hoping to elucidate the mechanism underlying microcirculatory disturbances in the pathogenesis of SAP in vitro.
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INTRODUCTION
Acute pancreatitis (AP) is an inflammatory disease that can develop into severe acute pancreatitis (SAP)[1]. SAP refers to AP associated with organ failure and/or local complications such as necrosis, pseudocyst or abscess, which is a disease of high morbidity and mortality with an unpredictable clinical course[2, 3]. There is no clinically effective therapeutic strategy for SAP, because the pathogenesis of the disease remains largely unclarified. The possible explanations for the pathogenesis of SAP include theories of self-digestion, leukocyte overactivation, microcirculatory disorder, bacterial shifting, and secondary infection, which is a second attack by immune functional change, cell apoptosis, oxygen-free radicals, and others from different aspects[4]. Accumulated evidence has proven that microcirculatory disorders are the key pathogenesis of AP. Many complications of SAP are due to the amplifying effects of microcirculatory disruption[5-10]. The inflammation of pancreatic microvascular endothelial cells induced by lipopolysaccharide is a suitable pancreatitis model to simulate the microcirculatory disturbances in vitro.

Platelet-activating factor (PAF), a bioactive phospholipid synthesized and secreted by a variety of cells including pancreatic acini and microvascular endothelium cells[11], is known to mediate many physiological responses such as microcirculatory disturbance and inflammation. AP causes the release of PAF, which induces systemic effects that contribute to circulatory disturbance and multiple organ failure[1]. PAF can significantly potentiate pancreatic tissue damage, increase serum amylase and lipase levels, cause scattered hemorrhages and may serve as a primary mediator of inflammation in the pathological progress of SAP[1, 7, 12]. A single injection of PAF into the superior pancreaticoduodenal artery of rabbits induces dose-dependent morphologic alterations of the pancreatic tissue and increased serum amylase levels[13]. Our previous research revealed that PAF was stably expressed in the rat pancreas tissue and played an important role in inflammatory response during the procession of SAP[4, 14]. PAF could produce physiological and pathological effects by binding to its cell surface receptor, platelet-activating factor receptor (PAFR). Flickinger et al[15] revealed specific localization of PAFR in the pancreatic vascular endothelium but not in other pancreatic cell types. Recent studies have demonstrated that bacterial LPS can induce an increase in the surface expression of PAF receptors[16]. Our recent study demonstrated that BN52021 exerted biological effects through inhibiting the increased PAF level and binding potential with PAFR rather than through decreasing PAFR expression in the pancreatic tissue[17]. Through binding with PAFR, PAF may, through G-protein transduction, activate phospholipase C, phospholipase A2, adenylate cyclase and tyrosine protein kinase, leading to the occurrence and development of SAP[18].
PAFR antagonists can block a series of inflammatory injuries caused by PAF, thereby improving the AP prognosis as a preventive treatment[19]. Research on such a potential therapy has helped elucidate the role of PAF in AP[20]. It was observed that BN52021 extracted from Ginkgo biloba leaves could act as a potent antagonist of PAFR[21], and BN52021 can inhibit the PAF-induced cascade effect in inflammatory reactions, exhibiting an anti-shock effect by reducing the portal vein pressure of liver cirrhosis[22, 23]. In experimental pancreatitis models and clinical trials, the administration of several PAF antagonists significantly reduced the level of serum amylase, leukocyte infiltration, and improved capillary blood flow in the pancreas and distant organs, as well as the renal and respiratory functions and the survival rate. BN52021 could significantly reduce vascular permeability, pancreatic edema, hyperamylasemia, diminute superoxide dismutase activity, and inhibit lipid peroxidation in the pancreatic tissue. These changes were accompanied by a significant reduction of acinar cell vacuolization and a remarkable inhibition of inflammatory cell infiltration in the interacinar space[24, 25]. Our recent studies have also shown a therapeutic effect of BN52021 on experimental SAP[26-28], but its mechanism is not yet fully understood. 
In this study, we examined signaling molecules of the PAFR pathway to evaluate whether a PAF receptor antagonist (BN52021) had any influence on the inflammatory effects induced by lipopolysaccharide in MS1 cells, hoping to elucidate the mechanism underlying the microcirculatory disturbances in the pathogenesis of SAP in vitro. 

MATERIALS AND METHODS
Chemicals and reagents

Chemicals and reagents used in this study included BN52021, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and lipopolysaccharide (LPS, Sigma-Aldrich, St. Louis, MO, United States); Dulbecco’s modified Eagle’s medium (DMEM, Gibco/Invitrogen, Carlsbad, CA, United States); the mouse primers for the Adcy1 (AC), Pla2g4a (PLA2), Plcb3 (PLCβ), Ptk7 (PTK), Adrbk1 (GRK), Mapk14 (p38 MAPK) and Gapdh (GAPDH) genes (Beijing AuGCT DNA-SYN Biotechnology Co., Ltd., Beijing, China); rabbit polyclonal antibodies of p-PTK and p-AC (Abcam, Cambridge, MA, United States); rabbit polyclonal antibodies for GRK2 and p-p38 MAPK (Epitomics, Burlingame, CA, United States); rabbit polyclonal antibody for p-PLA2 (Cell Signaling Technology, Beverly, MA, United States); rabbit polyclonal antibody for PLCβ (Santa Cruz, Dallas, TX, United States); rabbit polyclonal antibody for β-actin (Abmart, Arlington, MA, United States); protein molecular weight markers, RT-PCR kit and qPCR kit (Beijing TransGen Biotech Co., Ltd, Beijing, China); and polyvinylidene fluoride (PVDF) membranes (BD Biosciences, BD Corporation, MA, United States).

Cell culture

MS1 cell line (a mouse pancreatic islet endothelial cell line firstly established in 1994) was purchased from Shanghai Institute of Cell Biology of the Chinese Academy of Sciences (Shanghai, China). Cells were grown in DMEM supplemented with 10% fetal bovine serum (FBS), 2 mmol/L glutamine and 100 μg/mL penicillin/streptomycin in 5% CO2 at 37 ℃. After grown to confluency in media, the cells were processed for subsequent studies.

MTT colorimetric assay
The viabillty/proliferation of the cells induced by LPS was observed using a MTT colorimetric assay as previously described[29]. MS1 cells received 0, 0.1, 1, and 10 μg/mL LPS in this experiment. Briefly, the cells were trypsinized with trypsin-EDTA, followed by incubation with DMEM in the presence of 10% FBS to inhibit trypsin activity. The cell pellets were then resuspended in DMEM with 10% FBS to a concentration of 1 × 104 cells/mL. Two hundred microliters of the cell suspension containing approximately 2000 cells was inoculated into selected wells of the 96-well plate. After the cells grew to 75% confluence, 20 μL of MTT solution was added to each well, and cultured for 4 h. Next, the medium was removed by inverting and tapping the plates, and 150 μL of DMSO was added to each well. The spectrophotometric absorbance at 490 nm was measured by a Titertek Multiscan ELISA reader. Each experiment was repeated at least three times. Every experimental condition was repeated at least in triplicate wells for each experiment.
Hoechst 33342/propidium iodide staining

The apoptosis and necrosis of the cells under the conditions described previously were observed by Hoechest 33342-propidium iodide (PI) staining[30]. MS1 cells were plated in a 6-well plate and co-incubated with media, LPS, LPS+DMSO and LPS+BN52021 when the cells achieved 90% confluence. The cells were washed twice with PBS. After the addition of 5 μL of Hoechst 33342 staining solution, the cells were stained with PI in the dark for 20-30 min at 4 ℃ and washed twice with PBS. Cells with blue and red fluorescence were examined under a fluorescence microscope.
Real-time quantitative reverse transcriptase polymerase chain reaction

The mRNAs levels of AC, PLA2, PLCβ, PTK, GRK and p38 MAPK were measured by real-time PCR. In detail, MS1 cells were plated in a 6-well plate and co-incubated with media, LPS, LPS+DMSO and LPS+BN52021 when the cells achieved 90% confluence. The cells were collected, and the total RNA was extracted with a Trizol RNA reagent kit according to the manufacturer’s instructions. In addition, 2 μL (1 μg) of total RNA was added to the reverse transcription kit MIX system, and reverse-transcribed PCR was performed by random priming. The resulting complementary DNA amount was measured by quantitative PCR analysis using the GeneAmp 5700 Sequence Detection System and Step One Plus Real-Time PCR System (Applied Biosystems). The qPCR primer sequences are available online as indicated in TABLE. 1. All expression data were normalized to the data for Gapdh. A no-template, double-distilled water control was included for each template. All samples were amplified simultaneously in triplicate in a single run. The relative quantitative gene expression was calculated as previously described and expressed as the percentage of the control level[31]. 

Western blotting
The protein expression level of phosphorylated adenylate cyclase (p-AC), phosphorylated phospholipase A2 (p-PLA2), phosphorylated protein tyrosine kinase (p-PTK), phosphorylated p38-mitogen-activated protein kinase (p-p38 MAPK), PLCβ and GRK was measured using Western blot analysis. In detail, MS1 cells were plated in a 6-well plate and co-incubated with media, LPS, LPS+DMSO and LPS+BN52021 for 24 h when the cells achieved 90% confluence. The cells were washed twice with 0.1 M PBS and then lysed in RIPA lysis buffer (Tris-HCl 10 mmol/L, pH 7.4; Nacl, 0.15 mmol/L; EDTA, 0.5 mmol/L; PMSF, 10 mmol/L; Tritonx-100, 1%; DTT 40 mmol/L). The protein concentration of the lysate was determined using a BCA protein assay kit (Beyotime Institute of Biotechnology, Beijing, China). Cell lysates containing 60 mg of protein were subjected to SDS-PAGE using 12% polyacrylamide resolving gels. After electrophoresis, the proteins were transferred onto PVDF membranes, which were then blocked with 5% nonfat dry milk in TBS-0.05% Tween 20 (TBST) for 1 h at room temperature, washed in TBST for 10 min × 3, and incubated at 4 ℃ with gentle shaking overnight with rabbit primary antibodies against the protein of interest at corresponding dilutions, followed by incubation with horseradish peroxidase conjugated to goat anti-rabbit IgG at 1:2000 dilution, incubation with 1 mL of enhanced chemiluminescence reagent for 3 min, and exposure to the film. The optical density (OD) of the protein of interest relative to that of β-actin was analyzed using Quantity One 4.6.2.

Statistical analysis

The data are expressed as the mean ± SE. The dose and time effects of LPS on the activity of MS1 cells were evaluated with a two-way ANOVA. The differences between three or more groups were evaluated by one-way ANOVA. A P value less than 0.05 (2-tailed) was considered statistically significant. All tests were performed using the statistical software package GraphPad 5.0 (GraphPad Software Inc., San Diego, CA, United States).

RESULTS
The dose and time effect of LPS on MS1 cell activity
MS1 cells received 0, 0.1, 1 and 10 μg/mL LPS to mimic the inflammation condition of AP in vitro. The optimal dose and duration of LPS stimulation were determined using the MTT method. As shown in Figure 1, there was no significant difference in MS1 cell activity between cells co-incubated with the different concentrations of LPS and control cells 3 h after culture (P > 0.05), but when the incubation time was extended to 6 h, MS1 cell activity decreased significantly in the 1 μg/mL LPS group (0.49 ± 0.10 vs 0.67 ± 0.13, P < 0.05) and 10 μg/mL LPS group (0.44 ± 0.10 vs 0.67 ± 0.13, P < 0.001), but not in the 0.1μg/mL group (P > 0.05) compared with the control group. When the incubation time was extended to 12h (0.33 ± 0.05, 0.32 ± 0.03 and 0.25 ± 0.03 vs 0.69 ± 0.01) and 24 h (0.31 ± 0.01, 0.29 ± 0.03 and 0.25 ± 0.01 vs 0.63 ± 0.01), MS1 cell activity decreased in all LPS concentration groups compared with the blank control (P < 0.001). Therefore, we chose the concentration 10 μg/mL LPS for the 24-h stimulation as the optimal protocol in the following experiments.
The dose effect of BN52021 on LPS-induced inflammation

The dose effect of BN52021 on LPS-induced inflammation was determined using the MTT method and Hoechst 33342/PI staining. The MS1 cell activity was significantly decreased 24 h after administration of 10 ug/mL LPS compared with the control group (P < 0.01). Pretreatment with BN52021 20 min before incubation with LPS significantly improved the cell activity compared with the group receiving LPS only when its concentration reached 50 μmol/L, which was consistent with the results obtained by Hoechst 33342/PI staining (P < 0.05) (Figure 2). Therefore, the concentration of 50 μmol/L BN52021 was used for pretreatment in the following experiments.
Effect of BN52021 on PAFR signaling molecules at the mRNA level in LPS-induced inflammation 
The mRNAs levels of AC (to 4.02 ± 0.14 folds), GRK (to 2.63 ± 0.03 folds), p38 MAPK (to 3.87 ± 0.07 folds), PLA2 (to 3.31 ± 0.12 folds), PLCβ (to 2.09 ± 0.08 folds) and PTK (to 1.85 ± 0.07 folds) were up-regulated after LPS stimulation compared with the blank control (P < 0.05). The up-regulated mRNAs were significantly suppressed by BN52021, except for that of PTK (fold-change relative to control, 1.83 ± 0.13, P > 0.05), including that of AC (fold-change relative to control, down to 2.35 ± 0.13), GRK (down to 1.17 ± 0.14), p38 MAPK (down to 1.49 ± 0.18), PLCβ (down to 2.09 ± 0.08) and PLA2 (down to 1.87 ± 0.11), as shown in Figure 3.
Effect of BN52021 on PAFR signaling molecules at the protein level in LPS-induced inflammation
The level of p-AC (fold-change relative to control, increase from 0.65 ± 0.08 to 1.11 ± 0.12), GRK (increase from 0.50 ± 0.03 to 0.83 ± 0.07), PLCβ (increase from 0.50 ± 0.10 to 0.83 ± 0.16) and p-P38 MAPK (increase from 0.38 ± 0.05 to 0.74 ± 0.10) was up-regulated after LPS stimulation compared with the blank control (P < 0.05). The up-regulated protein level was significantly suppressed by BN52021 for p-AC (decrease from 1.11 ± 0.12 to 0.65 ± 0.15), GRK (decrease from 0.83 ± 0.07 to 0.47 ± 0.10), PLCβ (decrease from 0.83 ± 0.16 to 0.47 ± 0.04) and p-p38 MAPK (decrease from 0.74 ± 0.10 to 0.30 ± 0.10). However, the level of p-PLA2 and p-PTK was not significantly up-regulated after LPS stimulation and was not significantly altered by BN52021, as shown in Figure 4.

DISCUSSION
In this study, we examined the signaling molecules of the PAFR pathway to evaluate whether the PAFR antagonist BN52021 had any influence on LPS-induced inflammation in MS1 cells. It was observed that BN52021 could sufficiently inhibit the inflammation, apoptosis and necrosis induced by LPS in pancreatic vascular endothelial cells. BN52021 could inhibit the up-regulation of signaling molecules in the PAFR pathway, which may help to explaining the mechanism underlying microcirculatory disturbance in the pathogenesis of AP.

PAF-induced microcirculatory disruption plays a key role in the pathogenesis of AP
Platelet-activating factor is a proinflammatory lipid mediator that plays a key role in many pathophysiological conditions, including asthma, ischemia, gastrointestinal ulceration, pancreatitis and multiple organ failure (MODS)[32]. A number of experimental studies suggest that the pathogenesis of AP correlates with microcirculatory disorders. An experiment that constricted interlobular pancreatic arteries 2 min after intraductal infusion of sodium taurocholate indicated that microcirculatory changes are closely related to the process of AP[6]. Many complications of SAP are due to the amplifying effect of microcirculatory disruption[7]. PAF is one of the most important vasoactive mediators activated during the inflammatory response to pancreatic injury that can cause microcirculatory disorders in AP. Recent data suggest that PAF can directly modulate microvascular permeability and increase venular permeability[10]. Increased microvessel permeability induced by PAF may be related directly to endothelial cell activation, adhesion molecule expression, and leukocyte activation[7, 8]. Increased capillary permeability permits the sequestration of macromolecules and fluid, causing deficiency of circulating blood volume and microcirculatory disorders[7]. In addition, vasospasm and microthrombus formation due to hypercoagulability can also lead to the deterioration of pancreatic microcirculation and pancreatic necrosis[7]. The treatment of AP with PAF antagonists can significantly improve capillary blood flow in the pancreas and colon, renal and respiratory function, and the survival rate and can stabilize capillary permeability and decrease fluid loss into the third space[33, 34]. As a preventive treatment, PAFR antagonists such as BN52021 can block a series of PAF-mediated inflammatory injuries, thus improving the prognosis of AP[1]. This protective effect of PAF antagonists further supports the role of PAF in microcirculatory disorders. 
LPS-induced inflammation of pancreatic microvascular endothelial cells is a suitable pancreatitis model to simulate microcirculatory disturbance in vitro. The MS1 cell line is a mouse pancreatic islet endothelial cell line first established in 1994. It can represent the pancreatic microvascular endothelium because previous studies[35] have verified that the pancreatic lobule is a structured and functional basic unit of pancreatic microcirculation, and insulo-acinar portal circulation represents the basic feature of the pancreatic microcirculation. Therefore, in this study, we examined the signaling molecules of the PAFR pathway in MS1 cells to evaluate whether the PAF receptor antagonist BN52021 had any influence on the LPS-induced inflammatory effect, hoping that it could help elucidate the mechanism underlying microcirculatory disturbance in the pathogenesis of SAP in vitro. Our results indicated that pretreatment with BN52021 for 20 min before incubation with LPS could significantly improve the MS1 cell activity compared with the group that received LPS treatment only.

PAFR signaling pathway plays a pivotal role in pancreatic proinflammatory response
In recent years, researchers have become concerned with the significance of the signal transduction pathway of PAF in the pathogenesis of AP[4, 22, 28], because it has been reported to induce morbidity and unacceptably high mortality[18]. However, the impact of a PAF receptor antagonist (BN52021) on the signaling molecules of the PAFR signaling pathway in pancreatic microvascular endothelial cells under the LPS-induced inflammatory condition remains unclear. 
PAFR is almost ubiquitous in diverse type cells and acts not only on the local pancreas cells, including the pancreatic vascular endothelium, but also on distant organs, inducing systemic inflammatory response and multiple organ injury[15]. PAFR belongs to the G protein-coupled receptor subfamily[36]. By binding to its receptor, PAF activates the associated G protein, which, in turn, activates phosphoinositide hydrolysis by phosphoinositide specific phospholipase C, arachidonic acid release by phospholipase A2, increases in intracellular Ca2+ concentration, activation of protein kinase C, and protein tyrosine kinase (PTK)[37]. PAF has also been shown to activate mitogen-activated protein kinases (MAPKs), including extracellular signal-regulated kinase (ERK)[38-42], p38 MAPK[38, 40, 41], and c-Jun N-terminal kinase (JNK)[43]. Deo et al[44] reported that PAF activated pertussis toxin-insensitive Gαq protein upon binding to its seven transmembrane receptors and adenylate cyclase, elevating cAMP levels, and thus activating protein kinase A (PKA) in human umbilical vein endothelial cells. GPCR kinase (GRK) plays a key role in the homologous desensitization of GPCR and GRK phosphorylate activated receptors, promoting high affinity binding of arrestins, thus precluding G protein coupling. Direct binding to active GPCRs activates GRKs so that they selectively phosphorylate only the activated form of the receptor regardless of the accessibility of the substrate peptides within it and their Ser/Thr-containing sequence[45]. Most GPCRs display a rapid loss of responsiveness in the continuing presence of chemoattractants in a process of desensitization that involves the phosphorylation of agonist-occupied GPCR by GPCR kinase (GRK)[46]. The inflammation in pancreatic vascular endothelial cells induced by LPS was suppressed by BN52021. This finding might contribute to an understanding of the mechanism underlying the microcirculatory disturbances in the pathogenesis of SAP.

According to our results, the mRNA and protein levels of AC, GRK, p38 MAPK, PLA2, and PTK were up-regulated after LPS stimulation compared with the blank control. The up-regulated AC, GRK, p38 MAPK and PLA2 mRNA and protein levels were significantly suppressed by BN52021, suggesting that BN52021 could effectively inhibit the apoptosis and necrosis of MS1 cells under the LPS-induced inflammatory condition. The mechanism underlying the inhibition might relate to the suppression effect of BN52021 on the up-regulation of AC, GRK, p38 MAPK and PLA2 mRNA and protein levels in the PAFR signaling pathway. 

Other potential mechanisms of PAFR antagonism in AP treatment 

It is known that PAFR is also able to interact with components of the bacterial wall, such as lipopolysaccharides[47] and phosphorylcholine[48]. The cell wall components exit the vasculature into the heart and brain, accumulating within endothelial cells, cardiomyocytes, and neurons in a PAFR-dependent way. The physiological consequences of the cell wall/PAFR interaction are cell specific, being noninflammatory in endothelial cells and neurons but causing a rapid loss of cardiomyocyte contractility that contributes to death. Thus, PAFR shepherds phosphorylcholine-containing bacterial components such as the cell wall into host cells from where the response ranges from quiescence to severe pathophysiology[48]. The explanation for the protective effect of BN-52021 cannot simply be attributed to the antagonism of LPS binding to PAFR or the prevention of PAF binding to its receptor. Therefore other potential mechanisms of PAFR antagonism in AP treatment must exist.
Bacterial translocation from the gastrointestinal tract to mesenteric lymph nodes and other extra intestinal organs is an important source of infection in AP. Preventing bacterial dissemination in early AP may have beneficial effects on the evolution of this disease[26, 49]. PAF antagonist treatment decreases the bacterial spread to distant sites, suppresses elevation of IL-6 level, and has a significant effect on serum pancreatic enzymes and the histologic score of pancreatitis without reducing serum amylase and TNF-α levels or ameliorating pancreatic damage in rats with AP[7, 50]. In addition, BN52021 has been shown to have protective effect on slow mesenterioangial small arteriolar and venular blood flow velocity and dilated mesenterioangial small venular diameter in the early phase of AP[51]. Pretreatment with lexipafant could reduce the pancreatic endothelial barrier dysfunction and severity of pancreatitis-associated intestinal dysfunction as well as systemic concentrations of IL-1 and local leukocyte recruitment in experimental AP rats[52-54]. PAFR antagonism appears to be involved in the maintenance of intestinal barrier integrity and the inhibition of cytokines release, such as IL-1 and IL-6[32]. Moreover, PAFR antagonists can also exert their effects by inhibiting the activity of neutrophils and depressing pulp peroxidase, competing for targets with PAF and inhibiting the activity of PAF, inhibiting increases in PAF in AP, and reducing plasma cytokines and inflammatory mediators, enzyme activity and the role of self-digestion of pancreatic tissue[1]. The involvement of the PAFR signaling pathway in these mechanisms needs to be further investigated.

The PAFR antagonist BN52021 could effectively inhibit LPS-induced inflammation, apoptosis and necrosis in pancreatic vascular endothelial cells. The mechanisms underlying the inhibition might be related to the suppression effect of BN52021 on the up-regulation of AC, GRK, p38 MAPK and PLCβ mRNA and protein levels in the PAFR signaling pathway, which may help to explain the mechanism underlying the microcirculatory disturbance in the pathogenesis of AP. 
COMMENTS

Background

Microcirculatory disorder is considered to be one of the possible mechanisms of severe acute pancreatitis (SAP) pathogenesis. Platelet-activating factor (PAF), a bioactive phospholipid synthesized and secreted by a variety of cells including pancreatic acini and microvascular endothelium cells, is known to mediate many physiological responses, including microcirculatory disturbance and inflammation.
Research frontiers
Recent studies have demonstrated that PAF plays an important role in the pathological progress of SAP. Although BN52021, a PAF receptor antagonist, has demonstrated significant treatment effects against SAP, its effects on platelet activating factor receptor (PAFR) signaling molecules have not been elucidated in detail.
Innovations and breakthroughs
The authors found that BN52021 could effectively inhibit the apoptosis and necrosis of MS1 cells under LPS-induced inflammatory conditions. The mechanism underlying the inhibitory effect may relate to the inhibitory effect of BN52021 on the up-regulation of adenylate cyclase, G protein-coupled receptor kinases, p38-mitogen-activated protein kinase, phospholipase A2 and phospholipase Cβ mRNA and protein levels in the PAFR signaling pathway.
Applications

This study may contribute to a future strategy involving SAP treatment with BN52021 by investigating how PAF is induced and blocking its expression.
Terminology

PAF is a biologically active phospholipid mediator that plays its role by binding to PAFR, which is a unique G-protein-coupled seven transmembrane receptor, and the binding activates multiple intracellular signaling pathways. Ginkgolide B (code: BN52021) is one of the four Ginkgolide constituents (Ginkgolide A, B, C and J) that are present in the whole extract of Ginkgo biloba leaves.

Peer review

This article attempts to elucidate the protective role of BN-52021 against LPS-induced apoptosis and necrosis in a pancreatic islet endothelial cell line. PAF is a crucial mediator of acute pancreatitis. Therefore the inhibition of its actions by BN-52021 is interesting from a pharmaceutical point of view. Because BN-52021 is a well-established antagonist of PAFR, the authors investigated its effect on certain members of the signal transduction pathways initiated by PAFR activation. The results are novel and interesting.
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Table 1 Specific primers for Adcy1, Pla2g4a, Plcb3, Ptk7, Adrbk1, Mapk14 and Gapdh genes
	Gene
	Primer
	Length, bp
	Annealing temperature (℃)

	Adcy1
	
	
	

	Forward
	5'-GACTTTGTTCTCCGAGTTG-3'
	19
	49

	Reverse
	5`-GTGCTATCCATCCGACTG-3`
	
	

	Pla2g4a
	
	
	

	Forward
	5`-GAATAAAGGCTCTACAATGG-3`
	20
	49

	Reverse
	5`-GTTGTCGCTTTGGTACTC-3`
	
	

	Plcb3
	
	
	

	Forward
	5`-CCTCAACTTCAACCGAGTT-3`
	19
	49

	Reverse
	5`-CAGAGTGAGGTACGGCTTG-3`
	
	

	Ptk7
	
	
	

	Forward
	5`-CACTGCGATGTCACATTG-3`
	18
	49

	Reverse
	5`-CACTATGTTCGGGACTGG-3`
	
	

	Adrbk1
	
	
	

	Forward
	5`-AAGCCAGCCAACATTCTC-3`
	18
	51

	Reverse
	5`-CCCTTCTGTAGGACTTCG-3`
	
	

	Mapk14
	
	
	

	Forward
	5`-GGACCTGAACAACATCGTG-3`
	19
	50

	Reverse
	5`-CTAGGTTGCTGGGCTTTAG-3`
	
	

	Gapdh
	
	
	

	Forward
	5`-CATCTTCCAGGAGCGAGAC-3`
	19
	50

	Reverse
	5`-GGCTAAGCAGTTGGTGGTG-3`
	
	


AC: Adenylate cyclase; PLA2: phospholipase A2; PLCβ: Phospholipase Cβ; PTK: Protein tyrosine kinase; GRK: G protein-coupled receptor kinases; p38 MAPK: p38-mitogen-activated protein kinase; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.
Figure 1 The optimal dose and duration of lipopolysaccharide stimulation were determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide method. The cell survival rate was determined after incubation with 0 (saline) and 0.1, 1 and 10 μg/mL lipopolysaccharide for 3, 6, 12 and 24 h. aP < 0.05, bP < 0.01, dP < 0.001 compared with the saline group.

Figure 2 The dose effect of BN52021 on lipopolysaccharide-induced inflammation was determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide method and Hoechst 33342/PI staining. MS1 cell activity at OD 490 nm was significantly decreased 24 h after administration of 10 ug/mL lipopolysaccharide (LPS) compared with the control group (aP < 0.05). Pretreatment with BN52021 for 20 min before incubation with LPS significantly improved the MS1 cell activity at OD 490 nm compared with the group that received LPS treatment only when its concentration reached 50 μmol/L (cP < 0.05) (A). Pretreatment with 50 μmol/L BN52021 for 20 min before incubation with LPS significantly improved MS1 cell activity compared with the LPS + saline group, and the LPS + DMSO group as determined Hoechst 33342/PI staining (B, C, D and E). 

Figure 3 The effect of BN52021 on PAFR signaling molecules at the mRNA level under lipopolysaccharide-induced inflammation. The mRNA level of adenylate cyclase (AC) (A), G protein-coupled receptor kinases (GRK) (B), phospholipase A2 (PLA2) (C), phospholipase Cβ (PLCβ) (D), p38-mitogen-activated protein kinase (p38 MAPK) (E) and PTK (F) was up-regulated after lipopolysaccharide (LPS) stimulation compared with the blank control (aP < 0.05). The up-regulation of AC, GRK, p38 MAPK, PLCβ and PLA2 mRNA was significantly suppressed by BN52021 except for that of PTK.dP < 0.01, fP < 0.001 compared with the LPS and DMSO groups.

Figure 4 The effect of BN52021 on platelet-activating factor receptor signaling molecules at the protein level under lipopolysaccharide-induced inflammation. The protein level of p-adenylate cyclase (p-AC) (A), G protein-coupled receptor kinases (GRK) (B), p-phospholipase A2 (p-PLA2) PLA2 (C), phospholipase Cβ (PLCβ) (D) and p-p38-mitogen-activated protein kinase (p-p38 MAPK) (E) was up-regulated after lipopolysaccharide (LPS) stimulation compared with the blank control (aP < 0.05). The up-regulation of p-AC, p-p38 MAPK, GRK and PLCβ protein levels was significantly suppressed by BN52021. However, p-PLA2 and p-PTK protein levels were insignificantly up-regulated after LPS stimulation and were not significantly changed by BN52021 (F). cP < 0.05, dP < 0.01 compared with LPS and DMSO groups.
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