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Human β-defensin 2 enhances IL-1β production and pyroptosis through P2X7-mediated NLRP3 expression in macrophages
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Abstract: Periodontal disease is the leading cause of tooth loss, which is also a high-risk factor for other diseases including oral cancer and cardiovascular disease. Periodontitis is one of the most common type of periodontal diseases. Interleukin-1β (IL-1β) plays a key role in the pathogenesis of periodontitis. However, the mechanism how IL-1β is produced during periodontitis is still unclear. In the present study, we found that human β-defensin 2 (hBD2) enhances IL-1β production through an LPS-primed human acute monocytic leukemia (THP-1) macrophage model. Inhibition of P2X purinoceptor 7 (P2X7) reduced hBD2-enhanced IL-1β production. Incubation of LPS-primed THP-1 macrophages with potassium chloride also suppressed hBD2-enhanced IL-1β production. Silence of inflammasome adaptor Nod-like receptor family pyrin domain containing 3 (NLRP3) led to reduced hBD2-enhanced IL-1β production. Likewise, inhibition of caspase-1 also resulted in the decrease of IL-1β. Moreover, an ethidium bromide uptake test indicated that hBD2-activated caspase-1 mediated pyroptotic pore formation. Subsequent lactate dehydrogenase detection and flow cytometric analysis indicated that hBD2 also induced pyroptosis. In brief, these findings illustrated not only the mechanism of hBD2 in enhancing the inflammatory response, but also provided novel therapeutic targets for periodontitis.
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Introduction

Periodontitis, affects the gingiva and the supporting connective tissue and alveolar bone, is among the most common human disorders (Williams, 1990). Periodontitis develops with accumulation of dental plaque, disturbances in the oral microbiota, immune response of the host, tissue destruction and ultimate tooth loss (Michaud et al., 2017). Systemic diseases, environmental and psychological factors are considered as modulators for periodontitis (de Morais et al., 2018). Moreover, periodontitis is a high risk factor for other diseases including oral cancer, cardiovascular disease, diabetes mellitus and rheumatoid arthritis (Beck et al., 1996; de Molon et al., 2019; Geismar et al., 2006; Lalla and Papapanou, 2011; Michaud et al., 2017).

Macrophages are amongst the first immune cells respond to bacteria and their products in periodontitis through potently activating caspase-1, producing large amounts of proinflammatory cytokines including interleukin (IL)-1β and IL-18, releasing lactate dehydrogenase (LDH), and initiating the pyroptotic cell death (Fleetwood et al., 2017). IL-1β is significantly increased in gingival biopsy samples and gingival crevicular fluid (GCF) in patients with periodontitis (Howells, 1995; Offenbacher et al., 2018). Many studies have revealed that IL-1β plays a key role in periodontal disease through upregulating adhesion molecules on leucocytes, stimulating the production of chemokines and inducing expression of other inflammatory mediators (e.g., matrix metalloproteinases, MMPs) for subsequent inflammatory responses (Graves, 2008; Preshaw and Taylor, 2011). In addition, IL-1β also induces bone resorption and connective tissue degradation (Birkedal-Hansen, 1993). Essentially, periodontitis is caused by the dysregulated immune response mediated by proinflammatory cytokines (e.g., IL-1β, IL-6 and tumor necrosis factor-α) in periodontal tissue (Preshaw and Taylor, 2011).

It is well known that two signals are required for IL-1β production. First, exogenous stimuli (e.g., lipopolysaccharide, LPS) induce transcription of pro-IL-1β through the Toll-like receptor (TLR). Second, extracellular stimuli including ATP initiate the assembly of an inflammasome via NOD-like receptors (NLRs, e.g., NLRP3 and AIM2) to activate IL-1β by caspase-1 (Latz, 2010). During this process, ATP-activated purinergic receptor P2X7 is essential for inducing assembly of NLRP3 inflammasome, activation of caspase-1 and mature IL-1β production (Kayagaki et al., 2011; Mariathasan et al., 2006). However, the mechanism how IL-1β is produced in periodontitis is still unclear. Human β-defensin (hBD) expressed by human normal gingival epithelial cells plays a vital role in the innate immune response and protects human from infection (Liu et al., 2014; Yang et al., 1999), which also has antimicrobial effect in gingiva of periodontitis patients (Wang et al., 2015). Our previous work in patients with periodontitis has indicated that the anti-microbial ability of hBD2 is stronger than hBD1 and hBD3 (Wang et al., 2015). Other studies further demonstrated that hBD2 modulates human immunity through inducing monocytes including macrophage productions of chemokines and proinflammatory cytokines including IL-1β (Chaly et al., 2000; Rohrl et al., 2010a). To date, the role of hBD2 on IL-1β production in periodontitis is not known.

In addition, IL-1β could promote caspase-1/Gasdermin D (GSDMD)-induced pyroptosis, which is critical for controlling infection (Bergsbaken et al., 2009; Miao et al., 2010; Wang et al., 2017b). Pyroptosis in macrophage during innate immune response might be a regulatory mechanism to protect human from infection in periodontitis and subsequently maintain the normal number of immune cells to avoid excessive inflammatory responses (Fleetwood et al., 2017). GSDMD, a substrate of both caspase-1 and caspase-11/4/5, leads to non-selected membrane pore formation which can be detected by EtBr or 7-AAD staining (Fink and Cookson, 2006; Zhang et al., 2018). However, whether hBD2 could induce pyroptosis of macrophage through IL-1β is unclear.

Thus, the primary aim of this study is to investigate whether hBD2 enhances IL-1β production and pyroptosis in periodontitis using LPS-primed THP-1 macrophage model.

Materials and Methods

Materials

Synthetic hBD-2 (ab243124) was purchased from Abcam (Cambridge, MA, USA); ethidium bromide (EtBr) (#E8751), potassium chloride (KCl) (#P5405), apyrase (#A6410), KN-62 (#SLBR3900V), oxidized ATP (oATP) (#061M1721V), LPS from Escherichia coli serotype O1101:B4 (#L4391) and phorbol 12-myristate 13-acetate (PMA) (#061M1721V) were obtained from Sigma-Aldrich (St. Louis, MO, USA); ATP (#10127531001) was from Roche Applied Science (Indianapolis, IN, USA); YVAD-cmk (#400012) was purchased from Merck Millipore (Darmstadt, Germany); SYTO42 (#S7563) was obtained from Life Technologies (Grand Island, NY, USA); NLRP3 (#ab91413), caspase-1 (#ab238972), nuclear factor kappa-B (NF-κB) (#ab32360), GSDMD (#ab215203)) and GAPDH (#ab8245) antibodies were from Abcam; NLRP3 small interfering RNA (siRNA) and scrambled siRNA were purchased from Sangon Biotech (Shanghai, China); LDH-Cytotoxicity Colorimetric Assay kit (#K311) was obtained from Biovsion (Milpitas, CA, USA); Annexin V (#A13201) was from Thermo Fisher Scientific (Rockford, IL, USA).

Cell culture

THP-1 cells were maintained in RPMI1640 medium (# 61870044) (Thermo Fisher Scientific) containing with 10% FBS (#10099) (Thermo Fisher Scientific), 100 U/mL penicillin and 100 mg/mL streptomycin (#15070063) (Thermo Fisher Scientific) at 37°C. NLRP3 siRNA was transfected into THP-1 cells to silence NLRP3 expression using Lipofectamine 2000 (#11668019) (Thermo Fisher Scientific) according to the manufacturer’s instruction.

To perform experiments, THP-1 cells were plated in 24-well plates and subsequently differentiated for 12 h cultured by RPMI1640 medium supplemented with 100 nM PMA and 10% FBS (Suppl. Fig. S1). Next, medium was replaced with RPMI1640 medium without FBS. After 48 h, THP-1 cells were treated with or without 100 ng/mL LPS in RPMI1640 medium without FBS for 3 h. Then THP-1 cells were washed twice using fresh RPMI1640 medium followed by culture with 5 mM ATP for 1 h or 0.02, 0.2, 2, 5, 10, 20, or 40 μg/mL hBD2 for 8 h (Fig. 1A). For different subsequent experiments, THP-1 cells were incubated with 130 mM KCl, 20 U/mL Apyrase, 20 mM KN-62, 900 mM oATP or 100 mM YVAD-cmk (Merck Millipore, Germany) in RPMI1640 medium for 30 min before the treatment of ATP or hBD2. After this, the cell-free supernatants and THP-1 cells were collected for further analysis.
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Figure 1: hBD2 treatment of LPS-primed THP-1 cells increases IL-1β production.
(A) The concentration of released IL-1β in the cell medium measured by ELISA (N = 3 per group). (B) The cellular level of pro-IL-1β measured by ELISA (N = 3 per group). (C-I) The concentration of released IL-6, IL-10, IL-17, IL-18, IL-22, TGF-α, and TGF-β in the cell medium measured by ELISA (N = 9 per group). Statistical analysis is based on a one-way ANOVA with Tukey’s multiple-comparison test. *P < 0.05.

Real-time PCR

After the transfection of NLRP3 siRNA, real-time PCR was performed to verify the efficiency of NLRP3 knock down in THP-1 cell. Total mRNA was isolated from THP-1 cells using the Trizol reagent (#15596018) (Life Technologies) and then reversed transcribed by the QuantiTect Reverse Transcription Kit (#205313) (Qiagen, Shanghai, China). Real-Time PCR was performed by the StepOnePlus system (Applied Biosystem) using Thermo Fisher Scientific Maxima SYBR Green/ROX qPCR Master Mix assay (2X) (#K0221). Primer sequences were showed in Table 1.
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ELISA

The released IL-1β, IL-6, IL-10, IL-17, IL-18, IL-22, transforming growth factor-β (TGF-β), TGF-α, and pro-IL-1β were measured by ELISA kits obtained from R&D Systems (Minneapolis, MN, USA) according to the manufacturer’s instruction. Of these, released IL-1β in the cell-free supernatants was detected by Human IL-1 beta/IL-1F2 Quantikine ELISA Kit (#DLB50) while pro-IL-1β in cells was measured using Human Pro-IL-1 beta/IL-1F2 Quantikine ELISA Kit (#DLBP00).

Western blot

To detect cellular level of target proteins, protein extracted from THP-1 cells were detected by Western Blot as previously described (Pan et al., 2018). Briefly, equal amounts of protein (30 μg) from each group were loaded and separated by 10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and subsequently transferred onto Millipore Immobilon-P membranes (Shanghai, China). Subsequently, the membranes were blocked with 5% nonfat milk for 2 h at room temperature (RT) and then incubated with the primary antibodies in 1% nonfat milk overnight at 4°C. Following primary antibody incubation, the membranes were washed 4 times by Tris-buffered saline contained 0.1% Tween20 (TBST) and subsequently exposed to secondary antibody (1:10,000, Aksomics, Shanghai, China). The signals of targeted proteins were detected by the SuperSignal West Femto Maximum Sensitivity Substrate kit obtained from Thermo Scientific (Rockford, USA). Primary antibodies used in the present study were listed as follow: caspase-1-p10 (1:500), NLRP3 (1:500), NF-κB (1:500), GSDMD (1:400) and GAPDH (1:3,000). All primary antibodies were purchased from Abcam (Boston, USA).

Pore formation

Pore formation was determined by EtBr stain permeability as described previously (Fink and Cookson, 2006). Briefly, THP-1 cells were plated on coverslips in the well of 24-well plate. Subsequently, cells were differentiated by PMA and stimulated using LPS as described above. After discarding the medium, coverslips were covered by 15 mL PBS supplemented with 10 mM SYTO 42 (blue) and 25 mg/mL EtBr (red) for 5 min in dark following the treatment with various compounds (5 mM ATP, 20 μg/mL hBD2, 100 mM YVAD-cmk). Images were acquired for further analysis. Pore formation was investigated by the percentage of EtBr positive-stained cells.

LDH release assay

THP-1 cells plated in 24-well plates were differentiated by PMA and stimulated using LPS as described above. After the treatment with various compounds (5 mM ATP, 20 μg/mL hBD2 (according to optimization of concentration in Fig. 1A), or 100 mM YVAD-cmk), the culture medium was collected for the measurement of released LDH according to the manufacturer’s instruction.

Flow cytometric analysis for programmed cell death

THP-1 cells plated in 24-well plates were differentiated by PMA and stimulated using LPS as described above. After the treatment with various compounds (5 mM ATP, 20 μg/mL hBD2, 100 mM YVAD-cmk), cells were collected and washed twice with incubation buffer (10 mmol/L HEPES/NaOH, pH 7.4, 140 mmol/L NaCl, 5 mmol/L CaCl2). Subsequently, cells were resuspended and stained with 1.5 μg/mL Annexin V and moderate propidium iodide (PI) (Thermo Scientific) in 100 μL PBS at room temperature (RT) for 15 min in the dark. After washing twice by PBS, cells were resuspended into 400 μL incubation buffer and analyzed by flow cytometry.

Statistical analysis

All experiments in this study were repeated three times and average values of three experiments were presented as the mean ± SD calculated by STDEV formula in Excel. The significance of all data was estimated by a Tukey’s multiple-comparison test in the ANOVA analysis using the SigmaStat 3.5 software. Importantly, statistical significance was accepted when P < 0.05.

Results

hBD2 treatment enhances IL-1β production in LPS-primed THP-1 macrophages

To identify whether hBD2 enhances IL-1β production in periodontitis, the LPS-primed THP-1 macrophage model was used. Results showed that hBD2 promoted mature IL-1β secretion from LPS-primed THP-1 macrophages in a dose-dependent way (Fig. 1A). The concentration of 20 μg/mL hBD2 was applied in this study. Meanwhile, hBD2 treatment also increased cellular level of pro-IL-1β (Fig. 1B). These data suggested that hBD2 enhanced IL-1β production in LPS-primed THP-1 macrophages. To further reveal the role of hBD2 in periodontitis, other released cytokines related to periodontitis were detected. Besides IL-1β, hBD2 enhanced the secretion of IL-6, IL-17, TGF-α but not IL-10, IL-18, IL-22 and TGF-β (Figs. 1C–1I), suggesting that hBD2 might contribute to periodontitis through modulating these cytokines.

hBD2 treatment promotes IL-1β production through P2X7 in LPS-primed THP-1 macrophages

Previous studies have indicated the effect of ATP on the secretion of IL-1β is mediated by P2X7, which can be inhibited by KN-62 and oATP (Elssner et al., 2004; Ferrari et al., 2006). Results indicated that inhibition of P2X7 by oATP and KN-62 suppressed IL-1β production in LPS-primed THP-1 macrophages treated with ATP (Fig. 2A) or hBD2 (Fig. 2B). Above data suggested that hBD2 treatment of LPS-primed THP-1 macrophages leading to increased IL-1β production was mediated by P2X7.
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Figure 2: hBD2 treatment of LPS-primed THP-1 cells increases IL-1β production via P2X7.
(A and B) The concentration of released IL-1β in the cell medium measured by ELISA (N = 3 per group). Statistical analysis is based on a one-way ANOVA with Tukey’s multiple-comparison test. *P < 0.05.

K+ efflux is necessary for hBD2-enhanced IL-1β production in LPS-primed THP-1 macrophages

A previous study has indicated that defensins promote ATP efflux for subsequent immune response (Vylkova et al., 2007). To address whether hBD2 enhances IL-1β production through promoting ATP efflux in LPS-primed THP-1 macrophages, the autocrine ATP inhibitor apyrase was used. It was indicated that apyrase did not influence the effect of hBD2 on IL-1β production (Fig. 3).

In addition, cytosolic K+ efflux induced by ATP-activated P2X7 is required for inflammasome assembly and following caspase-1 activation and IL-1β mature processing (Kahlenberg and Dubyak, 2004). To identify whether K+ efflux contributes to IL-1β production after hBD2 treatment, LPS-primed THP-1 macrophages were cultured with RPMI1640 medium supplemented with 130 mM KCl. Results showed that hBD2-enhanced IL-1β production was abrogated by KCl, while prevention of cytosolic K+ efflux also block ATP-induced IL-1β production (Fig. 3). All these results suggested that ATP-independent K+ efflux was required for hBD2-enhanced IL-1β production in LPS-primed THP-1 macrophages.
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Figure 3: K+ efflux is required for IL-1β production in hBD2-treated LPS-primed THP-1 cells. The concentration of released IL-1β in the cell medium measured by ELISA (N = 3 per group.). Statistical analysis is based on a one-way ANOVA. *P < 0.05.

hBD2 treatment enhances IL-1β production through NLRP3 in LPS-primed THP-1 macrophages

NLRP3 expression is necessary for the production and release of IL-1β (Latz, 2010). hBD2 treatment in LPS-primed THP-1 macrophages significantly increased protein levels of NF-κB which is a vital transcript for NLRP3 expression (Broz and Dixit, 2016), NLRP3 and activated caspase-1 (caspase-1 p10) (Figs. 4A and 4B). To further identify the role of NLRP3 in hBD2-induced IL-1β production, siRNA was used to knockdown NLRP3 (Fig. 4C). Results indicated that NLRP3 knockdown reduced activation of caspase-1 and led to decrease of IL-1β from LPS-primed THP-1 macrophages treated with hBD2 (Figs. 4D and 4F). Above data together suggested that hBD2 enhanced IL-1β production through NLRP3 inflammasome in LPS-primed THP-1 macrophages.

[image: images]

Figure 4: NLRP3 is necessary for IL-1β production in hBD2-treated LPS-primed THP-1 cells.
(A) Protein abundance of activated caspase-1 (caspase-1 p10), NF-κB and NLRP3 in THP-1 cells treated with or without LPS (N = 3 per group). (B) In the bar graphs, levels of caspase-1 p10, NF-κB and NLRP3 were assessed and normalized by GAPDH level (N = 3 per group). (C) Relative expression level of NLRP3 in hBD2-treated LPS-primed THP-1 cells transfected with NLRP3 siRNAs (N = 3 per group). (D) The concentration of released IL-1β in the cell medium from in hBD2-treated LPS-primed THP-1 cells (N = 3 per group). (E) Protein abundance of caspase-1 in hBD2-treated LPS-primed THP-1 cells transfected with or without NLRP3 siRNA. (F) In the bar graphs, levels of caspase-1 were assessed and normalized by GAPDH level (N = 3 per group). Statistical analysis is based on a one-way ANOVA with Tukey’s multiple-comparison test. *P < 0.05.

hBD2 treatment enhances IL-1β production through caspase-1 activation in LPS-primed THP-1 macrophages

Activation of caspase-1 regulated by numerous factors mentioned above is a critical step for IL-1β mature and release (Schroder and Tschopp, 2010). As observed in LPS-primed THP-1 macrophages, hBD2 treatment increased the level of activated caspase-1 (Figs. 4A and 4B). To further address the effect of hBD2 on caspase-1 activation, YVAD-cmk (Merck Millipore) (caspase-1 inhibitor) was used. Results showed that inhibition of caspase-1 by YVAD-cmk (Merck Millipore) dramatically suppressed IL-1β production in LPS-primed THP-1 macrophages treated with ATP (positive control) or hBD2 (Figs. 5A and 5B). Above data suggested that caspase-1 activation is critical for hBD2-enhanced IL-1β production in LPS-primed THP-1 macrophages.
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Figure 5: hBD2 treatment of LPS-primed THP-1 cells increases IL-1β production through caspase-1 activation.
The concentration of released IL-1β in the cell medium measured by ELISA (N = 3 per group). Statistical analysis is based on a one-way ANOVA with Tukey’s multiple-comparison test. *P < 0.05.

Activated caspase-1 involves in pore formation in LPS-primed THP-1 macrophages treated with hBD2

Previous study has revealed that activated caspase-1 triggers membrane pore formation and subsequent pyroptosis in LPS-primed macrophages (Bergsbaken et al., 2009). Moreover, pyroptotic pores allow the passage of small molecules including EtBr, but not the large molecules such as EthD2 (Fink and Cookson, 2006; Zhang et al., 2018). Results showed that hBD2 treatment significantly enhanced EtBr uptake in LPS-primed THP-1 macrophages (Fig. 6A). However, inhibition of caspase-1 prevented the increase of EtBr enhanced by hBD2 (Fig. 6A). These results were consistent with those in ATP treatment of LPS-primed THP-1 macrophages (Fig. 6B). Thus, above results suggested that activated caspase-1 was involved in pyroptotic pore formation in LPS-primed THP-1 macrophages treated with hBD2.
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Figure 6: Activated caspase-1 is essential for pore formation in hBD2-treated LPS-primed THP-1 cells.
Pore formation was detected by the percentage of the cells stained with EtBr. Blue: DAPI; Red: EtBr. (A) Representative images and quantitative statistics of EtBr staining cells. THP-1 cells were treated by 100 ng/mL LPS, 5 mM ATP, 100 mM YVAD-cmk, respectively. (B) Representative images of EtBr staining 0.20 μg/mL hBD2, 5 mM ATP, 100 mM YVAD-cmk, respectively. Scale bar: 50 μm. At least three images were analyzed per group. *P < 0.05.

hBD2 treatment induces pyroptosis in LPS-primed THP-1 macrophages

To further investigate whether hBD2 induced pyroptosis in LPS-primed THP-1 macrophages, LDH release assay and flow cytometric analysis were performed. In LPS-primed THP-1 macrophages, hBD2 treatment significantly increased the level of cleaved GSDMD which is required for pyroptosis (Wang et al., 2017b) (Figs. 7A and 7B). However, suppression of caspase-1 prevented the increase of cleaved GSDMD induced by hBD2 (Figs. 7A and 7B). In addition, hBD2 treatment dramatically elevated the released LDH (a marker for pyroptosis) in LPS-primed THP-1 macrophages, whereas inhibition of caspase-1 alleviated the effect of hBD2 (Fig. 7C). More importantly, hBD2 induced programmed cell death of LPS-primed THP-1 macrophages while caspase1 inactivation reduced cell death triggered by hBD2 (Figs. 7D and 7I). These results suggested that hBD2 treatment induced pyroptosis through activating caspase 1 in LPS-primed THP-1 macrophages.
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Figure 7: hBD2 treatment triggers pyroptosis in LPS-primed THP-1 macrophages.
(A) Protein abundance of cleaved GSDMD in THP-1 cells treated with LPS, HBD2 or YVAD-cmk. (B) In the bar graphs, cleaved GSDMD level was assessed and normalized by GAPDH level (N = 3 per group). (C) Level of released LDH in THP-1 cells treated with LPS, HBD2 or YVAD-cmk (N = 3 per group). (D–H) Representative of flow cytometric analysis of programmed cell death in THP-1 cells treated with LPS, HBD2 or YVAD-cmk. (I) The bar graphs indicated numbers of death cells in different groups (N = 3 per group.). Statistical analysis is based on a one-way ANOVA with Tukey’s multiple-comparison test. *P < 0.05.

Discussion

Periodontal disease is the leading cause of tooth loss (Michaud et al., 2017), and the high risk factor for other diseases including oral cancer and cardiovascular disease coronary heart disease (Beck et al., 1996; Geismar et al., 2006; Michaud et al., 2017). IL-1β plays a key role in the pathogenesis of periodontal disease (Graves, 2008; Preshaw and Taylor, 2011). However, the mechanism how IL-1β is produced during periodontal disease is still unclear. Using LPS-primed THP-1 macrophages model, we found that hBD2 induced NLRP3 expression and caspase-1 activation through P2X7 while enhancing cytosolic K+ efflux to promote IL-1β production and pyroptosis.

Alarmins including defensins can attract and activate macrophages to promote innate and adaptive immune responses (Oppenheim and Yang, 2005; Yang et al., 2009). To date, growing evidence have revealed that defensins exert influences on immune responses by numerous immune-related receptors. It has been demonstrated that Gαi protein-coupled receptors contained CC chemokine receptor (CCR) 2 and CCR6 mediate the chemotactic activity of defensins (Rohrl et al., 2010a; Rohrl et al., 2010b). Moreover, human β-defensin 3 (hBD3) activated dendritic cells and primary epithelial cells to mediate the production of cytokines through TLR1/TLR2 receptors (Biragyn et al., 2002; Inthasin et al., 2018), while murine β-defensin 2 can activate dendritic cells via the TLR4 receptor (Biragyn et al., 2002). Here, we found that hBD2 can activate LPS-primed THP-1 macrophages to enhance the production of IL-1β by P2X7 receptor. A recent study also indicated that hBD2 and hBD3 enhance expression of pro-inflammatory cytokines in normal THP-1 macrophages in a P2X7 dependent manner (Wanke et al., 2016). As the member of α-defensin, human neutrophil peptide (HNP)-1 induces IL-8 production in lung and intestinal epithelial cells via the purinergic receptor P2Y6 (Ibusuki et al., 2015; Khine et al., 2006). These findings together suggested that alarmin or defensins may bind to different receptors in different cells to regulate pro-inflammatory cytokine production and activate the immune system.

Cytosolic K+ efflux induced by ATP-activated P2X7 is required for NLRP3 expression and subsequent caspase-1 activation and IL-1β mature processing (Kahlenberg and Dubyak, 2004). It was demonstrated that hBD2 may regulate K+ efflux through P2X7. However, hBD2 may directly regulate cytosolic K+ efflux. Recent study has revealed that voltage-gated K+ (Kv) channel S1-S2 linker is a novel receptor site for hBD2, which anchors in the channel S1–S2 linker whereas modulates channel activation by electrostatic repulsion via an adjacent S4 helix (Feng et al., 2015). Furthermore, hBD2 can regulate K+ channel activation through binding with channel extracellular pore region (Yang et al., 2015). More importantly, it was revealed that hBD2-enhanced IL-1ß production did not require ATP release while a previous study has indicated that hBD2 enhances pro-inflammatory cytokine expression through ATP-release in a P2X7R dependent manner (Wanke et al., 2016). Thus, hBD2 may directly regulate cytosolic K+ efflux to induce IL-1β production in a P2X7-independent manner.

It was showed that hBD2 could induce the protein level of caspase 1, NLRP3, NF-kB and pro-IL-1β, suggesting that hBD2 may have the effect on protein synthesis of inflammatory cytokines. However, no study has indicated this effect of hBD2. As a non-coding RNA, miRNAs regulate protein expression of target genes at post-transcriptional level (Krol et al., 2010; Trionfini and Benigni, 2017). Limited studies have showed that defensin may be associated with microRNA regulation in the immune defense. All these studies together suggested that hBD2 may regulate protein level of inflammatory cytokines through miRNA (Duskova et al., 2013; Liao et al., 2017).

Activation of caspase-1 plays multifunctional roles. Besides mediating IL-1β production, activated caspase-1 is also crucial for pyroptosis (Bergsbaken et al., 2009). In fact, data concerning the relationship between human defensins and cell death are limited. A recent study has revealed that hBD3 induces apoptosis in airway smooth muscle cells (Wang et al., 2017a). To date, no report mentions the role of human defensins in pyroptosis. It was revealed that hBD2 treatment induced caspase-1-mediated pyroptotic pore formation in LPS-primed macrophages. It has been reported that P2X7-K+ efflux-caspase-1 signaling pathway mediates pyroptotic pore formation with HNP-1 in LPS-primed macrophages (Chen et al., 2014). Other studies further indicated that P2X7 induces pore formation in IL-1β production independent manner (Bergsbaken et al., 2011; Le Feuvre et al., 2002). Therefore, hBD2 may induce pyroptosis through an IL-1β- independent manner. We thought that hBD2 may trigger innate immune response to protect human from infection in periodontitis and subsequently maintain the normal number of immune cells to avoid excessive inflammatory responses through pyroptosis.

Several issues needed to be focused on in the future study. First, it remains to be determined whether hBD2 associated with P2X7 to mediate IL-1β production in hBD2 treatment of LPS-primed THP-1 macrophages, though a previous study has demonstrated that alarmins bind to P2X7 (Chen et al., 2014). Second, the mechanism how hBD2 regulates cytosolic K+ efflux and the pathway involved in hBD2-induced pyroptosis still needed to be identified. Third, the gingival hBD2 level and IL-1β level should be detected simultaneously for analyzing the relationship between hBD2 and IL-1β in periodontitis patients and the periodontitis model in mice. Finally, the role of hBD2 and IL-1β in periodontitis and pyroptosis should be further identified by the experimental mice model of periodontitis using LPS injections into the gingival tissue to mimic periodontal disease.

Conclusions

In summary, this study demonstrated that hBD2 induced NLRP3 expression to promote IL-1β production and pyroptosis through ATP-activated P2X7 in LPS-primed THP-1 macrophages. The present study illustrated the mechanism by which hBD2 promotes the inflammatory response and following pyroptosis and provided novel therapeutic targets for the treatment of periodontal disease.
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SUPPLEMENTARY FIGURE S1: THP-1 cells differentiate into macrophage by PMA treatment.
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TABLE 1

Primer list for Real-time PCR

Gene Primer sequence Product
NLRP3 F cttctetgatgaggeccaag 200

R gcagcaaactggaaaggaag
GAPDH F AACGGATTTGGTCGTATTGGG 207

R

CCTGGAAGATGGTGATGGGAT
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