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Introduction

Alteration of alveolar epithelial barrier integrity with increased epithelial permeability plays a central role in the pathophysiology of the acute respiratory distress syndrome (ARDS) [START_REF] Matthay | Intact epithelial barrier function is critical for the resolution of alveolar edema in humans[END_REF][START_REF] Ware | Alveolar fluid clearance is impaired in the majority of patients with acute lung injury and the acute respiratory distress syndrome[END_REF][START_REF] Guillot | Alveolar epithelial cells: master regulators of lung homeostasis[END_REF][START_REF] Villar | Lung Repair and Regeneration in ARDS: Role of PECAM1 and Wnt Signaling[END_REF], a severe condition associated with significant morbidity and mortality, long-term physical or psychological consequences, and high healthcare-associated costs [START_REF] Herridge | Canadian Critical Care Trials Group, Functional disability 5 years after acute respiratory distress syndrome[END_REF][START_REF] Bellani | Epidemiology, Patterns of Care, and Mortality for Patients With Acute Respiratory Distress Syndrome in Intensive Care Units in 50 Countries[END_REF][START_REF] Thompson | Acute Respiratory Distress Syndrome[END_REF]. The lung alveolar epithelial barrier is composed of alveolar type (AT)-I cells, covering 95% of the alveolar epithelial surface, and of AT-II cells. Previous research suggests that re-epithelization of the alveolar surface is a key process that is required to restore the integrity and function of the lung alveolar epithelial barrier [START_REF] Matthay | Acute respiratory distress syndrome[END_REF]. Although this repair process may involve the proliferation and migration of AT-II cells, its precise mechanisms remain underinvestigated [START_REF] Matthay | Acute respiratory distress syndrome[END_REF][START_REF] Adamson | The type 2 cell as progenitor of alveolar epithelial regeneration. A cytodynamic study in mice after exposure to oxygen[END_REF][START_REF] Mcqualter | Evidence of an epithelial stem/progenitor cell hierarchy in the adult mouse lung[END_REF].

The receptor for advanced glycation end-products (RAGE) is a membrane signal transduction receptor that can induce various intracellular pathways by binding to multiple ligands, such as S100 proteins, high-mobility group box 1 protein (HMGB1), and advanced glycation end-products (AGEs), among others [START_REF] Xie | Cellular signalling of the receptor for advanced glycation end products (RAGE)[END_REF][START_REF] Lander | Activation of the 13 receptor for advanced glycation end products triggers a p21(ras)-dependent mitogen-activated protein kinase pathway regulated by oxidant stress[END_REF][START_REF] Tafani | Hypoxia-increased RAGE and P2X7R expression regulates tumor cell invasion through phosphorylation of Erk1/2 and Akt and nuclear translocation of NF-{kappa}B[END_REF][START_REF] Huttunen | Receptor for advanced glycation end products (RAGE)mediated neurite outgrowth and activation of NF-kappaB require the cytoplasmic domain of the receptor but different downstream signaling pathways[END_REF][START_REF] Ranzato | HMGb1 promotes scratch wound closure of HaCaT keratinocytes via ERK1/2 activation[END_REF][START_REF] Hudson | Targeting RAGE Signaling in Inflammatory Disease[END_REF]. RAGE is abundantly expressed in the lung tissue, both as transmembrane full-length and soluble forms, and RAGE pathway may play a key role in lung homeostasis [START_REF] Mukherjee | Implication of receptor for advanced glycation end product (RAGE) in pulmonary health and pathophysiology[END_REF][START_REF] Queisser | Loss of RAGE in pulmonary fibrosis: molecular relations to functional changes in pulmonary cell types[END_REF]. Recent clinical and preclinical research has suggested that soluble RAGE (sRAGE) could be a biomarker of lung epithelial injury associated with severity and outcome in ARDS [START_REF] Shirasawa | Receptor for advanced glycation end-products is a marker of type I lung alveolar cells[END_REF][START_REF] Uchida | Receptor for advanced glycation end-products is a marker of type I cell injury in acute lung injury[END_REF][START_REF] Calfee | NHLBI ARDS Network, Plasma receptor for advanced glycation end products and clinical outcomes in acute lung injury[END_REF][START_REF] Mauri | Elevated plasma and alveolar levels of soluble receptor for advanced glycation endproducts are associated with severity of lung dysfunction in ARDS patients[END_REF][START_REF] Jabaudon | Soluble form of the receptor for advanced glycation end products is a marker of acute lung injury but not of severe sepsis in critically ill patients[END_REF][START_REF] Jabaudon | Soluble Receptor for Advanced Glycation End-Products Predicts Impaired Alveolar Fluid Clearance in Acute Respiratory Distress Syndrome[END_REF][START_REF] Jabaudon | Plasma sRAGE is independently associated with increased mortality in ARDS: a meta-analysis of individual patient data[END_REF]. Moreover, RAGE inhibition or AGER gene deficiency decreased lung injury in animal models of experimental ARDS from both septic or non-septic causes [START_REF] Van Zoelen | The receptor for advanced glycation end products impairs host defense in pneumococcal pneumonia[END_REF][START_REF] Ramsgaard | Lack of the receptor for advanced glycation end-products attenuates E. coli pneumonia in mice[END_REF][START_REF] Blondonnet | RAGE inhibition reduces acute lung injury in mice[END_REF][START_REF] Audard | Inhibition of the Receptor for Advanced Glycation End-Products in Acute Respiratory Distress Syndrome: A Randomised Laboratory Trial in Piglets[END_REF]. Although the RAGE pathway has a major role in initiating and perpetuating nuclear factor-kappa B (NF-κB)mediated inflammation, it also contributes, among many other potential effects [START_REF] Xie | Cellular signalling of the receptor for advanced glycation end products (RAGE)[END_REF], to repair mechanisms such as peripheral nerve regeneration through the recruitment of axonal outgrowth pathways [START_REF] Huttunen | Receptor for advanced glycation end products (RAGE)mediated neurite outgrowth and activation of NF-kappaB require the cytoplasmic domain of the receptor but different downstream signaling pathways[END_REF][START_REF] Rong | RAGE modulates peripheral nerve regeneration via recruitment of both inflammatory and axonal outgrowth pathways[END_REF] or extracellular matrix synthesis and wound repair in human bronchial epithelial cells through stimulation by HMGB1 [START_REF] Ojo | High-mobility group box 1 promotes extracellular matrix synthesis and wound repair in human bronchial epithelial cells[END_REF]. However, whether modulation of RAGE pathway might affect lung alveolar epithelial wound repair remains unknown.

In this study, we investigated whether treatment with RAGE agonists (HMGB1 and AGEs), alone or combined with a RAGE antagonist, would affect wound healing of lung alveolar epithelial cells in vitro. We further hypothesized that modulation of the RAGE pathway might affect some major processes of wound healing in these cells, such as proliferation or migration.

Materials and Methods

Reagents and antibodies

Cell culture Roswell Park Memorial Institute (RPMI 1640) medium 1640, fetal bovine serum (FBS), antibiotics (streptomycin, penicillin, amphotericin B), and phosphate buffered saline (PBS) were obtained from Fisher Scientific (Illkirch, France). Human recombinant HMGB1 was obtained from Sigma-Aldrich (Saint Quentin-Fallavier, France). AGEs (ab51995) was purchased from Abcam (Paris, France). RAGE antagonist peptide (RAP) was obtained from Calbiochem® Merck Millipore (Molsheim, France).

Cell culture

Human adenocarcinoma-derived alveolar AT-II epithelial cells (A549) were obtained from the American Tissue Culture Collection (CCL-185, LGC Standard®, Molsheim, France). After thawing, cells were cultured in a 95% humidified air atmosphere at 37°C with a CO2 concentration of 5% in a RPMI-1640 culture medium enriched with 5% FBS and supplemented with 10 mg/mL streptomycin, 10,000 U/mL penicillin, and 25 µg/mL amphotericin B (Fisher Scientific, France).

In vitro model of alveolar epithelium wound healing (scratch assay)

Cells (2x10 5 per well) were cultured for 72 h in six 9.5 cm 2 well-plates (Corning, Samois-sur-Seine, France) until 100% confluence was obtained. The tip of a 200-µL pipette was applied perpendicular to the surface of the cell monolayer to create a thin "wound". After three washes with PBS (1X), wounded cells were either left untreated (control) or treated with RAGE agonists alone or combined with RAP (12.5 µg/mL), before being incubated at 37°C with 95% humidified air and 5% CO2. The dose of RAP was chosen based on the findings from previous studies [START_REF] Audard | Inhibition of the Receptor for Advanced Glycation End-Products in Acute Respiratory Distress Syndrome: A Randomised Laboratory Trial in Piglets[END_REF][START_REF] Arumugam | S100P-derived RAGE antagonistic peptide reduces tumor growth and metastasis[END_REF][START_REF] Bongarzone | Targeting the Receptor for Advanced Glycation Endproducts (RAGE): A Medicinal Chemistry Perspective[END_REF][START_REF] Uderhardt | Resident Macrophages Cloak Tissue Microlesions to Prevent Neutrophil-Driven Inflammatory Damage[END_REF]. The wound area was observed immediately after the scratch (h0) and 12, 24, and 48 h after treatment using a Nikon polarized optical microscope with 40x magnification and a digital camera body. Images were recorded prior to their analysis using the Fiji image processing software (Wayne Rasband, National Institute of Mental Health, Bethesda, Maryland, USA) [START_REF] Schindelin | Fiji: an open-source platform for biological-image analysis[END_REF].

Measurements of the wounded area were made from edge to edge by manually delimiting the lesion surface. This experiment was repeated six times (with each condition performed in duplicate). After testing three concentrations of RAGE agonists HMGB1 (0.1, 0.3, and 0.6 µg/mL) and AGEs (10, 30, and 90 µg/mL) for their effect on wound area, subsequent experiments were performed using the minimum effective concentration of each.

Cell migration assay

Epithelial cell migration was assessed with the CytoSelect™ 96-well cell migration assay (CBA-106; 8 μm Fluorometric format; Biolabs, London, United Kingdom). At 12 and 48 h after scratch wounding, cells were suspended in a serum-free medium and placed in the upper chamber. Three hundred microliters of chemoattractant media containing 5% FBS was then added to the lower chamber. After a 24 h incubation, migratory cells that had passed through the polycarbonate membrane (8 μm pore size) were dislodged from the underside of the membrane with a detachment solution. The dislodged cells were then stained with CyQuant® GR Dye (Fisher Scientific, Hampton, USA), diluted in a lysis buffer, and quantified by fluorescence measurement at 480 nm/520 nm (Zeiss LSM 800, Carl Zeiss SAS, Marly Le Roi, France). This experiment, performed in triplicate, was independently repeated three times.

Cell proliferation assay

At 12 and 48 h after scratch wounding, A549 cells were stained with 5-Bromo-2'-deoxy-uridine (BrdU) at 10 µM using a BrdU Labeling and Detection Kit II (11299964001; Roche Diagnostics, Meylan, France). After 45 minutes, they were washed three times with PBS, and fixed with an ethanol fixative solution (50 mM glycine, pH=2, in 70% ethanol) for 20 minutes at -20°C. After three washes in PBS, the cells were incubated with an anti-BrdU antibody (1/25) for 60 minutes at 37°C. The cells were washed three times with PBS, followed by incubation with an anti-mouse-Igalkaline phosphatase (1:25 dilution) for 60 minutes at 37°C. The color substrate solution was added to the cells after three washes in PBS, and the bound anti-BrdU antibody was visualized by light microscopy (Zeiss Axio Observer, Carl Zeiss SAS, Marly Le Roi, France). Proliferation was expressed as the ratio of BrdU-positive cells to the total number of cells. This experiment, performed in triplicate, was independently repeated three times.

Statistical analysis

All analyses were performed using Prism 6 (GraphPad Software, La Jolla, CA, USA) and Stata version 15 (StataCorp, College Station, TX, USA). The tests were two-sided, with a type I error set at 5%. Continuous data were expressed as mean ± standard deviation (SD) or median [interquartile range] according to statistical distribution (assumption of normality was assessed using the Shapiro-Wilk test). Continuous parameters were compared between experimental groups using analysis of variance or the Kruskal-Wallis test when t-test assumptions were not met (normality studied using Shapiro-Wilk and assumption of homoscedasticity verified by Fisher-Snedecor test).

Random effects models were used to analyze the longitudinal evolution of variables: (i) considering between-and within-experiment variability (random subject effects: random intercept and slope) and (ii) evaluating fixed effects: group, time, and time by group interaction. The residual normality was checked for all models. Values were log-transformed for all variables to achieve normality prior to performing random effects models.

Results

Both HMGB1 and AGEs promote dose-dependent and RAGE-dependent wound healing of lung alveolar epithelial cells

We first tested different treatment concentrations of HMGB1 and AGEs for their effect on wound area after the scratch assay (Figure 1 and Table 1). Both RAGE ligands had dose-and timedependent effects towards better wound healing of epithelial cells. Compared to controls, cells treated with HMGB1 (0.1 µg/mL) had better wound healing (time by group interaction, p = 0.008) at 24 h and 48 h after injury (p = 0.04 and p <10 -4 , respectively, for post-hoc comparisons). A similar effect was found after treatment with AGEs (30 µg/mL) (time by group interaction, p <10 - 4 ), compared to untreated cells, at 24 h and 48 h after injury (p = 0.005 and p = 0.0001, respectively, for post-hoc comparisons) (p = 10 -4 ). The minimum effective doses of HMGB1 (0.1 µg/mL) and AGEs (30 µg/mL) were used in subsequent experiments.

Co-treatment with RAP (12.5 µg/mL) significantly reduced the effects of both HMGB1 (time by group interaction, p <10 -4 ) and AGEs (time by group interaction, p <10 -4 ) on wound area, with most detrimental effects on wound healing observed at 48 h for HMGB1 and at 12 h for AGEs (Figure 2 andTable 2).

HMGB1 and AGEs have distinct effects on the migration of lung alveolar epithelial cells during wound healing

After injury, cells treated with HMGB1 (0.1 µg/mL) showed higher migration at 12 h, but not at 48 h, compared to controls (Figure 3A); RAP did not influence cell migration after treatment with HMGB1 at both timepoints (Figure 3A). Cells treated with AGEs (30 µg/mL) had reduced migration at 12 h but increased migration at 48 h after injury, compared to controls. Treatment with RAP significantly counteracted these effects at both timepoints (Figure 3B and Table 3).

Both HMGB1 and AGEs increase lung alveolar epithelial cell proliferation in a RAGEdependent manner during wound healing

Treatment with HMGB1 (0.1 µg/mL) enhanced cell proliferation at both 12 h and 48 h after injury. These effects were significantly inhibited in presence of RAP at both timepoints (Figure 4A).

Treatment with AGEs (30 µg/mL) increased cell proliferation at both timepoints after injury, which was abrogated by RAP treatment at both timepoints (Figure 4B and Table 4).

Discussion

In this study, HMGB1 and AGEs promoted RAGE-dependent wound healing of lung alveolar epithelial cells after a scratch assay. In addition, both RAGE ligands increased cell proliferation in a RAGE-dependent manner. Treatment with HMGB1 increased cell migration at 12 h only, with no effect of RAP, whereas AGEs stimulated their migration in a RAGE-dependent manner 48 h after injury.

There is growing evidence supporting the involvement of RAGE pathway in mechanisms of cell and tissue repair after injury. Indeed, the AGE/RAGE axis promotes wound healing of human corneal epithelial cells [START_REF] Gross | Advanced Glycation End Products and Receptor (RAGE) Promote Wound Healing of Human Corneal Epithelial Cells[END_REF] and HMGB1/RAGE axis promotes keratinocyte healing in vitro [START_REF] Ranzato | HMGb1 promotes scratch wound closure of HaCaT keratinocytes via ERK1/2 activation[END_REF], with improved healing of diabetic human and mouse skin [START_REF] Straino | High-mobility group box 1 protein in human and murine skin: involvement in wound healing[END_REF]. In addition, HMGB1 improves scratch wound healing of human bronchial epithelial cells via toll-like receptor (TLR)-4 and RAGE-mediated increase in extracellular matrix synthesis and modulation of cell-matrix adhesion [START_REF] Ojo | High-mobility group box 1 promotes extracellular matrix synthesis and wound repair in human bronchial epithelial cells[END_REF]. However, in our dose-response experiments, higher doses of HMGB1 (>0.1 μg/mL) and AGEs (>30 μg/mL) were associated with no protective effect on wound healing, suggesting a nonlinear dose-response to increasing concentrations of alarmins [START_REF] Pittet | HMGB1 accelerates alveolar epithelial repair via an IL-1β-and αvβ6 integrin-dependent activation of TGF-β1[END_REF], such as RAGE ligands, and subsequent effects that can be either physiological or pathological to multiple cellular processes [START_REF] Xie | Cellular signalling of the receptor for advanced glycation end products (RAGE)[END_REF][START_REF] Schmidt | RAGE: a novel cellular receptor for advanced glycation end products[END_REF][START_REF] Bierhaus | Understanding RAGE, the receptor for advanced glycation end products[END_REF]. In our study, the activation of RAGE by both HMGB1 (0.1 μg/mL) and AGEs (30 μg/mL) promoted scratch wound healing whereas the use of a RAGE competitive antagonist abrogated these effects, thus supporting for the first time that previous findings of RAGE pathway as a promoter of wound healing may also hold true in the lung alveolar epithelium. Such findings should now be further explored in the clinical setting of ARDS to better understand the complex mechanisms involved in alveolar epithelium repair after injury, including the spreading, migration, and proliferation of alveolar epithelial cells [START_REF] Crosby | Balance of life and death in alveolar epithelial type II cells: proliferation, apoptosis, and the effects of cyclic stretch on wound healing[END_REF].

Here we found that both HMGB1 and AGEs promote A549 cell migration during wound healing.

Lung alveolar epithelial cells treated with HMGB1 acquired higher migration, compared to controls, at 12 h but not at 48 h. Although the significance of these discrepant findings remains uncertain, pro-migratory effects of HMGB1 may decrease with time, as previously reported by Huang et al. in another study on RAGE activation by HMGB1 [START_REF] Huang | High-mobility group box 1 impairs airway epithelial barrier function through the activation of the RAGE/ERK pathway[END_REF]. Concurrent treatment with RAP did not decrease the pro-migratory effect of HMGB1, suggesting that the activation of RAGE by HMGB1 may not be involved in epithelial cell migration during wound healing. Indeed, multiple studies support the interaction of HMGB1 with TLR-4, rather than with RAGE, as the main mechanism responsible for smooth muscle cell migration [START_REF] Yang | High mobility group box-1 induces migration of vascular smooth muscle cells via TLR4-dependent PI3K/Akt pathway activation[END_REF] or motility of human non-small lung cancer cells [START_REF] Zhu | HMGB1 induces human non-small cell lung cancer cell motility by activating integrin αvβ3/FAK through TLR4/NF-κB signaling pathway[END_REF]. In contrast, some studies suggest an important role of RAGE activation by HMGB1 in cell migration, such as in mouse endothelial progenitor cells [START_REF] Zhang | High-Mobility Group Box 1 (HMGB1) Induces Migration of Endothelial Progenitor Cell via Receptor for Advanced Glycation End-Products (RAGE)-Dependent PI3K/Akt/eNOS Signaling Pathway[END_REF], monocytes [START_REF] Vogel | Platelet-derived high-mobility group box 1 promotes recruitment and suppresses apoptosis of monocytes[END_REF], neural progenitor cells [START_REF] Meneghini | A novel role for the Receptor for Advanced Glycation End-products in neural progenitor cells derived from adult SubVentricular Zone[END_REF] or glial tumor cells [START_REF] Taguchi | Blockade of RAGE-amphoterin signalling suppresses tumour growth and metastases[END_REF]. Consistent with this hypothesis that RAGE is implicated in the process of cell migration; Huttunen et al. could inhibit transendothelial migration of melanoma cells in vivo and in vitro by blocking the HMGB1-binding site of RAGE [START_REF] Huttunen | Receptor for advanced glycation end products-binding COOH-terminal motif of amphoterin inhibits invasive migration and metastasis[END_REF], while Yang et al. reported that HMGB1 could induce migration of human dendritic cells via RAGE pathway [START_REF] Yang | High mobility group box-1 protein induces the migration and activation of human dendritic cells and acts as an alarmin[END_REF]. In addition to the RAGE-dependent beneficial effects of HMGB1 on A549 cell wound healing, we also found that treatment by AGEs (30 µg/mL) both decreased cell migration at 12 h and increased migration at 48 h, compared to controls, and that RAGE inhibition with RAP consistently counteracted these effects at both timepoints. Although future studies are needed to understand whether early pro-inflammatory effects of AGEs might explain, at least in part, decreased migration 12 h after AGEs treatment, the pro-migratory effect of AGEs at 48 h after lung alveolar epithelial cell scratch wounding is similar to previous findings in retinal pericytes [START_REF] Kim | Myricetin inhibits advanced glycation end product (AGE)-induced migration of retinal pericytes through phosphorylation of ERK1/2, FAK-1, and paxillin in vitro and in vivo[END_REF].

Cell proliferation is also an important contributor to wound healing, together with migration. Here, treatment with both HMGB1 and AGEs significantly increased cell proliferation at 12 and 48 h after scratch wounding, compared to controls, whereas simultaneous treatment with RAP counteracted these effects at both timepoints. Although this study is the first to report the importance of RAGE modulation in the proliferation of lung alveolar epithelial cells, these findings are consistent with previous in vitro studies in keratinocytes and fibroblasts [START_REF] Ranzato | HMGb1 promotes scratch wound closure of HaCaT keratinocytes via ERK1/2 activation[END_REF]. Similarly, blocking the HMGB1/RAGE axis through treatment with recombinant sRAGE, acting as a decoy receptor that prevents interaction between RAGE and its ligands, or after transfection of a truncated RAGE, was able to suppress proliferation of glial cells in mice [START_REF] Taguchi | Blockade of RAGE-amphoterin signalling suppresses tumour growth and metastases[END_REF]. We also observed that the anti-proliferative effect of RAP could be less pronounced at 12 h after treatment with HMGB1 than with AGEs (Figure 4). Indeed, a previous study found synergistic effects of RAGE and TLR activation on human bronchial epithelial wound healing, such that inhibition of both RAGE and TLR-4 was needed to abrogate the proliferative effects of HMGB1 [START_REF] Ojo | High-mobility group box 1 promotes extracellular matrix synthesis and wound repair in human bronchial epithelial cells[END_REF]. Our study is, however, unable to support that the effects of AGEs on lung alveolar epithelial cell proliferation might be more dependent on RAGE pathway than those of HMGB1. In particular, whether our use of an S100P-derived competitive antagonist for RAGE (RAP, Calbiochem® Merck Millipore, Molsheim, France) could bring different results than the use of an HMGB1-derived recombinant RAGE antagonist peptide deserves further investigation [START_REF] Lee | Production and application of HMGB1[END_REF].

This study has some limitations. First, we only used adenocarcinoma AT II-like alveolar epithelial cells as an in vitro cell model of the human lung alveolar epithelium. More translational studies of primary human epithelial cell cultures that include proinflammatory conditions and the integration of a more realistic environment (including, but not limited to, the presence of an extracellular matrix and of innate immunity cells) are now needed to further increase our understanding of the roles of RAGE pathway in mechanisms relevant to lung alveolar epithelial repair after injury, including studies of the potential roles of RAGE in cell transdifferentiation [53-55]. In the meanwhile, whether such RAGE-dependent mechanisms favoring lung epithelial wound healing could have clinical relevance in patients with acute lung injury such as ARDS also deserves further investigation. Second, we used RAP as a competitive RAGE antagonist [START_REF] Arumugam | S100P-derived RAGE antagonistic peptide reduces tumor growth and metastasis[END_REF]. However, how other strategies of RAGE inhibition, such as RAGE knockout animals, treatment with recombinant sRAGE, RNA interference or CRISPR-CAS9 methods would affect lung epithelial cell wound healing remains unknown. Finally, in this study, we did not investigate intracellular pathways (such as Mitogen-activated protein kinase ERK 1/2, JAK/STAT, JNK, Rho GTPase, PI3K/Akt, and NF-κB) through which RAGE could affect lung epithelial wound repair, and the mechanisms explaining these effects deserve further investigation [START_REF] Xie | Cellular signalling of the receptor for advanced glycation end products (RAGE)[END_REF].

In conclusion, HMGB1 and AGEs promote in vitro wound healing of human alveolar epithelial cells in a RAGE-dependent manner. These effects could be explained, at least in part, by increased cell migration and proliferation. Future studies are now warranted to better understand the precise signaling pathways through which the RAGE pathway affects lung epithelial wound repair. derived recombinant RAGE-antagonist peptide for anti-inflammatory therapy in acute lung injury, Eur. J. Pharm. Sci. 114 (2017) 275-284.

[53] H. Fehrenbach, R. Weiskirchen, M. Kasper, A.M. Gressner, Up-regulated expression of the receptor for advanced glycation end products in cultured rat hepatic stellate cells during transdifferentiation to myofibroblasts, Hepatology. 34 (2001) 943-952. and were analyzed using random effects models; when time by group interaction was significant, post-hoc comparisons between groups at each timepoint were performed using the same models. HMGB1: high-mobility group box 1 protein. AGEs: advanced glycation end-products.

. Dose-response effect of HMGB1 and AGEs on the wound healing of A549 cells. A)

Wound healing was assessed up to 48 h using a scratch assay of A549 cells treated with culture medium (Control) or with different concentrations of recombinant HMGB1 (0.1, 0.3, and 0.6 µg/mL). HMGB1 promotes wound healing, compared to the control condition within concentrations of 0.1 to 0.6 µg/mL; its effect on wound area was more pronounced with the minimum effective dose of 0.1 µg/mL, which was therefore used in subsequent experiments.

Values are reported as box plots with median values and interquartile ranges, and upper/lower limits (outliers). Measurements were performed in duplicate in six independent experiments. ****p <10 -4 . B) Wound healing was assessed up to 48 h using a scratch assay of A549 cells treated with culture medium (Control) or with different concentrations of recombinant AGEs (10, 30 and 90 µg/mL). AGEs promote wound healing, compared to the control condition at the concentration of 30 µg/mL; this minimum effective dose was therefore used in subsequent experiments. Values are reported as box plots with median values and interquartile ranges, and upper/lower limits (outliers). 
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  Measurements were performed in duplicate in six independent experiments. ****p <10 -4 . HMGB1: high-mobility group box 1 protein. AGEs: advanced glycation end-products.

Figure 2 .

 2 Figure 2. The effect of RAGE modulation on lung epithelial wound healing in vitro. Wound healing was assessed in lung epithelial A549 cells treated with A) HMGB1 (0.1 µg/mL) or B) AGEs (30 µg/mL), alone or combined with RAP (12.5 µg/mL). The wound area, as measured every 12 h, is expressed as the fraction of the initial wound (100% at h0). ****p <10 -4 . RAGE: receptor for advanced glycation end-products. HMGB1: high-mobility group box 1 protein. AGEs: advanced glycation end-products. RAP: RAGE antagonist peptide.

Figure 3 .

 3 Figure 3. Effects of treatment with HMGB1 and AGEs, and of RAGE inhibition by RAP, on the migration of A549 cells during wound healing. The migration of A549 cells, as expressed as fluorescence intensity (with higher intensity corresponding to higher migration) was assessed at 12 and 48 h after a scratch assay using the CytoSelect™ 96-well cell migration assay (CBA-106; 8 μm
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