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Introduction

Alveolar bone crest preservation after tooth extraction is a real challenge in implantology as dimensional ridge alteration following tooth extraction, including hard and soft tissues loss, reduces the optimal implant placement [START_REF] Tan | A systematic review of post-extractional alveolar hard and soft tissue dimensional changes in humans[END_REF]. Xenogenic filling materials are used to support bone regeneration on the fresh extraction pocket and to allow a better implant fixation [START_REF] Jamjoom | Grafts for ridge preservation[END_REF][START_REF] Bassir | Systematic review and meta-analysis of hard tissue outcomes of alveolar ridge preservation[END_REF].

Clinical and histological investigations have demonstrated new bone formation after the application of materials [START_REF] Barone | Xenograft versus extraction alone for ridge preservation after tooth removal: a clinical and histomorphometric study[END_REF][START_REF] Cortellini | Tonetti MS (2015) Clinical concepts for regenerative therapy in intrabony defects[END_REF]. Indeed, when porcine bone was applied as xenograft filling material for post-extraction ridge preservation, μCT and histological examination revealed that the defect was homogeneously filled with trabecula. Over time, the filling material was replaced by newly formed bone [START_REF] Giuliani | Regenerative properties of collagenated porcine bone grafts in human maxilla: demonstrative study of the kinetics by synchrotron radiation microtomography and light microscopy[END_REF]. A clinical trial comparing bone dimensional changes following tooth extraction to extraction plus ridge preservation using cortico-cancellous porcine bone showed a decreased resorption of hard tissue ridge and formation of new bone between the porcine bone particles indicating that the material acts as a natural scaffold for new bone formation [START_REF] Barone | Xenograft versus extraction alone for ridge preservation after tooth removal: a clinical and histomorphometric study[END_REF][START_REF] Alfonsi | Molecular, cellular and pharmaceutical aspects of filling biomaterials during the management of extraction sockets[END_REF].

At the cellular and molecular levels, bone regeneration requires mesenchymal stem cells (MSCs) recruitment at the injured site. MSCs are under the control of bone microenvironment specific mediators [START_REF] Lin | Mesenchymal stem cells homing to improve bone healing[END_REF]. Upon bone injury, MSCs are mobilized into the peripheral blood by monocyte chemoattractant protein (MCP)-1, produced predominantly by macrophages [START_REF] Wang | Ischemic cerebral tissue and MCP-1 enhance rat bone marrow stromal cell migration in interface culture[END_REF]. Activated MSCs CD44 receptors recognize hyaluronic acid (HA) on endothelial cells and enhance their migration [START_REF] Puré | A crucial role for CD44 in inflammation[END_REF]. Pro-inflammatory cytokines, such as interferon-γ and TNF-α, increase the production of matrix metalloproteinases (MMPs) by MSCs, thereby enhancing their capacity to migrate through the extracellular matrix [START_REF] Hemeda | Interferon-gamma and tumor necrosis factor-alpha differentially affect cytokine expression and migration properties of mesenchymal stem cells[END_REF].

Recent investigations have reported that bone-filling materials allow MSCs migration into the bone defect and induce their differentiation [START_REF] Liu | Mechanisms of guided bone regeneration: a review[END_REF][START_REF] Mijiritsky | Porcine bone scaffolds adsorb growth factors secreted by MSCs and improve bone tissue repair[END_REF]. These bone-filling materials can act as 3-dimensional scaffold allowing adsorption of growth factors secreted from neighboring tissues and their delivery [START_REF] Murphy | Cellscaffold interactions in the bone tissue engineering triad[END_REF].

In bone fracture and remodeling, the recruitment of MSCs has been reported to be influenced by the complement C3a and C5a fragments [START_REF] Ignatius | The anaphylatoxin receptor C5aR is present during fracture healing in rats and mediates osteoblast migration in vitro: The Journal of Trauma: Injury[END_REF].

Complement is a powerful plasmatic protein cascade of innate immunity. It is composed of more than 40 plasma and membrane proteins and can be activated by three pathways: the classical, alternative, or lectin pathway. Complement activation can be induced by infectious agents, traumatic injuries, or after contact between complement proteins and biomaterials [START_REF] Ricklin | Complement: a key system for immune surveillance and homeostasis[END_REF]. This activation leads to the production of potent active mediators including the biologically active C5a fragment. C5a is a protein released from Complement component C5 cleavage by protease C5-convertase into C5a and C5b fragments. During the inflammatory process, C5a is known as an anaphylatoxin mainly involved in the vasodilatation of blood vessels and the subsequent recruitment of C5a receptor (C5aR)-expressing cells to the inflammatory site. C5a interacts with its receptor C5aR on the surface of cells such as macrophages or neutrophils. C5aR is a member of the Gprotein-coupled receptor superfamily, the ligand binding leads to phosphorylation of six serine residues [START_REF] Giannini | Phosphorylation, dephosphorylation, and recycling of the C5a receptor in differentiated HL60 cells[END_REF]. In addition to its expression by the immune cells, C5aR expression has been demonstrated in several non-immune cell types such as endothelial cells, astrocytes, skin, heart, and human MSCs [START_REF] Schraufstatter | C3a and C5a are chemotactic factors for human mesenchymal stem cells, which cause prolonged ERK1/2 phosphorylation[END_REF]. Recent data have demonstrated its implication in pulp MSCs recruitment towards injured or LTA-stimulated fibroblasts [START_REF] Chmilewsky | Pulp progenitor cell recruitment is selectively guided by a C5a gradient[END_REF][START_REF] Chmilewsky | Pulp fibroblasts synthesize functional complement proteins involved in initiating dentin-pulp regeneration[END_REF].

While the complement proteins are mainly produced by the liver, recent works have shown a local expression and synthesis of complement molecules by cells exposed to trauma, infectious agents [START_REF] Li | The relative importance of local and systemic complement production in ischaemia, transplantation and other pathologies[END_REF], or with a terminal circulation such as dental pulp fibroblasts [START_REF] Chmilewsky | Pulp fibroblasts synthesize functional complement proteins involved in initiating dentin-pulp regeneration[END_REF]. Indeed, after lipoteichoic acid (LTA) stimulation, pulp fibroblasts secrete C5a complement protein which allows a selective recruitment of dental pulp stem cells expressing C5aR [START_REF] Chmilewsky | Pulp progenitor cell recruitment is selectively guided by a C5a gradient[END_REF].

The periodontal ligament (PDL) cells can be exposed to trauma and infectious agents and their capacity to secrete complement proteins has never been investigated.

Use of bone-filling materials for alveolar bone crest preservation after tooth extraction implies interaction of the material with injured PDL cells. Understanding MSCs recruitment toward injured PDL/bone-filling site and the modulation of this process by bone-filling materials allows elucidating the cellular and molecular mechanisms involved in MSCs recruitment and making a better choice of the appropriate filling material. However, to the best of our knowledge, no studies have been performed so far to check PDL cells capacity to express and secrete complement proteins nor the role of complement activation in MSCs recruitment to the injury/filling material's application site.

Our hypothesis was that PDL cells express C5 and that they are able to produce the active C5a fragment which can be involved in MSCs proliferation and recruitment. We further hypothesized that these events may be modulated by bonegrafting materials.

PDL cells were injured to mimic the PDL injury after tooth extraction. Injured PDL cells were incubated with bone-filling materials' extracts to simulate the interaction between the injured PDL cells and the materials. C5 complement gene expression and C5a protein secretion by PDL cells was analyzed. The effects of materials on MSCs proliferation was studied by the MTT Assay. C5a fixation on MSCs, the C5aR phosphorylation, and the subsequent MSCs recruitment was analyzed using ELISA and Boyden chambers.

Material and methods

Reagents

All cell culture media and reagents were purchased from Dominique Dutscher (Brumath, France). Gen-Os ® materials (named Gen-Os ® FE: equine origin and Gen-Os ® FS: swine origin) were obtained from Tecnoss Dental (Turin, Italy) and Bio-Oss ® material from Geistlich (Wolhusen, Switzerland).

Human periodontal ligament cell culture PDL cells were obtained from immature third molars freshly extracted for orthodontics reasons in compliance with French legislation (informed patients consent and institutional review board approval of the protocol used) by the explant outgrowth method [START_REF] Jeanneau | Can pulp fibroblasts kill cariogenic bacteria? Role of complement activation[END_REF]. Cells were cultured in Minimum Essential Medium (MEM) supplemented (10% fetal bovine serum (FBS), 2 mM glutamine, 100 UI/mL penicillin, 100 μg/mL streptomycin, and 0.25 μg/mL amphotericin B) at 37 °C, 5%CO 2 atmosphere.

Human bone marrow mesenchymal stem cell culture

Human MSCs from human bone marrow were purchased from PromoCell (Heidelberg, Germany) and were cultured in MSCs Growth Medium 2 (MGM-2) (PromoCell) at 37 °C, 5% CO 2 atmosphere.

Bone-filling material extracts

To obtain bone-filling materials' extracts, samples of Gen-Os ® FE (equine origin) and FS (porcine origin) and bovine Bio-Oss ® were incubated in serum-free MGM-2 at 20 mg/mL (37 °C, 24 h). Samples were centrifuged and the supernatants were collected. The supernatants containing the materials' extracts were used for the next experimental protocols as demonstrated (Fig. 1). Use of 20 mg/mL was based on preliminary works where increasing quantities of bone-filling materials/medium volume were tested for their toxicity to PDL cells using the MTT assay. The rationale was to use the highest ratio without any toxic effects to PDL cells. This ratio used in a previously published work demonstrated angiogenic and osteogenic potentials [START_REF] Rombouts | Characterization and angiogenic potential of xenogeneic bone grafting materials: role of periodontal ligament cells[END_REF].

Conditioned media preparation

PDL cells were cultured at confluence in 12-well plates. Cells were injured with sterile scalpels in vertical and horizontal directions (5 in each direction) in serum-free MEM media and incubated with the materials' extracts or serum-free MGM-2 control media for 24 h and 72 h. The supernatants were then harvested and will be called conditioned media.

RT-PCR

Total RNAs were isolated using a PureLink RNA mini kit (Life Technologies) from injured PDL cells after incubated with the materials' extracts. RNA samples (2 mg) were reverse-transcribed by using a reverse transcription AMV system (Promega, Madison, WI). Primers used were (C5a) forward, 5′-AGTGTGTGGAAGGGTGGAAG-3′, and reverse,

′ -G T T C T C T C G G G C T T C A A C A G -3 ′ ; a n d (Glyceraldehyde 3-phosphate dehydrogenase [GAPDH] as

an internal control) forward, 5′-GAAGGTGAAGTT CGGAGTC-3′, and reverse, 5′-GAAG ATGGTGAT GGGATTTC-3′. PCR conditions were 95 °C 5 min (95 °C 30 sec, 55 °C 30 sec, 72 °C 45 sec) × 30, and 72 °C 12 min. PCR products were separated on 1% agarose gels.

C5a quantification

C5a concentrations were determined in conditioned media by the enzyme-linked immunosorbent assay (ELISA) according to the manufacturer's instructions (DuoSet ELISA Development System kit, R&D Systems, Lille, France).

C5a/C5aR binding and C5aR phosphorylation

MSCs were seeded overnight at (3000 cells/cm 2 ) in 96-well microplates. Cells were incubated with conditioned media for 5 min. In parallel, cells were also pre-incubated for 5 min with or without 10 nM of W54011, a specific C5aR antagonist (Merck, Darmstadt, Germany). After washing, cells were fixed (3% paraformaldehyde, 20 min) and saturated (5% BSA, 1 h). C5a/C5aR binding was visualized by biotinylated mouse anti-human C5a Supernatants from injured PDL cells incubated with materials' extracts (conditioned media) were applied on MSCs cultures to evaluate C5a binding to MSCs C5aR and its phosphorylation by ELISA, to quantify their proliferation using MTT assay and their migration using Boyden chambers IgG (2 μg/mL, 2 h) followed by Streptavidin-HRP (20 min) and substrate solution (20 min) (R&D Systems, Lille, France). C5aR phosphorylation was visualized by biotinylated rabbit antihuman C5aR-p(Ser338) (Abcam, Paris France) (2 μg/mL, 2 h) followed by Streptavidin-HRP (20 min) and substrate solution (20 min) (R&D Systems, Lille, France). Optical densities were measured at 650 nm using an automatic microplate spectrophotometer (Metertech Inc., Taipei, Taiwan). C5a/C5aR binding and C5aR phosphorylation are expressed as percentage of the control condition.

Mesenchymal stem cell proliferation

MSCs were cultured at low density (1000 cells/cm 2 ) in 96-well culture plates for 24 h. Media were replaced by conditioned media. After 3, 6, and 9 days, the supernatants were removed and a succinyl dehydrogenase (MTT) assay was performed as described [START_REF] Mathieu | Usefulness of controlled release of growth factors in investigating the early events of dentin-pulp regeneration[END_REF] to measure cell proliferation [START_REF] Jia | Insulin and heparin-binding epidermal growth factor-like growth factor synergistically promote astrocyte survival and proliferation in serum-free medium[END_REF]. Results are expressed as percentage of control (conditioned media without material extract).

Mesenchymal stem cell migration

Migration was studied using Boyden chambers (8 μm pore size) in 12-well plates. Confluent PDL cells were cultured in the lower chamber. Cells were then injured with scalpels and incubated with either materials' extracts or serum-free MGM-2 control media. MSCs (10 4 cells/100 μl) were seeded in the upper chamber with or without the C5aR antagonist, W54011 (10 nmol/L). After 24 h, cells migrating to the lower side of the membrane were fixed (15 min, cold ethanol 70%) and stained with hematoxylin (20 min). The number of migrating cells was counted in 5 random fields using light microscopy. Results are expressed as percentage of control (cells migrating in response to injured PDL incubated in serum-free MGM-2).

Statistical analysis

All the experiments were performed in triplicates with 3 different cell populations. Statistical significance was determined using the Student's t test to compare two sets of data from the different treatments and their respective controls. Data were expressed as means ± SD and considered significant for p < 0.05.

Results

Gen-Os® bone-filling materials increase C5a secretion by injured periodontal ligament cells

Reverse transcriptase (RT)-PCR analysis shows that injured PDL cells express C5 gene regardless of the bone-filling material extract used (Fig. 2a). However, C5a quantification by ELISA showed that Gen-Os ® materials significantly induced C5a secretion after 24 and 72 h as compared with the control (Fig. 2b). Bio-Oss ® slightly increased C5a secretion but the difference was not statistically significant when compared with the control (Fig. 2b).

Fixation of C5a on mesenchymal stem cells phosphorylates their C5aR

PDL-secreted C5a was first tested for its binding to MSCs C5aR (Fig. 3a). C5a/C5aR binding significantly increased only with conditioned media from Gen-Os ® (FE and FS) materials as compared with the control or Bio-Oss ® (Fig. 3b). Furthermore, C5aR activation, investigated by its phosphorylation, was not affected by Bio-Oss ® conditioned media while it significantly increased with both Gen-Os ® (FE and FS) materials as compared with the control (Fig. 3c). Both fixation and phosphorylation were significantly decreased by incubation with the C5aR antagonist W54011 (Fig. 3b,c).

Gen-Os® bone-filling materials induce mesenchymal stem cell proliferation

A significant increase of MSCs proliferation was observed with Gen-Os ® materials after 9 days. By contrast, this ELISA showed that both Gen-Os ® materials significantly increased C5a secretion after 24 and 72 h while Bio-Oss ® did not affect this secretion. Results are expressed in pg/mL. The asterisk indicates a statistical significant difference with the control proliferation was decreased significantly after 6 and 9 days with Bio-Oss ® as compared with the control (Fig. 4).

Gen-Os®-induced mesenchymal stem cell migration

The migration assay in Boyden chambers is illustrated with a schematic view of the protocol used (Fig. 5a). The migration results are illustrated with representative pictures (Fig. 5b (a-d)). Quantitative analysis showed that MSCs migration significantly increased toward injured PDL cells incubated with all materials' extracts (Fig. 5c). However, incubation with Gen-Os ® induced a significantly higher migration than Bio-Oss ® . Furthermore, adding the C5aR-specific antagonist significantly reduced MSCs migration, indicating that this migration occurs through specific C5a/C5aR interactions (Fig. 5c). 

Discussion

This work demonstrates that injured PDL cells express complement C5 protein and secrete the bioactive C5a fragment which binds to its receptor (C5aR) on mesenchymal stem cells. Moreover, bone-filling materials stimulate C5a production by injured PDL cells and this stimulation is higher with Gen-Os ® bone-filling materials than with Bio-Oss ® . Binding of C5a to C5aR leads to its phosphorylation and the subsequent mesenchymal stem cell recruitment. This binding is specific and appears to be mediated by C5a as inhibiting this fixation with the C5aR antagonist, W54011, significantly decreased C5a fixation on its receptor and the subsequent stem cell recruitment. Moreover, Gen-Os ® bone-filling materials significantly induced MSCs proliferation while an inhibition was observed with Bio-Oss ® . Bone-filling materials are applied directly onto the injured periodontal tissues in vivo. Although a direct contact is established between the material's surface and the underlying cells, small molecules leach out of the material and interact indirectly with PDL and MSCs. This situation is simulated in our investigation by studying the impact of three xenogeneic bone-filling material extracts on PDL cell secretion of C5a and the subsequent effects on MSCs proliferation and recruitment.

In this work, PDL cells expression of complement proteins is a new finding as this is the first report of C5 expression and bioactive C5a release by PDL cells. Complement proteins are known to be synthesized by the liver and some immune cells [START_REF] Morris | Complement biosynthesis by the human hepatoma-derived cell line HepG2[END_REF][START_REF] Lubbers | Production of complement components by cells of the immune system: production of complement components[END_REF]. After activation, biologically active fragments such as C3a and C5a initiate the inflammatory reaction [START_REF] Peng | The role of anaphylatoxins C3a and C5a in regulating innate and adaptive immune responses[END_REF]. Recent data have demonstrated that the pulp fibroblasts synthesize complement proteins [START_REF] Chmilewsky | Pulp fibroblasts synthesize functional complement proteins involved in initiating dentin-pulp regeneration[END_REF]. After incubation with lipoteichoic acid simulating infection with Gram-positive bacteria, these cells release C5a which binds to pulp stem cells and induce their recruitment at the LTA stimulation site. This suggests an implication of C5a in the local regulation of the initial steps of pulp-dentin regeneration. Similarly, PDL cells express C5 mRNA and release the bioactive C5a fragment. The binding of this fragment on its receptor on MSCs lead to C5aR phosphorylation. This phosphorylation is followed by increased MSCs recruitment to C5a production site. This suggests that PDL cells are involved in the local regulation of the initial steps of bone regeneration via complement expression and synthesis.

Another potential effect of C5a protein secretion by PDL cells is the recruitment of macrophages. Indeed, C5a is known as an anaphylatoxin. It increases vessel permeability and allows macrophage cell recruitment from the bloodstream into injured or infected tissues. Macrophages express C5a receptor and their recruitment has been investigated in response to C5a production by pulp fibroblasts. This recruitment was even higher when pulp fibroblasts were injured or stimulated by lipoteichoic acid from Gram-positive bacteria [START_REF] Giraud | Complement activation by pulp capping materials plays a significant role in both inflammatory and pulp stem cells' recruitment[END_REF]. The recruited macrophages may contribute to pathogens and cell debris elimination by phagocytosis which represents a prerequisite for tissue regeneration.

The differences in C5a secretion level between Gen-Os ® and Bio-Oss ® can be explained by (1) a possible toxic effect of Bio-Oss ® as reported in Fig. 4 where Bio-Oss ® inhibited cell proliferation. This result is in line with the study by Zimmerman and co-workers who reported a toxic effect of Bio-Oss ® eluates on porcine mesenchymal stem cells likely due to toxic substances eluted from the Bio-Oss ® material during extract preparation [START_REF] Zimmermann | Biocompatibility of bone graft substitutes: effects on survival and proliferation of porcine multilineage stem cells in vitro[END_REF]. ( 2 Bio-Oss ® exhibits larger particle size than Gen-Os ® . Energy dispersive spectroscopy showed that Bio-Oss ® had a lower calcium to phosphate ratio (1.63) when compared with both equine (2.07) and porcine (2.15) Gen-Os ® . Analysis by Fourier transform infrared spectroscopy showed a higher incorporation of carbonate in the apatite in Bio-Oss ® . The porcine and equine Gen-Os ® displayed bands at 1650 and 1560 cm -1 characteristic of the amide C=O stretching vibrations and N-H bending vibrations indicating the presence of collagen in both Gen-Os ® samples in bands at 3450 and 1450 cm -1 [START_REF] Rombouts | Characterization and angiogenic potential of xenogeneic bone grafting materials: role of periodontal ligament cells[END_REF][START_REF] Adams | Osteoblast response to nanocrystalline calcium hydroxyapatite depends on carbonate content: osteoblasts and Carbonated Hydroxyapatite[END_REF]. The manufacturing procedure of Gen-Os ® materials at low temperatures allows the preservation of the natural collagen matrix [START_REF] Figueiredo | Physicochemical characterization of biomaterials commonly used in dentistry as bone substitutes-comparison with human bone: biomaterials in dentistry as bone substitutes[END_REF]. Bio-Oss ® used in this experience had no collagen incorporated. It has been suggested that the presence of collagen creates a favorable environment for bone regeneration [START_REF] Barone | Bone, biomaterials & beyond[END_REF]. Thus, a difference in C5a secretion levels between the materials can be due to the chemical components leaching out of the materials. Indeed, complement can be activated by its interaction with biomaterials containing free OH, NH 3 , or COOH groups, which are known to activate the complement classical pathway [START_REF] Andersson | C3 Adsorbed to a polymer surface can form an initiating alternative pathway convertase[END_REF][START_REF] Nilsson | Can cells and biomaterials in therapeutic medicine be shielded from innate immune recognition?[END_REF]. MSCs expression of C5aR reported here is in line with previous investigations showing C5aR expression by osteoblasts and osteoclasts, as well as human MSCs, undergoing osteogenic differentiation, and that their activation by C5a induces a strong chemotactic activity that might play a regulatory role in fracture healing in intramembranous and in endochondral ossification [START_REF] Ignatius | Complement C3a and C5a modulate osteoclast formation and inflammatory response of osteoblasts in synergism with IL-1β[END_REF]. By contrast, Gen-Os ® FE and FS induced a significant increase in C5a secretion, its binding to C5aR on MSCs and the induction of their recruitment. These effects of C5a correspond to the initial steps of bone regeneration which requires the presence and proliferation of stem Migration data analysis shows that Bio-Oss ® and both Gen-Os ® (FE and FS) significantly increased MSCs migration as compared with the control. Use of C5a fixation inhibitor significantly decreased the migration levels for all conditions. Results are expressed as means ± standard deviation. All results had statistically significant differences as compared with control condition (p < 0.05) The asterisk indicates a statistical significant difference with the control. Double asterisks indicate a statistical significant difference after adding C5aR antagonist. The section sign indicates a statistical significant difference between Gen-Os ® materials and Bio-Oss ® cells and their recruitment and differentiation for osteogenesis at the injury site [START_REF] Schraufstatter | Complement activation in the context of stem cells and tissue repair[END_REF].

Thus, while bone-filling materials act as a bio-resorbable scaffold providing a 3-dimensional environment for MSCs attachment and proliferation [START_REF] Hutmacher | Scaffolds in tissue engineering bone and cartilage[END_REF], the production and release of C5a at the bone-filling material application site is of prime importance as it acts as a chemotactic signal for MSCs recruitment. An increased C5a production would guide MSCs recruitment to the injury and bone-filling material application site thus initiating the bone regeneration process. A migration assay was also performed to study the effects bone substitute extracts alone on MSCs recruitment. Under these conditions, no migration was observed indicating that MSCs migration is only due to PDL cell secretion (data not shown). While this type of work can be extended to several bone-filling materials and dentin chips, we used Bio-Oss ® and Gen-Os ® materials based on our previous experimental knowledge of these materials which showed an angiogenic and an osteogenic potential [START_REF] Rombouts | Characterization and angiogenic potential of xenogeneic bone grafting materials: role of periodontal ligament cells[END_REF].

Overall, this work allows understanding the molecular and cellular mechanisms underlying this regeneration process. Interaction of bone-filling materials with the injured PDL cells modulates the local environment by inducing C5a secretion. Bone-filling materials are not physiologically inert. After fixation on MSCs receptor, C5a recruits stem cells to the C5a production site and allows stem cells to regenerate bone in the filling material site. Within the limits of this study in vitro, Gen-Os ® -filling materials of equine and porcine origins have a higher potential than bovine Bio-Oss ® on MSCs proliferation and C5a-dependent recruitment to the PDL injury site and the subsequent bone regeneration.

Fig. 1 A

 1 Fig.1A schematic view of the experimental setup. Materials' extracts were obtained by incubation of bone-filling materials in MGM-2 (24 h, 37 °C, 5% CO 2 ). Physically injured PDL cells were then incubated with these extracts for 24 h or 72 h. C5 gene expression was analyzed directly on cells by RT-PCR while C5a secretion was quantified by ELISA.

Fig. 2

 2 Fig.2C5 gene expression and C5a secretion by PDL cells. a C5 gene expression using RT-PCR on injured PDL cells. All materials' extracts induced C5 gene expression by injured PDL cells after 24 and 72 h. b ELISA showed that both Gen-Os ® materials significantly increased C5a secretion after 24 and 72 h while Bio-Oss ® did not affect this secretion. Results are expressed in pg/mL. The asterisk indicates a statistical significant difference with the control

Fig. 3

 3 Fig.3Determination of C5a binding/phosphorylation of MSCs C5aR. a A schematic representation of the protocol used. Supernatants of injured PDL cells incubated with materials' extracts containing the secreted C5a (conditioned media) were applied onto MSCs which express C5a receptor (C5aR). b C5a/C5aR binding quantification: ELISA showed that a statistically significant increase of C5a/C5aR binding with Gen-Os ® (FE and FS) materials as compared with the control. Bio-Oss ® did not increase this binding. c C5aR phosphorylation: a significant increase of C5aR phosphorylation was observed with Gen-Os ® (FE and FS) materials as

Fig. 4

 4 Fig. 4 Effects of materials on MSCs proliferation. Bio-Oss ® significantly reduced cell proliferation after 6 and 9 days as compared with the control. By contrast, a significant increase of MSCs proliferation was observed with Gen-Os ® (FE and FS) materials after 9 days. Results are expressed in percentage of control (3 days incubation as baseline). Results are

Fig. 5

 5 Fig. 5 Effects of materials on MSCs migration. a A schematic view of the migration assay using Boyden chambers. Injured PDL cells were cultured in the lower chambers (12-well plate) with the materials' extracts while MSCs were placed in the upper chambers (8 μm pore) for 24 h (± W54011, C5a fixation inhibitor). After 24 h, migrating cells were fixed, stained, and counted using optical microscopy. b Representatives pictures used for migrating cell count. (a) Control, (b) Bio-Oss ® , (c) Gen-Os ® FE, and (d) Gen-Os ® FS without C5a inhibitor (scales bars = 50 μm). c Migration data analysis shows that Bio-Oss ® and both Gen-Os ® (FE
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