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Background: The diaphragm that forms a physical barrier between the thoracic and the abdominal cavities is also the major part of the respiratory system. Congenital diaphragmatic hernia (CDH) is a malformation of that partition muscle. Expanded polytetrafluoroethylene (e-PTFE), a synthetic non-degradable biomaterial, is currently used for the repair of diaphragm defects. Indeed, this hydrophobic biomaterial does not promote rapid and dense cell colonization. Surface modifications are needed to favour or even guide cellular responses.

Materials and Methods: In this context we present here a practical and effective way of functionalization of the e-PTFE material. We investigated, by using electron microscopy, the coating with PRF (Platelet-Rich Fibrin) of PDA (polydopamine) treated e-PTFE implant material.

Results: We demonstrate that this straightforward chemical functionalization with PDA increases the hydrophilicity of e-PTFE and thus improves tissue integration. Then, we demonstrated that, whatever the contact time between PRF and e-PTFE and the centrifugation speed, the PDA coating on the e-PTFE biomaterial promotes further biological events like cell adhesion and spreading.

Conclusions: Our findings clearly show that this composite coating (chemically by using PDA + biologically by using PRF) method of e-PTFE is a simple, interesting and promising way to favour tissular integration of such biomaterials.

Introduction:

The diaphragm that forms a physical barrier between the thoracic and the abdominal cavities is also the major muscle of the respiratory system. Congenital diaphragmatic hernia (CDH) is a malformation of that partition muscle. Its incidence rate oscillates around 1 per 2500 births [1]. CDH requires surgical treatment for closing the diaphragm defect. Over the last decades, several biomaterials have been proposed to close diaphragmatic defects: synthetic nonabsorbable types (a composite mesh of PTFE associated with polypropylene, polymeric silicone for instance) or natural absorbable types (Surgisis-porcine small intestinal submucosa or Permacol-porcine dermal collagen for example), that demonstrated no advantages compared to PTFE [START_REF] Zani | Advances in the surgical approach to congenital diaphragmatic hernia[END_REF][START_REF] Talon | Polydopamine Functionalization: A Smart and Efficient Way to Improve Host Responses to e-PTFE Implants[END_REF]. Even if some biomaterials are available and quite satisfactory for the treatment of CDH, some optimisations are welcome owing to the specifications required for a prosthesis. The used biomaterial has to be biocompatible, long-lasting and elastic. Still it is quite difficult to find a biomaterial that fits all these requirements. Therefore, non-elastic patches of expanded polytetrafluoroethylene (e-PTFE), a synthetic non-degradable biomaterial, are currently used for the repair of diaphragm defects [START_REF] Kalaba | Design strategies and applications of biomaterials and devices for hernia repair[END_REF]. Polytetrafluoroethylene (PTFE), is a thermoplastic polymer of tetrafluoroethylene [(CF 2 -CF 2 ) n ] discovered fortuitously in 1938 by Plunkett for the Du Pont de Nemours company [START_REF] Chandler-Temple | Expanded poly (tetrafluoroethylene): from conception to biomedical device[END_REF].

It has a very high thermal and chemical stability, a low coefficient of friction and a high hydrophobicity. The stretched form of PTFE (expanded PTFE or e-PTFE) was developed by Wilbert Gore in 1976 [START_REF] Ebnesajjad | History of Polytetrafluoroethylene and Expanded PTFE Membrane[END_REF]. The stretching process was performed at temperatures higher than the lowest crystalline melting point of PTFE to obtain a more porous material than the original one. The first medical application of PTFE consisted in the design of artificial heart valves [START_REF] Kannan | Current status of prosthetic bypass grafts: a review[END_REF]. Gradually the field of application has expanded with the development of vascular grafts, bone regeneration supports, prosthesis for hernia repair. e-PTFE has thus proved to be very interesting in the surgical field due to its biocompatibility and stability over time. In these applications, e-PFTE is used as a barrier [START_REF] Guidoin | Expanded polytetrafluoroethylene arterial prostheses in humans: chemical analysis of 79 explanted specimens[END_REF]. Indeed it is a rigid hydrophobic material which does not make it an ideal candidate for rapid and dense cell colonization. Much work has been done to modify the surface of the e-PTFE as the surface of a material is the first contact area for the host cells. Specific surface modifications would therefore make it possible to modify or even guide cellular responses. The most commonly used method for PTFE surface modification involves high energy radiation. The adsorption of hydrophobic molecules has also been explored. Among the molecules tested, catecholamine groups inspired by mussel byssus (for example, L-3,4-dihydroxy phenylanaline, DOPA) seem particularly interesting because of their strong affinity to a wide variety of substrate [START_REF] Cassady | Enhancing Expanded Poly (tetrafluoroethylene) (e-PTFE) for Biomaterials Applications[END_REF][START_REF] Ponzio | Polydopamine films from the forgotten air/water interface[END_REF].

The oxidation of dopamine leads to polydopamine, a material closely related to eumelanin of the skin. Polydopamine (PDA) was first used as a surface coating agent in 2007. Its functional groups are many and varied, such as catechol, amines and quinones, which constitute a versatile coating agent for any organic or inorganic support. In addition it possesses coordination sites for metal cations and quinone moieties able to react with nucleophiles like the amino (-NH 2 ) or sulfidryl (-SH) groups present in proteins. It thus favours the secondary functionalization by molecules supporting cell colonization on inert materials in the raw state [START_REF] Liu | Polydopamine and its derivative materials: synthesis and promising applications in energy, environmental, and biomedical fields[END_REF].

On the other hand, platelet-rich fibrin or PRF is a platelet concentrate obtained after centrifugation of whole blood without anticoagulation agents. It is a three-dimensional network of fibrin rich in platelets, leucocytes and growth factors [START_REF] Dohan | Plateledrich fibrin (PRF): A second-generation plateled concentrate. Part I: Tecnological concepts and evolution[END_REF].

PRF has a great heterogeneity, between each of us and between each individual. Its composition varies greatly depending on the parameters of centrifugation. But many studies show that, despite this variability, it constitutes a significant support for tissue regeneration and the wound healing process [START_REF] Bielecki | Platelet-rich plasma (PPP) and Platelet-rich Fibrin (PRF): surgical adjuvants, preparations for in situ regenerative medicine and tools for tissue engineering[END_REF]. To our knowledge, PRF hasn't been yet used to promote healing process on diaphragm but is currently used in oral or maxillofacial surgery. It therefore seems highly beneficial to optimize cellular colonization of e-PTFE by the use of PRF. However, given the hydrophobic (and lipophobic) characteristics of PTFE, we undertook to evaluate the contribution of an under layer of polydopamine on PTFE to promote the linkage of PRF elements to the biomaterial while waiting for colonization by the host-cells. The purpose of these investigations, conducted by electron microscopy, is to compare and to characterize the deposition of PRF on PTFE treated or not with polydopamine. These assessments are thought to be a first step of an original research about a combined chemical and biological functionalization of e-PTFE for medical applications. The functionalization of e-PTFE with polydopamine and PRF is not expected to change the mechanical properties of the used membrane but to increase its interactions with adhering cells.

Materiel and methods

1. Biomaterial functionalization e-PTFE samples provided from Gore (Dualmesh® W.L. Gore and Associates, Flagstaff, AZ) were sterilized using the sterrad process (low-temperature hydrogen peroxide plasma gas technology) and then conditioned in 1 cm 2 samples. Dopamine hydrochloride was purchased from Sigma-Aldrich (Saint Louis, MO, ref. H8502) and used without further purification. Dopamine hydrochloride at a concentration of 2 mg.mL -1 was dissolved in 50 mM Tris buffer (pH = 8.5) with dissolved oxygen as the oxidant. Tris(hydroxymethyl) aminomethane was obtained from Euromedex (Souffelweyersheim, France). Samples of e-PTFE were dipped in the dopamine solution for 3 hours. They were then rinsed thoroughly with pure water and dried with a nitrogen jet. In this way, both sides of the substrate are coated with PDA. Functionalized e-PTFE will be denoted as e-PTFE_F and raw e-PTFE as e-PTFE_R.

PRF obtention

To define the better way to use PRF combined with e-PTFE, we prepared PRF material according to 2 criteria: area of analysis and centrifugation speed.

The study was conducted in accordance with the Helsinki Declaration (2000) and approved by the medical ethics committee of the university of Strasbourg (ClinicalTrials.gov ID: NCT03861182). All volunteers provided signed informed consent.

PRF was prepared by centrifugation of samples from healthy volunteers. Eight 10 mL blood samples were taken in specific dry tubes without anticoagulant and immediately centrifuged for 10 minutes at 25 °C at different centrifugation speeds to evaluate the impact of this parameter on the membrane architecture. Speeds tested were 1300 rpm, 1500 rpm and 1800 rpm for the deposition of a membrane and 300 rpm to get liquid PRF. The centrifuge used was the one usually used in our clinical practice (thermo scientific®, centrifugal medifuge soft dec). After centrifugation we obtain 3 phases (figure 1) of decanted blood products. The upper acellular plasma fraction is removed by capillarity with a sterile blotting paper. The red blood cell clot at the bottom of the tube is left in place and we take only the intermediate layer that corresponds to the PRF with its inferior area so called buffy coat and the upper one corresponding to the fibrin matrix [START_REF] Ehrenfest | Three-dimensional architecture and cell composition of a choukroun's platelet-rich fibrin clot and membrane[END_REF].

Contact angle measurements

For the static contact angle measurements, 3 µL of deionized water (ρ = 18.2 MΩ.cm) was dropped on the air side surface of the PDA functionalized and pristine PTFE membrane at room temperature, and the contact angle was measured after 10 s. The given values correspond to the average ± one standard deviation for n = 3 measurements. A OneAttension goniometer fitted with the OneAttension 3.1 software and image acquisition software was used for the contact angle measurements (Biolin Scientific).

Microscopy

4.1 Architectural analyses according to the areas of interest of the PRF and the centrifugation speeds using scanning electron microscopy PRF membranes obtained were prepared according to the usual technique described by Dohan et al. The membranes were splitted under sterile conditions in the upper area corresponding to the fibrin matrix and the lower zone corresponding to the buffy coat described by Dohan [START_REF] Ehrenfest | Three-dimensional architecture and cell composition of a choukroun's platelet-rich fibrin clot and membrane[END_REF].

Each fragment was immediately fixed in 4% glutaraldehyde and 1% paraformaldehyde buffered in 0.1 M sodium cacodylate at pH = 7.4. After 3 washes of 10 min in the same buffer, the samples were post-fixed with 1 % osmic acid in a 0.1 M sodium cacodylate solution for 45 min. All these chemicals were purchased from Euromedex (Souffelweyersheim, France). Then, the samples were dehydrated using the critical point drying method. Scanning electron microscopy was performed after gold-palladium coating of the samples. Observations were carried out by using a Quanta-FEG Environmental Scanning Electron Microscope (FEI Company, Eindhoven, The Netherlands).

Interactions between PRF and e-PTFE

The PRF sampling and preparation procedure were unchanged. After preparation of the membranes, they were immediately brought on sterile e-PTFE_R and e-PTFE_F patches of 1 cm 2 . Samples were placed in 24-well plates in 1 mL Dubelcco's Modified Eagles Medium (DMEM solution). Sample fixation was performed after 1h, 8h and 24h of deposition following the same protocol as before: fixation in 4% glutaraldehyde and 1% paraformaldehyde buffered in 0.1 M sodium cacodylate at pH 7.4. After 3 washes of 10 min in the same buffer, the samples were post-fixed with 1 % osmic acid in a 0.1 M sodium cacodylate solution for 45 min. Scanning electron microscopy was performed after goldpalladium coating of the critical point dried samples.

To perform TEM analyses, samples were embedded in resin. In order to increase resin impregnation, we used the Spurr resin (Sigma Aldrich, Saint Quentin Fallavier, France) that has a lower viscosity than Epon resin. The composition of Spurr mix used (adapted for this study) was the following: 5.90 g of NSA (Nonenyl Succinic anhydride), 4.10 g of ERL4221 (cycloaliphatic epoxide resin), 1.59 g of DER 736 (Diglycidyl ether of polypropyleneglycol) and 0.1 g DMAE (Dimethylaminoethanol) as an accelerator. e-PTFE samples were transferred in 1 vol Spurr resin / 2 vol absolute ethanol for 30 min, 1 vol Spurr resin / 1 vol absolute ethanol for 1 h, and finally in 100 % Spurr resin for 2 h. After one night in 100 % Spurr resin, as much as possible and then re-embedded the trimmed specimens using the above-mentioned resin. Ultra-thin sections were performed by using an automatic ultra-microtome Reichert Jung Ultracut E (Leica Microsystems, Nanterre, France) equipped with a diamond knife.

Ultrathin sections were gently heated at 45 °C during 3 min by putting the diamond knife on a warm plate (Lab-Line Instruments Inc., Ill, USA) to eliminate possible folds. Ultra-thin sections were collected on 100 mesh carbon-coated formvar-covered TEM grids and stained in a 5 % uranyl acetate solution (Euromedex, Souffelweyersheim, France) for 20 min. After rinsing in 50 % ethanol, grids were double-stained in a 4 % lead citrate solution for 10 min (Euromedex, Souffelweyersheim, France). 

Results

The e-PTFE of interest is characterized by two distinct faces, a smooth one which is supposed to limit tissue integration and a porous and "textured" one that is aimed to promote cell colonization and tissue integration. Microscopy studies were performed on both sides of the material with essentially identical observations. For didactic concerns and to give a clear picture, pictures and micrographs will only be taken on the less complex smooth face observed in electron microscopy.

First of all, we noted that the water contact angles, a semi-quantitative evaluation of the hydrophilicity of a material's surface, decrease from 121° ± 3° for the e-PTFE_R to 92° ± 10°

for the e-PTFE_F (hence after PDA functionalization), regardless of the side, which is in agreement with the fact that PDA improves the hydrophilicity of e-PTFE and so promotes fixation of biologic elements on its surface.

1. Influence of the speed of centrifugation on PRF.

First, we confirm Dohan's descriptions of the buffy coat cell-richness compared to the fibrin matrix areas, whatever the centrifugation speed [START_REF] Ehrenfest | Three-dimensional architecture and cell composition of a choukroun's platelet-rich fibrin clot and membrane[END_REF]. A cross section of the PRF membrane shows that cellular elements are trapped within the fibrin matrix (figure 2).

We know that this buffy coat is just above the red blood cells base in the collecting tube. If this separation is not precisely at the junction of these two structures and take away a part of the red blood cell fraction, one can observe a massive clot of erythrocytes including polyhedrocytes trapped within a network rich in fibrin (Figures 3).

The centrifugation speed induces progressive morphological changes of platelets and a fibrin polymerization [START_REF] Soderstrom | The effect of centrifugation speed and time on pre-analytical platelet activation[END_REF]. The platelets' morphology seems to be modified by the aggregation and clotting processes, with a close relationship between fibrin and platelets after clotting (Figure 4).

We also observed a variability in the appearance of the three-dimensional matrix as a function of the manual compression that is exerted on the PRF membranes. When manual compression is too strong, an extremely dense matrix with rare and fine interfibrillar spaces are evident, (Figure 5A). For a same PRF sample prepared with the same conditions of centrifugation, but submitted to a moderate manual compression, according the clinical protocol of use, the matrix seems more porous with well individualized fibrils (Figure 5B). Finally, the liquid PRF, which underwent no mechanical stress (uncompressed), exhibits a loose network (Figure 5C). Of course, others elements, like centrifugation speed and time, may influence the aspect of the fibrin matrix, but it seems evident that an excessive manual compression impairs the membrane's three-dimensional architecture which play an essential role in the healing process.

Finally, the diameter of the fibrin fibres and their orientation seem to be linked to the speed of centrifugation since liquid PRF exhibits a loose network of randomly oriented fibres, whereas with the increase of the centrifugation speed one can observe a thickening and an alignment of the fibrin fibres.

Interactions between e-PTFE and PRF

Whatever the duration of contact between PRF and e-PTFE and independently of the centrifugation speeds, we found a continuous deposit of PDA particles on e-PTFE material.

SEM observations clearly show that PTFE_F retains more cellular elements of PRF and fibrin matrix on it's surface after rinsing, when compared to e-PTFE_R (Figure 6).

TEM observations revealed a close contact between cellular elements of the PRF and the e-PTFE_F surface (Figure 6). The numerous focal contacts exhibited by the PRF-cells emphasize cell attachment to the PDA coating (Figure 6). Moreover, the TEM study confirms the high porosity of the e-PTFE used. The PDA coating of the e-PTFE material without a doubt promotes the adhesion of the fibrin matrix and the cells of the PRF to the biomaterial, ensuring a chemically anchored biological support for tissue regeneration by the host.

Discussion

Bridging a tissue defect and guiding tissue regrowth is a major challenge in the field of biomaterials. In the majority of clinical referral centres, e-PTFE prostheses continue to be favoured for the surgical repair of congenital diaphragmatic hernia [1]. Even though collective experience has demonstrated that CDH outcome depends on patient factors, as hernia side and presence of associated anomalies [START_REF] Fisher | Multivariate model for predicting recurrence in congenital diaphragmatic hernia[END_REF], but also rests on the biological host responses. Indeed, the rapid growth of the child that takes place during infancy and the continuous movements due to breathing subjects the implant to traction forces that can lead to the detachment of the prosthesis [START_REF] Fauza | Tissue engineering in congenital diaphragmatic hernia[END_REF]. We were able to demonstrate that prosthesis commonly used for the treatment of CDH lacks elasticity to replace the diaphragm's mechanical properties and does not follow the natural growth of the child treated [START_REF] Schneider | Computed tomographic study of the pediatric diaphragmatic growth : application to the treatment of congenital diaphragmatic hernia[END_REF]. A CT study on healthy patients was conducted for that and allows to evaluate the mean diaphragmatic growth factor about approximately 4 to 5 from early childhood to adolescence. We also evaluated biological integration of e-PTFE from explant used for diaphragm repair in CDH [START_REF] Schneider | New insight in the biological integration of polytetrafluoroethylene from an explant used for diaphragm repair[END_REF]. Our findings show a major penetration of connective tissue into the expanded polytetrafluoroethylene on the rough side, whereas the smooth side presents few tissue colonization but this penetration is very different between central area, peripheral area without any failure and peripheral area with failure of prothesis. This penetration is more important in the central area with large collagen bundles and layers, in comparison to the peripheral areas without prosthesis failure, where few extracellular matrix is produced. In contrast, the peripheral areas with prosthesis failure show very few cells and extracellular matrix, with an oriented organization. Obviously, the forces applied on the implanted material modulate the cellular behavior of the newly developed tissues. These two results suggest that the mechanical stresses undergone by the prosthesis are important and contribute to the lack of tissue integration of the latter and by extension, probably prosthesis failure.

Hence a solid tissular integration of the implanted patch is of utmost importance. The periphery of the biomaterial is the most likely entry for cellular and capillary ingrowth.

Undoubtedly pores of the implant facilitate the ingrowth of host-derived cells into the prosthesis. That is why the actual used e-PTFE is porous. For instance, it has been demonstrated that the endothelial coverage of PTFE surfaces can be modulated simply by changing the porosity of the graft material [START_REF] Clowes | Mechanisms of arterial graft healing: rapid transmural capillary ingrowth provides a source of intimal endothelium and smooth muscle in porous PTFE prostheses[END_REF]. Cellularization of a biomaterial that separates the thorax from the abdomen is not trivial, as many biomaterials used for tissue engineering applications lack cell-adhesiveness [START_REF] Gabriel | Tailoring novel PTFE surface properties: promoting cell adhesion and antifouling properties via a wet chemical approach[END_REF]. For this reason, PTFE has to be functionalized to promote the colonization by host-cells.

The use of autologous platelet concentrates obtained by centrifugation of blood is one of the research axes in tissue engineering because of its feasibility in clinical practice. The wealth of elements promoting the healing phenomena justifies the current use of the PRF. When the centrifuge runs, most platelets are activated within a few minutes after contact with the tube walls. It initiates the coagulation cascade and the resulting clot formation. This clot consists of a three-dimensional fibrin scaffold that contains activated platelets, growth factors, cytokines, and other blood cells [START_REF] Ehrenfest | Three-dimensional architecture and cell composition of a choukroun's platelet-rich fibrin clot and membrane[END_REF].

If the section between the red blood cell clots and the buffy coat is not precise, the presence of erythrocytes including polyhedrocytes might interfere with the healing role of PRF [START_REF] Cines | Clot contraction: compression of erythrocytes into tightly packed polyhedral and redistribution of platelets and fibrin[END_REF].

Here, we were able to demonstrate that whatever the centrifugation speed, among the most cited speeds mentioned in the literature, richness in cellular elements and fibrin is unchanged in the buffy coat as well in the fibrin matrix. This is a crucial point because of the need to trap the most possible leukocytes and platelets to promote the healing processes. Nevertheless, to ensure the efficacy of the PRF material by keeping cellular elements alive, these membranes have to be handled gently. One has to peel of the red blood cell base while preserving the buffy coat.

Although it is not described in the literature, as far as we know, our findings show that the centrifugation speed impacts the fibrin aspect. Fibres are aligned and larger when centrifugation speed increases. Consequently, platelet morphology and aggregation is also modified. This experiment clearly highlights two results: centrifugation parameters directly impact the quality of PRF as describes recently by Dohan and al [START_REF] Ehrenfest | The impact of the centrifuge characteristics and centrifugation protocols on the cells, growth factors, and fibrin architecture of a leukocyteand platelet-rich fibrin (L-PRF) clot and membrane[END_REF] and the forces of mechanical compression applied to PRF obviously modify its porosity and thus possibly its role in cell colonization. By the way, we always used the same centrifuges in the same environmental conditions in our experiments and to keep a porous membrane, a gentle manipulation and delicate compression probably optimizes tissue colonization from the host site.

PRF traps growth factors and platelets in a fibrin matrix. These platelets and cytokines are essential elements for the healing course. Bai et al. studied the variability of cytokine concentration according to the area of interest of the PRF material and showed that in rabbit PRF the concentration of Platelet-derived growth factor and Tumor Growth Factor is variable according to the area of interest [START_REF] Bai | Three-dimensional structure and cytokine distribution of platelet-rich fibrin[END_REF]. These authors noted a higher concentration of cytokines in the lower portion while the Insulin-like Growth Factor concentration did not change. In the same way, they showed that the fibrin matrix varies with the zone of interest with a more porous structure at the surface than near the red blood cell base. Nonetheless, this point could not be confirmed by our investigations whereas the necessary mechanical compression for the technical application of PRF seems to influence the architecture of the material. Anyway, platelets are activated during centrifugation and act as a promotor to reinforce the polymerized fibrin matrix.

Other researchers have worked on the impacts of centrifugation methods on the fibrin matrices. They modulated the duration and the direction of centrifugation with association of clockwise and counter-clockwise centrifugation. By modifying those parameters, they obtained a PRF sample with stronger and thicker fibrin network [START_REF] Tunali | A new centrifugation method for the improvement of platelet-rich fibrin products: a preliminary study[END_REF].

In a second step of our study we based on these last analyses to assess the role that polydopamine can play in the interaction between PRF and e-PTFE.

It is well known that the biological responses to a biomaterial depend on its surface properties. Changing these properties allows to expect different cellular responses. e-PTFE is a material widely used for vascular prosthesis, cardiac or tissue regeneration supports [START_REF] Ebnesajjad | History of Polytetrafluoroethylene and Expanded PTFE Membrane[END_REF] because of its stability over time. However, its hydrophobic character greatly limits the cell adhesion and thus impairs tissue regrowth. Impregnating e-PTFE with polydopamine, that is rich in catechol and quinone functions, is a rapidly emerging area of research [START_REF] Ponzio | Polydopamine films from the forgotten air/water interface[END_REF][START_REF] Liu | Polydopamine and its derivative materials: synthesis and promising applications in energy, environmental, and biomedical fields[END_REF][START_REF] Nardo | PolyDOPA Mussel-Inspired coating as a Means for Hydroxyapatite Entrapment on polytetrafluoroethylene surface or application in periodontal diseases[END_REF].

Here we demonstrate that this straightforward chemical functionalization increases the hydrophilicity of e-PTFE and thus improves tissue integration. In former studies we already described two different ways of PDA functionalization of e-PTFE [START_REF] Ponzio | Polydopamine films from the forgotten air/water interface[END_REF].

Whatever the contact time of contact between PRF and e-PTFE (1h, 8h, 24h) and centrifugation speed, PDA particles on e-PTFE surface seem to retain the cellular elements on TEM. It seems that the use of liquid PRF improves the fixing of the PRF since in this condition, we notice a denser frame of fibrin matrix remaining in contact with the e-PTFE after rinsing. Some have showed that pre-treating e-PTFE grafts with growth factors results in better cell colonization [START_REF] Randone | Dual role of VEGF in pretreated experimental e-PTFE arterial grafts[END_REF]. Functionalization of PDA covered e-PTFE with PRF is a simple and directly clinically applicable way to optimize cell colonization of the implant. donors, centrifugation speed and PRF area (fibrin matrix or buffy coat). This is very interesting and promising since PRF could improve biological response but also mechanical properties of e-PTFE. We also have proved that the polydopamine functionalisation does not change mechanical properties of e-PTFE [START_REF] Talon | How polydopamine modulates biological responses to PTFE prostheses[END_REF] by AFM measurement. PRF has already been described as a soft substrate even more when prepared as a liquid phase [START_REF] Isobe | Mechanical and degradation properties of advanced platelet-rich fibrin (A-PRF), concentrated growth factors (CGF), and platelet-poor plasma-derived fibrin (PPTF)[END_REF]. We have defined a simple and reproducible way to functionalise an inert and hard material like e-PTFE with a stable PRF membrane attractive for host cells. The next step of this research is to evaluate cellular responses.

Conclusions

Finally, the present study shows that, whatever the contact time between PRF and e-PTFE and the centrifugation speed, the PDA coating on the e-PTFE biomaterial promotes further biological events. The use of liquid PRF produces a denser fibrin matrix remaining in contact with the e-PTFE substrate after rinsing. It must be pointed out that these findings are constant, whatever the donor, the centrifugation speed and the PRF area (fibrin matrix or buffy coat).

Clearly, this composite coating (chemically by using PDA + biologically by using PRF) method of e-PTFE is a simple, interesting and promising way to favour tissular integration of such biomaterials. 

  Transmission electron microscopy was performed by using a Philips EM 208 instrument (FEI Company, Eindhoven, The Netherlands) operating under 70 kV accelerating voltage of the electrons. Micrographs were recorded on Kodak SO163 films and scanned with an Epson Perfection scan V500 PRO (Epson France, Levallois-Perret, France).
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