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a b s t r a c t Biomaterials surface design is critical for the control of materials and biological system interactions. Being regulated by a layer of molecular dimensions, bioadhesion could be effectively tailored by polymer surface grafting. Basically, this surface modification can be controlled by radical polymerization, which is a useful tool for this purpose. The aim of this review is to provide a comprehensive overview of the role of surface characteristics on bioadhesion properties. We place a particular focus on biomaterials functionalized with a brush surface, on presentation of grafting techniques for "grafting to" and "grafting from" strategies and on brush characterization methods. Since atom transfer radical polymerization (ATRP) and reversible addition-fragmentation chain transfer (RAFT) polymerization are the most frequently used grafting techniques, their main characteristics will be explained. Through the example of poly(N-isopropylacrylamide) (PNIPAM) which is a widely used polymer allowing tuneable cell adhesion, smart surfaces involving PNIPAM will be presented with their main modern applications.

Introduction

Current developments in medicine have led to a need for new biomaterials in applications involving innovative strategies for disease treatment. These biomaterials have to fulfil various requirements depending on the application but in all cases biocompatibility is a crucial point that has to be considered in early processing stages. Biocompatibility is defined as the ability to act in a living system without any toxicity or rejection, whether physiological or immunological. Although biocompatibility includes "non-toxicity", these two concepts still remain differentiated. Sur-face functionalization of a material is sometimes necessary to avoid strong inflammatory responses and improve biocompatibility.

On the other hand, surfaces not only act as passive interfaces between the body (immune system, blood, cells) and the biomaterial but also take an active part in cell spreading, proliferation, differentiation and migration: all of these phenomena are intensively linked to surface/cell interactions. Thus, surfaces play a crucial role in the function of the biomaterial and can be used, for example, as activators of cells for tissue reconstruction (tissue engineering) [START_REF] Kasemo | Biological surface science[END_REF]. In this field, cell adhesion to the surface is a key factor that must be carefully considered. Bioadhesion is defined as the adhesion between a biological entity, e.g. cells or tissues, and a surface. It is a complex phenomenon that involves many parameters. For a long time, it was difficult for scientists to clearly identify the mechanisms underlying cell adhesion, but they are becoming increasingly well understood. The interest of scientists for bioadhesion is not only theoretical but is also essential for the wide spectrum of applications depending on cell/surface affinity.

In cell sheet engineering, surface properties are used to control cell adhesion, so the living sheets can be stripped off easily. It was shown that cell sheets integrate well into tissues [START_REF] Yang | Cell sheet engineering: recreating tissues without biodegradable scaffolds[END_REF] and are promising tools for tissue reconstruction. Smart surfaces tunable between "on" (adhesive) and "off" (non-adhesive) states are then feasible. Naturally, the study of thermosensitive materials has been widely reported in the literature. Poly(N-isopropylacrylamide) (PNIPAM) is a promising polymer as a change of its hydrophilic interactions, and indirectly bioadhesivness, takes place between the room temperature and body temperature. More precisely, its lower critical solution temperature (LCST) occurs at 32 • C. While the monomer is cytotoxic, the polymer shows no toxicity for the various cell types [START_REF] Cooperstein | Assessment of cytotoxicity of (N-isopropyl acrylamide) and poly(N-isopropyl acrylamide)-coated surfaces[END_REF] and constitutes a good example to help understand bioadhesion mechanisms. Its characteristics make this polymer one of the most intensively studied in the literature whether grafted or coated onto material surfaces.

Plasma treatment is probably the most common process for surface modification, both for the introduction of functional groups or for coating the surface with polymer [START_REF] Tourrette | Incorporation of poly(N-isopropylacrylamide)/chitosan microgel onto plasma functionalized cotton fibre surface[END_REF]. In the presence of air, oxygenated surfaces will be produced under the plasma, leading to a change in hydrophilicity [START_REF] Lim | Wettability of poly(styrene-co-acrylate) ionomers improved by oxygen-plasma source ion implantation[END_REF]. This modification can involve an increase in cell adhesion, as is the case for polystyrene (PS) [START_REF] Bacakova | Modulation of cell adhesion, proliferation and differentiation on materials designed for body implants[END_REF]. In addition, the plasma can etch the surface, enhancing its roughness. This modification of topography, as observed in plasma-treated poly(methyl methacrylate) (PMMA), tends to increase the cell affinity to these surfaces [START_REF] Borges | Polymer films with surfaces unmodified and modified by non-thermal plasma as new substrates for cell adhesion[END_REF]. The introduction of reactive groups also permits compounds or chemical functions to be grafted onto the material surfaces. In the presence of oxygen, surfaces activated via the introduction of hydroxyl groups, can be grafted with monomers or polymers, such as NIPAM/PNIPAM though N-(3-dimethylaminopropyl)-N -ethylcarbodiimide (EDC)/N-hydroxysuccinimide (NHS) amide coupling [START_REF] Sdrobis | Modification of cellulose/chitin mix fibers with N-isopropylacrylamide and poly(N-isopropylacrylamide) under cold plasma conditions[END_REF]. Under argon plasma, radicals will be produced. These radicals can be used directly or, after exposition to air, create peroxides that can initiate polymerization [START_REF] Lee | Preparation of pH/temperature responsive polymer membrane by plasma polymerization and its riboflavin permeation[END_REF].

While plasma treatment presents the advantage of being easy to perform on materials, only a low level of surface structuring is obtained. In addition, it was shown that plasma-deposited PNI-PAM shows greater cell adhesion than e-beam coated PNIPAM [START_REF] Reed | Effect of polymer deposition method on thermoresponsive polymer films and resulting cellular behavior[END_REF]. These results emphasized the importance of the method used for surface modification. Control of the surface structure also seems to be a critical point. A brush structure, i.e. a self-assembled closepacked monolayer of polymer chains, provides precise control of the surface morphological properties. More specifically, it becomes possible to control the thickness and the density of the grafted layer. As a result, these structures are now extensively used, especially for biomedical applications, and display good performance in terms of bioadhesion [START_REF] Moroni | Polymer brush coatings regulating cell behavior: passive interfaces turn into active[END_REF].

To obtain controlled brushes, a well-defined grafted polymer is necessary. Controlled radical polymerization can be used to control polymer grafting using various techniques. The most popular ones are ring-opening polymerization, nitroxide-mediated polymerization, reversible addition fragmentation chain transfer (RAFT) and atom transfer radical polymerization (ATRP). A review of functional polymer brushes produced by controlled radical polymerization was published by Olivier et al. [START_REF] Olivier | Surface-initiated controlled polymerization as a convenient method for designing functional polymer brushes: from self-assembled monolayers to patterned surfaces[END_REF]. RAFT polymerization and ATRP are widely used as they are versatile and reduce poly-dispersities. They rely on the equilibrium between dormant and active species, so are sometimes called "living" polymerizations.

It is necessary to understand cell adhesion mechanisms to design a biomaterial with tunable bioadhesion properties. The aim of this review is not to be exhaustive on surface modification processing but to give a comprehensive multidisciplinary overview of the cell/surface adhesion mechanisms as well as the chemical engineering of surfaces. Hence, an introduction to cellular biology and bioadhesion will be made. A second part will deal with brushes and the chemical routes used to obtain such structures. More precisely, ATRP and RAFT polymerization methods will be reviewed along with the ways in which they have been characterized. Finally, engineering of tunable surfaces using PNIPAM will be presented with its main and most recent applications.

Bioadhesion

Bioadhesion mechanisms

With a size from 1 to 100 m, cells are composed of various entities. Some are dedicated to its structure: a phospholipid bilayer, the cell membrane, maintains the separation between the cytosol (internal liquid phase) and the extra-cellular matrix (ECM) and the cytoskeleton, composed mainly of microtubules and actin filament networks, control the rigidity of the structure [START_REF] Bao | Cell and molecular mechanics of biological materials[END_REF]. The ECM composition varies depending on the tissue concerned. It contains a number of proteins: fibronectin, collagen, laminin, but also growth factors and all the proteins needed for cell support and inter-cell communication. Actin filaments assemble to constitute the cytoskeleton. They are connected to integrins (transmembrane glycoproteins) through vinculin and talin (Fig. 1) [START_REF] Gao | Molecular mechanisms of cellular mechanics[END_REF][START_REF] Xu | Vinculin knockout results in heart and brain defects during embryonic development[END_REF]. These integrins specifically bind to ECM proteins such as fibronectin (or vitronectin) through arginylglycylaspartic acid (contraction of Larginine, glycine, and L-aspartic acid, abbreviated RGD) coupling. These integrin/ECM protein interactions are responsible for cell adhesion to surfaces (intercellular cohesion is regulated by other mechanisms, e.g. cadherin-mediated homotypic junctions). This adhesion is commonly divided into the different phases described in Fig. 2a [START_REF] Anselme | Cell/material interfaces: influence of surface chemistry and surface topography on cell adhesion[END_REF]. The first seconds of contact are characterized by the formation of non-specific interactions. Then, biological interactions occur, including adhesion protein/fibronectin interactions. This second step leads to a cascade of actions including the reorganization of the cytoskeleton and clustering of integrin receptors. Consequently, cells contract their cytoskeleton to maintain a mechanical state of tension, also called prestress. Later, cells produce ECM to reinforce their integration and maintain a propitious environment. It is thus obvious that the adsorption of adhesive proteins is a key point for cell adhesion.

Surfaces and bioadhesion

Two main parameters will determine the behavior of implanted biomaterials: (1) their bulk properties, especially the rigidity, plays a role in the quality of the implantation into tissues, and (2) their surface properties control the immune system response (called immunogenicity), the destruction of cell integrity, and the bioad-Fig. 1. The adhesion structure of a cell in a matrix. The matrix is linked to the cytoskeleton through integrins and talins. Reproduced from Ref. [START_REF] Gao | Molecular mechanisms of cellular mechanics[END_REF] with the permission of The Royal Society of Chemistry. hesion. As cell membranes are anionic, cationic surfaces have to be carefully used since they can damage cells and tissues, whereas negatively charged polymers will electrostatically repel cells [START_REF] Lee | Interaction of cells on chargeable functional group gradient surfaces[END_REF][START_REF] Tamura | Efficient siRNA delivery based on PEGylated and partially quaternized polyamine nanogels: enhanced gene silencing activity by the cooperative effect of tertiary and quaternary amino groups in the core[END_REF][START_REF] Tamura | Simultaneous enhancement of cell proliferation and thermally induced harvest efficiency based on temperature-responsive cationic copolymer-grafted microcarriers[END_REF][START_REF] Fischer | In vitro cytotoxicity testing of polycations: influence of polymer structure on cell viability and hemolysis[END_REF]. The importance of surface/cell interactions has been investigated for many years, and an interesting discussion was published in 2001 by Castner et al. [START_REF] Castner | Biomedical surface science: foundations to frontiers[END_REF]. In this aim, synthetic materials and bioadhesion have been studied and observed by scanning electron microscopy (SEM, Fig. 2b).

An important point is to realize that in a living system surfaces are spontaneously covered by proteins. It is now better understood that cell adhesion is both ruled by (i) specific (biological) interactions (receptor/ligand) and (ii) the physico-chemical properties of the material. Hydrophilicity, mechanical properties and morphology are among the parameters involved in the bioadhesion process.

As mentioned above cell adhesion between tissues and ECM is possible through the specific binding of integrin with fibronectin (Fig. 1) [START_REF] Lodish | L'intégration cellulaire dans des tissus[END_REF]. In 2011, Pei et al. observed the importance of specific interactions (i.e. fibrinogen RGD coupling) in the process of attachment between cells and their substrate [START_REF] Pei | The role of plasma proteins in cell adhesion to PEG surface-density-gradient-modified titanium oxide[END_REF]. They noted the number of human foreskin fibroblast (hFF) cells and how they spread on poly(ethylene glycol) (PEG) brush surfaces (see Section 3.1) grafted onto TiO 2 and compared pre-treated hFF (blocked integrin bonding-sites) and non-treated hFF (free integrin bonding sites).

The number of attached cells strongly decreased when the integrin bonding sites were blocked. Nevertheless, weak non-specific interactions occurred when there was a high level of affinity between the cells and the biomaterial. This study also provides precious information on the influence of the PEG brush density. PEG is an anti-fouling polymer. At high grafting density, PEG chains are collapsed in a "brush regime" (L < 2Rg, with L the distance between two neighboring chains and Rg the radius of gyration of polymer chains), whereas a "mushroom regime" is observed at lower values (L > 2Rg). A gradient of PEG was used to observe its effect on protein adsorption and cell adhesion. For short experiments, as the density of PEG increased, a strong decrease of the number of adhered cells occurred when the brush regime was reached and a correlation established with the protein adsorption profile. Fibroblast saturation occurs in the "brush regime", meaning that even a low amount of fibrinogen (2.2 ± 3.4 ng/cm2) is sufficient to activate adhesion. Here the importance of protein/cell specific interactions is obviously crucial.

A model involving a protein layer between biomaterials and cells was established in the early 2000's [START_REF] Kasemo | Biological surface science[END_REF][START_REF] Castner | Biomedical surface science: foundations to frontiers[END_REF][START_REF] Andersson | Binding of C3 fragments on top of adsorbed plasma proteins during complement activation on a model biomaterial surface[END_REF]. According to this model, cell/matrix adhesion depends on the ability of the surface to adsorb proteins without modifying their native structure. Denaturation is brought about by the water structure near the surface, i.e. the hydrophilicity of the superficial layer on the material. A review, published in 2011 dealt with the concept of native immune system response (cascade system) [START_REF] Ekdahl | Innate immunity activation on biomaterial surfaces: a mechanistic model and coping strategies[END_REF]. The article emphasized the importance of the non-denaturation of protein structure at the material/body interface to avoid activation of the primary immune system. In 1998 Volger et al. already underlined the importance of surface chemistry in terms of hydrophobic/hydrophilic properties [START_REF] Vogler | Structure and reactivity of water at biomaterial surfaces[END_REF]. This group showed that water/surface interactions are of interest. As criteria of hydrophilicity/hydrophobicity they used contact angle measurements. A strongly bound water to a surface (i.e. hydrophilic surface) cannot be removed. This will avoid interactions directly between a biological entity (e.g. a protein), and the surface, leading to low or absence of adsorption [START_REF] Pertsin | Computer simulation of water near the surface of oligo(ethylene glycol)-terminated alkanethiol self-assembled monolayers[END_REF]. Moreover, it is widely accepted that moderately hydrophilic materials are suitable for cell adhesion, with a contact angle around 70-80 • [START_REF] Ma | Surface modification and property analysis of biomedical polymers used for tissue engineering[END_REF][START_REF] Suzuki | Characteristics of silica-chitosan complex membrane and their relationships to the characteristics of growth and adhesiveness of L-929 cells cultured on the biomembrane[END_REF]. For example, endothelial cells show good attachment to polycaprolactone-grafted-poly(methyl methacrylate) (PCL-g-PMMA) surface with a contact angle around 70 • . Additionally, it is now accepted that surfaces which are too hydrophobic lead to the denaturation of proteins [START_REF] Kasemo | Biological surface science[END_REF][START_REF] Ma | Surface modification and property analysis of biomedical polymers used for tissue engineering[END_REF]. More precisely, hydrophobic and hydrophilic amino acids, constitutive of proteins, rearrange their organization depending on the surrounding media and thus hydrophobic surfaces can favor the externalisation of hydrophobic moieties, leading to unfolded proteins [START_REF] Tidwell | Static time-of-flight secondary ion mass spectrometry and x-ray photoelectron spectroscopy characterization of adsorbed albumin and fibronectin films[END_REF]. Regarding this assessment, post-treatments (e.g. plasma treatments) are sometimes used to increase surface hydrophilicity through the introduction of polar functional groups. In contrast, it is known that the interactions of highly hydrophilic surfaces with ECM adhesion proteins are weak [START_REF] Bacakova | Modulation of cell adhesion, proliferation and differentiation on materials designed for body implants[END_REF]. Keselowsky et al. characterized various functional groups on the criteria of fibronectin adsorption (in increasing order): OH < COOH < CH 3 < NH 2 . On the other hand, adhesion of osteoblasts increases as follows: CH 3 < NH 2 = COOH < OH [START_REF] Keselowsky | Surface chemistry modulates fibronectin conformation and directs integrin binding and specificity to control cell adhesion[END_REF]. This trend inversion can be explained by the geometrical deformation of ECM proteins, i.e. denaturation. On brush surfaces, the optimal contact angle depends not only on the nature of the matrix but also on the method of surface modification. This can be due to the influence of chain length and density of the grafted polymer on the conformation of the protein adsorbed on the surface. For instance, it has been pointed out that when Fe 2+ is used as initiator for the graft polymer-ization of PMMA on poly(L-lactic acid) (PLLA) surfaces, maximum chondrocyte attachment is obtained when the contact angle is 52 • , whereas UV-initiated surfaces are optimal for a contact angle of 76 • [START_REF] Ma | Surface modification and property analysis of biomedical polymers used for tissue engineering[END_REF]. The authors suggest that the difference of biological properties between the two PLLA grafted PMMA could be due not only to surface wettability (contact angle) but also to the higher density, uniformity and shorter chains of iron-initiated polymerized surfaces. The wettability criterion is obviously strongly limited as the surface mechanical properties and structure, cell types and charge density are ignored. For example, Bacakova et al. showed that soft matrices are not favorable for cell adhesion [START_REF] Bacakova | Modulation of cell adhesion, proliferation and differentiation on materials designed for body implants[END_REF]. They explained that ECM deposited on such surfaces is not able to resist the forces involved during cell focal point formation.

Indeed, specific interactions are not enough to described adhesive phenomena entirely and physico-chemical properties have to be added to the equation. Hence, the internal organization of cells is remodelled throughout their life and is strongly influenced by the surrounding medium not only via chemical stimulation but also by mechanosensing, until a morphological equilibrium is reached [START_REF] Bao | Cell and molecular mechanics of biological materials[END_REF][START_REF] Cockerill | Mechanosensitivity of the IInd kind: tGFb mechanism of cell sensing the substrate stiffness[END_REF]. Thereby, the shape of cells, as well as their rigidity and motility depend on their support. For example, many cells have the ability to sense the stiffness, by applying a stress, of their external environment. These cells include brain, muscle, neurons and many other cell types [START_REF] Discher | Tissue cells feel and respond to the stiffness of their substrate[END_REF]. Cells probe the surface through myosin and actin filament cross-bridging and a stiffness control loop is set up: cytoskeleton and adhesion will adapt depending on the feedback. As a consequence, stiffer matrices lead to an increase in the elasticity of the cells, and can be measured by atomic force microscopy (AFM) [START_REF] Li | AFM indentation study of breast cancer cells[END_REF] or, more gently, by indentation with optical tweezers [START_REF] Yousafzai | Substrate-dependent cell elasticity measured by optical tweezers indentation[END_REF]. However, rigidity scanning of the cell substrate is a time-consuming process, taking from minutes to hours [START_REF] Bao | Cell and molecular mechanics of biological materials[END_REF], thus viscosity can be considered, in the case of a gel for example. Sometimes, cross-linking can improve cell activity on a gel [START_REF] Haugh | Crosslinking and mechanical properties significantly influence cell attachment, proliferation, and migration within collagen glycosaminoglycan scaffolds[END_REF]. In addition, mechanosensing can be an initiator of cell displacement on surfaces (mechanotaxis, discovered by Lo et al. [START_REF] Lo | Cell movement is guided by the rigidity of the substrate[END_REF]), from the soft to the stiff [START_REF] Kidoaki | Microelastic gradient gelatinous gels to induce cellular mechanotaxis[END_REF] and motility were shown to be linked to focal contacts and thus indirectly to cellular adhesion [START_REF] Liu | NBT-II cell locomotion is modulated by restricting the size of focal contacts and is improved through EGF and ROCK signaling[END_REF][START_REF] Russel | Cell locomotion and focal adhesions are regulated by substrate flexibility[END_REF].

Moreover, depending on their type, cells will not behave in the same way depending on the elasticity of the biomaterial. For instance, on soft matrices, fibroblasts adhere in a labile way whereas on stiffer materials they make stable focal points (adhesion) and rigidify their cytoskeletons. Consequently, the motility of fibroblasts on stiff materials is reduced [START_REF] Kidoaki | Microelastic gradient gelatinous gels to induce cellular mechanotaxis[END_REF]. The mobility of the chains that constitute the brushes could also lead to superficial mechanical instability and thus to lower adhesion [START_REF] Bacakova | Adhesion and growth of vascular smooth muscle cells in cultures on bioactive RGD peptide-carrying polylactides[END_REF].

Despite the adhesion of cells, the biomaterial can also disturb cell activity. A perturbation in the exocytosis response of cells is revelatory of this perturbation in ways that can, for instance, be measured by histological studies or carbon-fibre microelectrode amperometry (CFMA), as observed by Reed et al. [START_REF] Reed | Effect of polymer deposition method on thermoresponsive polymer films and resulting cellular behavior[END_REF]. In this study, the introduction of PNIPAM (through plasma deposition or spin coating) on surfaces have shown to slow down the cell exchange between vesicles and extracellular space. Additionally, spin-coated PNIPAM were shown to hyper-activate the exocytosis activity of cells, whereas plasma deposited PNIPAM only affected kinetics. If this hyper-activation by the surface can present harmful effects, some studies seek for accelerating tissue regeneration by modifying the surface, such as observed by the introduction of free amino group on PLLA surfaces [START_REF] Zhu | Immobilization of biomacromolecules onto aminolyzed poly(L-lactic acid) toward acceleration of endothelium regeneration[END_REF]. The surface architecture is also a key point. 3D architectures are commonly modulated in the field of tissue engineering, as they reproduce a more realistic natural biological environment. A nice review of this topic was published by Abbott and Kaplan in 2015 [START_REF] Abbott | Strategies for improving the physiological relevance of human engineered tissues[END_REF].

In conclusion, the surface hydrophilicity (presence of functional groups), the surface structure and stiffness are characteristics that must be considered for efficient bioadhesion. However, in the Fig. 3. Two different strategies of polymer grafting (example of PNIPAM): the surface initiated polymerization of a monomer ("grafting from") or the grafting of the polymer ("grafting to") on a surface to obtain a brush structure.

present review, we only consider surface modification that does not involve any bulk modification, in particular in term of biomaterial stiffness, and the effect of brush structures on mechanical surface properties will not be discussed. Below, we focus on a key step, i.e. the choice of surface modification method used to obtain brush structures on material surfaces that enable good control of the surface state and properties.

Surface modification

Brush structure

As discussed above, the control of biomaterial surfaces is a challenge for scientists involved in the development of medical devices. Brush structures in particular are interesting in terms of protein penetration and calibration studies [START_REF] Xue | Protein adsorption modes determine reversible cell attachment on poly(N-isopropyl acrylamide) brushes[END_REF]. Thanks to recent developments in chemistry, various techniques are available to graft or coat biomaterials with polymers. For biological applications, covalent grafting seems to be the best choice compared to physically grafted systems, due to risks of desorption with this latter method. Polymer brushes, which consist on a thin film of self-assembled polymers, are of interest [START_REF] Reed | Effect of polymer deposition method on thermoresponsive polymer films and resulting cellular behavior[END_REF][START_REF] Stuart | Emerging applications of stimuli-responsive polymer materials[END_REF]. Wettability, but also the variety of possible end-group functions, the substrate and the chemistry are the main points that make these systems attractive. The modularity of the polymer brush synthesis is illustrated by the broad range of systems that have been developed in recent years: uniformed, patterned, or gradient (in terms of density or chemical composition) brush layers have been prepared with one or several polymers [START_REF] Olivier | Surface-initiated controlled polymerization as a convenient method for designing functional polymer brushes: from self-assembled monolayers to patterned surfaces[END_REF][START_REF] Stuart | Emerging applications of stimuli-responsive polymer materials[END_REF].

Two different approaches can be considered, namely "grafting to" (i.e. to the surface) and "grafting from", as shown in Fig. 3 [START_REF] Stuart | Emerging applications of stimuli-responsive polymer materials[END_REF][START_REF] Ran | Atom transfer radical polymerization (ATRP): A versatile and forceful tool for functional membranes[END_REF].

The "grafting to" method consists in coupling an endfunctionalized polymer and a reactive surface. This approach yields well-defined grafted polymer. However, the deposited layers have low densities and their thickness is limited (100 nm [START_REF] Edmondson | Polymer brushes via surface-initiated polymerizations[END_REF]) due to the steric hindrance during grafting and diffusion processes [START_REF] Draper | Mixed polymer brushes by sequential polymer addition: anchoring layer effect[END_REF][START_REF] Zdyrko | Polymer brushes by the grafting to method[END_REF][START_REF] Iyer | Polystyrene layers grafted to macromolecular anchoring layer[END_REF][START_REF] Husseman | Controlled synthesis of polymer brushes by living free radical polymerization techniques[END_REF]. The "grafting from" method consists in polymerization directly from the surface. Several techniques are based on this process. Surface-initiated polymerization (SIP) based on radical chemistry is commonly used [START_REF] Edmondson | Polymer brushes via surface-initiated polymerizations[END_REF][START_REF] Husseman | Controlled synthesis of polymer brushes by living free radical polymerization techniques[END_REF][START_REF] Ayres | Stimuli-responsive surfaces using polyampholyte polymer brushes prepared via atom transfer radical polymerization[END_REF]. "Grafting from" techniques yield higher grafted layer densities and overcome thickness limitations. These advantages made this strategy the most widely adopted. However, the characterization of grafted chains is more difficult and, apart from model surfaces, still remains a great challenge.

Various techniques are commonly used for grafting polymers to surfaces, both for "grafting to" or "grafting from" strategies [START_REF] Edmondson | Polymer brushes via surface-initiated polymerizations[END_REF][START_REF] Mansfeld | Clickable initiators, monomers and polymers in controlled radical polymerizations -a prospective combination in polymer science[END_REF][START_REF] Liu | Modification of polymeric materials via surface-Initiated Controlled/Living radical polymerization[END_REF]. Among these techniques, the most used, i.e. ATRP and RAFT, will be developed in the next sections.

Grafting techniques

Atom transfer radical polymerization (ATRP)

As is generally the case in controlled radical polymerization, ATRP chemistry relies on the equilibrium between active and dormant chains [START_REF] Ran | Atom transfer radical polymerization (ATRP): A versatile and forceful tool for functional membranes[END_REF][START_REF] Edmondson | Polymer brushes via surface-initiated polymerizations[END_REF][START_REF] Król | Recent advances in ATRP methods in relation to the synthesis of copolymer coating materials[END_REF][START_REF] Hsiao | AGET and SARA ATRP of styrene and methyl methacrylate mediated by pyridyl-imine based copper complexes[END_REF]. The mechanism is illustrated in Fig. 4. Surface initiated ATRP (SI-ATRP) is a "grafting from" technique that consists in immobilizing a halogenated initiator on the surface, followed by ATRP. The main advantages of the ATRP are the close control of film thickness and chain length with low polydispersity [START_REF] Edmondson | Polymer brushes via surface-initiated polymerizations[END_REF]. It is also possible to control thickness and graft density separately, by modulating the reaction time and stoichiometric ratio, respectively [START_REF] Singh | The role of independently variable grafting density and layer thickness of polymer nanolayers on peptide adsorption and cell adhesion[END_REF][START_REF] Feng | Non-biofouling materials prepared by atom transfer radical polymerization grafting of 2-methacryloloxyethyl phosphorylcholine: separate effects of graft density and chain length on protein repulsion[END_REF]. In addition, ATRP is known to be versatile and easy to perform (mild conditions) [START_REF] Husseman | Controlled synthesis of polymer brushes by living free radical polymerization techniques[END_REF][START_REF] Feng | Non-biofouling materials prepared by atom transfer radical polymerization grafting of 2-methacryloloxyethyl phosphorylcholine: separate effects of graft density and chain length on protein repulsion[END_REF][START_REF] Pyun | Synthesis of polymer brushes using atom transfer radical polymerization[END_REF]. While high temperatures make the reaction time shorter, some studies also show a slight reduction of the polydispersity [START_REF] Qin | A highly efficient iron-mediated AGET ATRP of methyl methacrylate using Fe(0) powder as the reducing agent[END_REF]. Nevertheless, the need of metal catalysts is a limitation for biomedical applications. Basically, the metal is oxidized/reduced, and thus generates or absorbs a radical, leading to the activation/deactivation of polymer chains, respectively as shown in Fig. 4. At the present time, due to its high catalytic activity copper is used most [START_REF] Gong | Surface modification of active metals through atom transfer radical polymerization grafting of acrylics[END_REF][START_REF] Hou | Novel ionic liquids as reaction medium for ATRP of acrylonitrile in the absence of any ligand[END_REF]. Iron catalyzed-ATRP can be performed using low amounts of catalyst, reducing the toxicological risks as iron is considered less toxic and more environmentally friendly than copper [START_REF] Wang | ATRP of MMA with ppm levels of iron catalyst[END_REF][START_REF] Cao | Facile iron-mediated dispersant-free suspension polymerization of methyl methacrylate via reverse ATRP in water[END_REF][START_REF] Zhang | Fe(III)-catalyzed AGET ATRP of styrene using triphenyl phosphine as ligand[END_REF]. Iron is also the most abundant metal on earth making it relatively cheap; these characteristics have initiated a lot of research and interest in Fe catalyzed organic chemistry, including ATRP, in line with the perspectives of "green chemistry" [START_REF] Bolm | Iron-catalyzed reactions in organic synthesis[END_REF][START_REF] Poli | Iron-mediated reversible deactivation controlled radical polymerization[END_REF]. The choice of the ligand is a complex question; it depends on the nature of the polymer and the catalyst used [START_REF] Nakanishi | Well-defined iron complexes as efficient catalysts for green atom-transfer radical polymerization of styrene, methyl methacrylate, and butyl acrylate with low catalyst loadings and catalyst recycling[END_REF]: for example, pentamethyldiethylenetriamine (PMDETA) can be used in combination with Cu [START_REF] Klein Gunnewiek | Controlled surface initiated polymerization of N-isopropylacrylamide from polycaprolactone substrates for regulating cell attachment and detachment[END_REF], and tris(3,6-dioxaheptyl) amine (TDA) with Fe [START_REF] Liu | Bifunctional nanoparticles with fluorescence and magnetism via surface-initiated AGET ATRP mediated by an iron catalyst[END_REF]. Furthermore, the activators regenerated by electron transfer (ARGET) ATRP, developed by Matyjaszewski et al. diminish the amount of catalyst needed (< 50 ppm) [START_REF] Matyjaszewski | Diminishing catalyst concentration in atom transfer radical polymerization with reducing agents[END_REF][START_REF] Jakubowski | Activator generated by electron transfer for atom transfer radical polymerization[END_REF]. This advanced ATRP, derived from the AGET-ATRP (for activators generated by electron transfer ATRP) involving a reducing agent to initiate the reaction, consists in using an excess of reducing agent (e.g. environmentally friendly ascorbic acid [START_REF] Min | Use of ascorbic acid as reducing agent for synthesis of well-defined polymers by ARGET ATRP[END_REF]). This initiator does not only generate but also maintains a sufficient amount of Cu(I) (in the case of copper catalyzed ATRP) without the use of a radical organic compound which could lead to side reactions, cross-linking or the formation of new chains [START_REF] Król | Recent advances in ATRP methods in relation to the synthesis of copolymer coating materials[END_REF]. Another advantage of ARGET-ATRP is that the oxidized catalyst, e.g. Cu(II) or Fe(III), can be used directly without the need for early-stage reduction and careful handling. Finally, this technique increases the air tolerance and can avoid the need of a controlled atmosphere [START_REF] Bhut | Preparation of high-performance membrane adsorbers by surface-initiated AGET ATRP in the presence of dissolved oxygen and low catalyst concentration[END_REF][START_REF] Shivapooja | ARGET-ATRP synthesis and characterization of PNIPAAm brushes for quantitative cell detachment studies[END_REF]. Ascorbic acid (also called vitamin C) is preferable to classic Sn reducing agents due to its non-toxicity towards human beings and the environment. However, ascorbic acid presents the disadvantage of being a strong reducing agent, so its use in water can lead to an extensive conversion of Cu(II) to Cu(I) and can diminish the control of ATRP. One solution would be to use a less efficient solvent, such as anisole, to decrease the reducing activity of the ascorbic acid [START_REF] Min | Use of ascorbic acid as reducing agent for synthesis of well-defined polymers by ARGET ATRP[END_REF][START_REF] Shivapooja | ARGET-ATRP synthesis and characterization of PNIPAAm brushes for quantitative cell detachment studies[END_REF].

Initiators for continuous activator regeneration (ICAR) ATRP use the addition of a free radical initiator such as azobisisobutyronitrile (AIBN) to (re)generate the active metal [START_REF] Wang | ATRP of MMA with ppm levels of iron catalyst[END_REF][START_REF] Matyjaszewski | Diminishing catalyst concentration in atom transfer radical polymerization with reducing agents[END_REF].

In supplemental activator and reducing agent (SARA) ATRP the reducing agent is M(0), e.g. Cu(0) for a copper catalyzed ATRP [START_REF] Poli | Iron-mediated reversible deactivation controlled radical polymerization[END_REF][START_REF] Zhang | Copper-Mediated CRP of methyl acrylate in the presence of metallic copper: effect of ligand structure on reaction kinetics[END_REF]. Using iron powder, the polymerization can be catalyzed by Fe(0) [START_REF] Qin | A highly efficient iron-mediated AGET ATRP of methyl methacrylate using Fe(0) powder as the reducing agent[END_REF], with or without the use of Fe(III) salts but in this latter case a less controlled polymerization over time can occur [START_REF] Wang | ATRP of MMA with ppm levels of iron catalyst[END_REF].

Many ATRP elaborations are involved for surface modification, nonetheless we would like to mention biomedical uses of this chemical route: biofouling surfaces or membranes [START_REF] Worthley | Surface modification of commercial cellulose acetate membranes using surface-initiated polymerization of 2-hydroxyethyl methacrylate to improve membrane surface biofouling resistance[END_REF], double responsive cellulose membranes [START_REF] Qiu | Fabrication of dual-responsive cellulose-based membrane via simplified surface-initiated ATRP[END_REF][START_REF] Pan | Double stimuli-responsive membranes grafted with block copolymer by ATRP method[END_REF], cell attachment/detachment (through PNIPAM grafting) [START_REF] Klein Gunnewiek | Controlled surface initiated polymerization of N-isopropylacrylamide from polycaprolactone substrates for regulating cell attachment and detachment[END_REF][START_REF] Zhang | Surface chemical immobilization of parylene C with thermosensitive block copolymer brushes based on N-isopropylacrylamide and N-tert-butylacrylamide: synthesis, characterization, and cell adhesion/detachment[END_REF]. To perform a "grafting from", the idea is to chemically graft the initiator on the surface so the growth will be directly initiated on the material. This step is facilitated by the fact that ATRP initiators are acyl bromides. A self-assembled monolayer (SAM) is generally also grafted before the initiator. ATRP can be achieved in combination with plasma treatments to help initiator immobilization [START_REF] Zhen | Surface modification of thermoplastic poly(vinyl alcohol)/saponite nanocomposites via surface-initiated atom transfer radical polymerization enhanced by air dielectric discharges barrier plasma treatment[END_REF]. A few examples of SI-ATRP are given in Table 1.

ATRP commonly exhibits a pseudo-first-order kinetics, at least below high rates of conversion. The direct characterization of grafted polymer through the "grafting from" method is difficult. Generally, a sacrificial initiator is used, assuming that the polymer growth is similar on the surface and in the medium [START_REF] Husseman | Controlled synthesis of polymer brushes by living free radical polymerization techniques[END_REF][START_REF] Ayres | Stimuli-responsive surfaces using polyampholyte polymer brushes prepared via atom transfer radical polymerization[END_REF][START_REF] Feng | Non-biofouling materials prepared by atom transfer radical polymerization grafting of 2-methacryloloxyethyl phosphorylcholine: separate effects of graft density and chain length on protein repulsion[END_REF][START_REF] Pyun | Synthesis of polymer brushes using atom transfer radical polymerization[END_REF][START_REF] Chen | Characterization of patterned poly(methyl methacrylate) brushes under various structures upon solvent immersion[END_REF][START_REF] Liu | Synthesis of high-density grafted polymer layers with thickness and grafting density gradients[END_REF][START_REF] Eichhorn | Review: current international research into cellulose nanofibres and nanocomposites[END_REF][START_REF] Lindqvist | Surface modification of natural substrates by atom transfer radical polymerization[END_REF]. Another method is to use reversible or breakable surface bonds in order to detach and study the grafted polymer [START_REF] Kang | Molecular-weight determination of polymer brushes generated by SI-ATRP on flat surfaces[END_REF]. A more detailed discussion on brush characterization is given in Section 3.3.

Reversible addition-fragmentation chain transfer (RAFT) radical polymerization

Similarly to ATRP, RAFT polymerization is a living polymerization based on the equilibrium between active (i.e. bearing radicals) and dormant chains, and also shows pseudo-first-order kinetics. Initiation is performed in traditional ways, e.g. using thermal initiators such as azobisisobutyronitrile (AIBN) or 4,4 -azobis(4cyanovaleric acid), which has the advantage of being carboxylic acid end-functionalized. A chain transfer agent (CTA) (also called RAFT agent) ensures this equilibrium during the propagation steps, as shown in Fig. 5 [START_REF] Barsbay | A short review of radiation-induced raft-mediated graft copolymerization: a powerful combination for modifying the surface properties of polymers in a controlled manner[END_REF][START_REF] Barner-Kowollik | RAFTing down under: tales of missing radicals, fancy architectures, and mysterious holes[END_REF]. The reduction of active chain concentration results in a narrow distribution of the chain length, with a polydispersity index (PDI), for PNIPAM, able to reach values around 1.20, but PDI below 1.10 can be obtained in optimal conditions [START_REF] Kusolkamabot | Poly(N -isopropylacrylamide)-Stabilized gold nanoparticles in combination with tricationic branched phenylene-Ethynylene fluorophore for protein identification[END_REF][START_REF] Takahashi | Controlled chain length and graft density of thermoresponsive polymer brushes for optimizing cell sheet harvest[END_REF][START_REF] Bigot | Synthesis of thermoresponsive phenyl-and naphthyl-terminated poly(NIPAM) derivatives using RAFT and their complexation with cyclobis(paraquat-p-phenylene) derivatives in water[END_REF]. Additionally, RAFT polymerization can be achieved with a broad range of temperatures, from room temperature to 140 • C [START_REF]Handbook of RAFT Polymerization[END_REF]. A higher temperature allows a shorter reaction time; lower polydispersities can sometimes be expected.

One of the main advantages of RAFT polymerization compared to ATRP is that it is a metal-free chemical route. In contrast, it can require the synthesis of the RAFT agent. In modern RAFT polymerization, this agent classically contains a thiocarbonylthio moiety, as for the commonly used trithio-carbonate and dithio-carboxylate type. As the RAFT polymerization process relies on the kinetics of addition and fragmentation of this agent, the choice of its substitute, classically called Z and R, is crucial. Z is dedicated to the activation of the double bond by stabilizing the adduct radical, R is a leaving group. A complete discussion about the choice of the RAFT agent is available in the literature [START_REF]Handbook of RAFT Polymerization[END_REF]. The surface initiated RAFT (SI-RAFT) polymerization of PNIPAM can allow to obtain polydispersities below 1.3 [START_REF] Audouin | Surface-initiated RAFT polymerization of NIPAM from monolithic macroporous polyHIPE[END_REF]. Thanks to the sulfuryl groups of the CTA, elemental analysis can, in some cases, be used to determine the quantity of grafted RAFT agent. The theoretical molecular mass of the polymer, M n th , can be estimated through the following equation:

M n th = [Mono] 0 [CTA] 0 × M Mono × conv. + M CTA
where M Mono corresponds to the molecular weight of the monomer, [Mono] 0 to its initial concentration, conv. is the conversion rate of the monomer, M CTA is the molecular weight of the CTA and [CTA] 0 its initial concentration [START_REF] Bigot | Synthesis of thermoresponsive phenyl-and naphthyl-terminated poly(NIPAM) derivatives using RAFT and their complexation with cyclobis(paraquat-p-phenylene) derivatives in water[END_REF][START_REF] Audouin | Surface-initiated RAFT polymerization of NIPAM from monolithic macroporous polyHIPE[END_REF].

In order to perform SI-RAFT polymerization, the initiator [90] or the CTA [START_REF] Audouin | Surface-initiated RAFT polymerization of NIPAM from monolithic macroporous polyHIPE[END_REF] have to be previously grafted to the surface. In the first case the homolytic cleavage of the initiator will lead to growth either on the surface or in the medium, both with the free CTA. In the case of CTA grafted surfaces, the initiator and another amount of the RAFT agent are introduced to permit the polymerization of free chains and their characterization. Few examples of SI-RAFT polymerization are given Table 1.

Characterization of brushes

Characterization of the "grafted from" polymer brush is a challenging task. In specific cases, the grafted chains can be removed from their substrate [START_REF] Kang | Molecular-weight determination of polymer brushes generated by SI-ATRP on flat surfaces[END_REF]. In other cases, free chains are generally produced (see Sections 3.2.1 and 3.2.2). If free polymer is generated, the molecular weight can be easily determined by size-exclusion chromatography (SEC) or viscosimetry. From optical waveguide lightmode spectroscopy (OWLS) the mass of a deposited polymer can also be obtained [START_REF] Pei | The role of plasma proteins in cell adhesion to PEG surface-density-gradient-modified titanium oxide[END_REF]. Moreover, the morphology, graft density and thickness have to be determined directly on the surface. AFM is a powerful tool to study morphology [START_REF] Wang | Length scale heterogeneity in lateral gradients of poly(N-isopropylacrylamide) polymer brushes prepared by surface-initiated atom transfer radical polymerization coupled with in-plane electrochemical potential gradients[END_REF][START_REF] Sui | Characterization and molecular engineering of surface-grafted polymer brushes across the length scales by atomic force microscopy[END_REF] (Fig. 6). For example, in the case of PNIPAM, a change in conformation accompanying a change in temperature can be observed by AFM [START_REF] Wang | Length scale heterogeneity in lateral gradients of poly(N-isopropylacrylamide) polymer brushes prepared by surface-initiated atom transfer radical polymerization coupled with in-plane electrochemical potential gradients[END_REF].

Surface plasmon resonance (SPR) gives the wet thickness of the layer, i.e. its thickness in a liquid environment, taking into account swelling phenomena. The dry thickness, i.e. in the absence of water, of the grafted layer can be measured by ellipsometry [START_REF] Wang | Length scale heterogeneity in lateral gradients of poly(N-isopropylacrylamide) polymer brushes prepared by surface-initiated atom transfer radical polymerization coupled with in-plane electrochemical potential gradients[END_REF]. AFM can also be used to determine the dry thickness, but systematic errors were reported due to AFM tips being attracted by the PNIPAM layer [START_REF] Plunkett | PNIPAM chain collapse depends on the molecular weight and grafting density[END_REF]. PNIPAM grafting density can be deduced from the dry thickness value, through the following equation:

= hN A M n
with the graft density, h the dry thickness, N A Avogadro's number and M n the molecular weight. The density of dry PNIPAM, , is sometimes arbitrarily taken equal to 0.95 g/cm 3 by certain authors [START_REF] Brouette | Protein adsorption properties of OEG monolayers and dense PNIPAM brushes probed by neutron reflectivity[END_REF], but the actual density can be measured by U-tube oscillation [START_REF] Iwata | Control of nanobiointerfaces generated from well-defined biomimetic polymer brushes for protein and cell manipulations[END_REF] or by X-ray reflectometry [START_REF] Yasaka | X-ray thin-film measurement techniques, V. X-Ray reflectivity meas[END_REF]. Fourier transform infrared (FTIR) spectroscopy can also be used, in some cases, to determine the graft density, as reported by Mizutani et al. [START_REF] Mizutani | Preparation of thermoresponsive polymer brush surfaces and their interaction with cells[END_REF]. Chemical analysis can be performed through classic surface analysis: X-ray photoelectron spectrometry (XPS), attenuated total reflection FTIR spectroscopy (ATR-FTIR), Raman spectroscopy. For nanolayer studies, XPS is preferable to ATR-FTIR spectroscopy due to its lower penetration depth (a few nm for XPS against up to 1 m for ATR-FTIR spectroscopy) [START_REF] Ma | Surface modification and property analysis of biomedical polymers used for tissue engineering[END_REF]. Secondary ion mass spectroscopy (SIMS) techniques can be even more surface localized. In this technique, the surface is etched by an ion beam and sputtered material is collected by a detector. Elements and chemical structure can be determined.

Quartz microbalance (QCM) is an interesting tool for the evaluation of the amount of a deposited layer. The determination of the quantity of proteins adsorbed on a biomaterial surface can be obtained by measuring, in situ, the frequency shift of the quartz Fig. 6. Relationship of PNIPAM film morphology to local grafting density as tracked through the initiator density. The grafting density increases, from a discontinuous mushroom structure (left, low grafting density), to a heterogeneous patchy structure (middle, intermediate grafting density). At high grafting density (right), a smoother, presumably more extended, structure is obtained. Reprinted from Ref. [START_REF] Hufendiek | Temperature responsive cellulose-graft-copolymers via cellulose functionalization in an ionic liquid and RAFT polymerization[END_REF]. Copyright (2006), American Chemical Society. [START_REF] Andersson | Binding of C3 fragments on top of adsorbed plasma proteins during complement activation on a model biomaterial surface[END_REF]. Quartz microbalance with dissipation monitoring (QCM-D) is useful to obtain the swelling behavior of polymer brushes [START_REF] Zhuang | Temperature dependence of the surface and volume hydrophilicity of hydrophilic polymer brushes[END_REF].

Finally, carbon fibre microelectrode amperometry (CMFA) can give information about biochemical exocytosis of cells (kinetics and amount of release) and thus evaluate how the substrate impacts the excretion activity of cells [START_REF] Reed | Effect of polymer deposition method on thermoresponsive polymer films and resulting cellular behavior[END_REF].

Most of these techniques are not applicable to "brush grafted on polymer" systems due to the relatively high roughness of this type of surface, which explains the lack of reliable brush characterization techniques in the literature.

Smart bio-surfaces: example of poly(N-isopropylacrylamide) thermosensitive surfaces

Poly(N-isopropylacrylamide) is a thermo-responsive polymer. Its structure is shown in Fig. 3. Indeed, PNIPAM changes its water affinity according to the temperature of the surrounding medium, turning from hydrophilic to hydrophobic. This change occurs at around 32 • C, whose temperature is called the lower critical solution temperature (LCST), and leads to a change in its conformation. Above this temperature, PNIPAM collapses in solution. This coil to globule transition is endothermic and is related to water/polymer and polymer inter and intra-molecule hydrogen bonding. In other words, below the LCST PNIPAM is bound to water through amide/water (C O• • •H O) hydrogen bonding. As the temperature increases above LCST, the polymer becomes dehydrated and amide/amine (C O• • •H N) hydrogen bonding appears [START_REF] Maeda | Changes in the hydration states of Poly(Nn -propylmethacrylamide) and Poly(N -isopropylmethacrylamide) during their phase transitions in water observed by FTIR spectroscopy[END_REF][START_REF] Umapathi | The biological stimuli for governing the phase transition temperature of the smart polymer PNIPAM in water[END_REF]. In the case of surfaces grafted with PNIPAM, it means that a "brush" system can be turned into a "mushroom" conformation above the LCST. The LCST of PNIPAM was reported to depend on the chain length and the grafting density while remaining between room and physiological temperature making this polymer interesting for various biomedical applications [START_REF] Plunkett | PNIPAM chain collapse depends on the molecular weight and grafting density[END_REF]. Additionally, the use of PNIPAM in a copolymer system [START_REF] Qu | Preparation and characterization of thermo-responsive amphiphilic triblock copolymer and its self-assembled micelle for controlled drug release[END_REF], as well as the presence of salts can strongly influence this LCST [START_REF] Liu | Insight into the amplification by methylated urea of the anion specificity of macromolecules[END_REF][START_REF] Kumar | The effect of sodium cholate aggregates on thermoreversible gelation of PNIPAM[END_REF]. Cl -and CH 3 COO - have a particularly strong influence as predicted by the Holfmeister series. Moreover, ion concentrations are generally low (below 0.15 M) in both culture media and body fluids, its influence thus has to be relativized. It is noteworthy to mention that proteins, if concentrated, can also affect the LCST of PNIPAM from a decrease of 2.6 • C to an increase of 1.5 • C, depending on the protein involved [START_REF] Umapathi | The biological stimuli for governing the phase transition temperature of the smart polymer PNIPAM in water[END_REF].

Surface interactions can be modulated by the temperature of the PNIPAM. This variation of the interactions is clearly observed by AFM measurements [START_REF] Plunkett | PNIPAM chain collapse depends on the molecular weight and grafting density[END_REF][START_REF] Jones | Variable adhesion of micropatterned thermoresponsive polymer brushes: AFM investigations of poly(N-isopropylacrylamide) brushes prepared by surface-initiated polymerizations[END_REF]. Bovine serum albumin (BSA) bound to AFM tips was used to study the variation of protein/PNIPAM surface interactions. It appeared that interactions are temperature dependent, with a protein adsorption phenomenon occurring above LCST [START_REF] Cho | Thermally responsive poly(N-isopropylacrylamide) monolayer on gold: synthesis, surface characterization, and protein interaction/adsorption studies[END_REF]. This phenomenon was also observed using a QCM. The mechanism is related to PNIPAM hydration but is not well understood at the present time. Various studies were performed to evaluate the ability of PNIPAM to trigger cell attachment. In addition to their slight control of LCST, it appears that the grafting density and the chain length also play an important role on bioadhesion. Thus, the material seems to be resistant to the adsorption of either proteins or cells when chain density and chain length are both high [START_REF] Xue | Protein adsorption on poly(N-isopropylacrylamide) brushes: dependence on grafting density and chain collapse[END_REF]. This is explained by the difficulty for proteins to enter the PNIPAM layer due to steric hindrance when chain grafting is dense. Halperin et al. proposed a theoretical approach of mechanisms for harvesting cells cultured on thermoresponsive PNIPAM polymer brushes [START_REF] Halperin | Theoretical considerations on mechanisms of harvesting cells cultured on thermoresponsive polymer brushes[END_REF].

First, two interaction modes have to be examined when we consider particles (e.g. proteins) and a brush structure. The compressive mode, where the brushes are compressed by a particle, occurs when its size is greater than the space available between chains, taking into account the ability of chains to rearrange themselves around the particle. This is typically the case for cells. The other mode, the insertive mode, occurs for small particles, e.g. extra cellular proteins such as fibronectin. Here, we see the importance of the grafting density: high density limits protein insertion. Then, the depth of the inserted protein can also vary, forming three modes: primary, secondary and ternary adsorption (Fig. 7). High affinity between ECM proteins and substrate promotes primary adsorption, whereas a high grafting density tends to suppress primary and maybe ternary adsorption [START_REF] Xue | Protein adsorption on poly(N-isopropylacrylamide) brushes: dependence on grafting density and chain collapse[END_REF][START_REF] Halperin | Theoretical considerations on mechanisms of harvesting cells cultured on thermoresponsive polymer brushes[END_REF]. Primary and ternary adsorption favor bioadhesion, whereas a theoretical model predicts that secondary adsorption preferably occurs for large cylindrical proteins [START_REF] Xue | Protein adsorption modes determine reversible cell attachment on poly(N-isopropyl acrylamide) brushes[END_REF][START_REF] Halperin | Polymer brushes that resist adsorption of model proteins: design parameters[END_REF]. Nonetheless, if ternary adsorption mediated bioadhesion was shown to be possible, its effect on protein denaturation is still to be demonstrated [START_REF] Halperin | Theoretical considerations on mechanisms of harvesting cells cultured on thermoresponsive polymer brushes[END_REF]. Finally, a thin layer (i.e. low molecular weight) facilitates primary and ternary adsorbed proteins/cells interactions, leading to an increase of cell adhesion. In addition, protein adsorption is also concentration dependent and, at high concentrations, the adsorption rate below and above LCST can become close [START_REF] Cheng | Temperature dependent activity and structure of adsorbed proteins on plasma polymerized N-isopropyl acrylamide[END_REF]. Then, the graft density was shown to influence the brush structure. A high graft density can cause phase separation [START_REF] Malham | Density effects on collapse, compression, and adhesion of thermoresponsive polymer brushes[END_REF], and more generally the density will modulate the protein adsorption rate within the brushes, as for BSA [START_REF] Xue | Protein adsorption modes determine reversible cell attachment on poly(N-isopropyl acrylamide) brushes[END_REF]. Malham et al. showed that chain rearrangements over time could slightly increase inter-chain adhesion and related this to -NH and C O hydrogen bonding [START_REF] Malham | Density effects on collapse, compression, and adhesion of thermoresponsive polymer brushes[END_REF]. It is obvious that inter-chain attractive interactions would play a role on protein inclusion.

Various cells adhere to heated PNIPAM surfaces and are released during cooling [START_REF] Canavan | Surface characterization of the extracellular matrix remaining after cell detachment from a thermoresponsive polymer[END_REF]. Typically, cell detachment is achieved at T = 20 • C [START_REF] Halperin | Theoretical considerations on mechanisms of harvesting cells cultured on thermoresponsive polymer brushes[END_REF]. This property allows cells to be seeded and gently detached them, without a need of trypsin: it is used in the field of cell sheet engineering [START_REF] Cooperstein | Biological cell detachment from poly(N-isopropyl acrylamide) and its applications[END_REF].

Mono or multilayer cell sheets are thus produced and used for tissue regeneration [START_REF] Yang | Cell sheet engineering: recreating tissues without biodegradable scaffolds[END_REF]. These biological layers demonstrate good integration in tissues. In vivo studies were performed to treat various diseases: cartilage degeneration [START_REF] Kaneshiro | Bioengineered chondrocyte sheets may be potentially useful for the treatment of partial thickness defects of articular cartilage[END_REF], damaged corneal tissues [START_REF] Ide | Structural characterization of bioengineered human corneal endothelial cell sheets fabricated on temperature-responsive culture dishes[END_REF] or cardiac tissues [START_REF] Shimizu | Fabrication of pulsatile cardiac tissue grafts using a novel 3-Dimensional cell sheet manipulation technique and temperature-responsive cell culture surfaces[END_REF]. Interestingly, it appeared that after cell lift-off, a layer of ECM remains attached to the surface. Research has tried to determine the composition of this remnant protein layer [START_REF] Canavan | Comparison of native extracellular matrix with adsorbed protein films using secondary ion mass spectrometry[END_REF] and it was shown that most of the fibronectin leaves the surface with the cells. Nonetheless, this remnant layer promotes new cell growth, showing its viability.

A lot of systems have already been developed using PNIPAM brush surfaces. PNIPAM brushes were successfully grafted through ATRP [START_REF] Klein Gunnewiek | Controlled surface initiated polymerization of N-isopropylacrylamide from polycaprolactone substrates for regulating cell attachment and detachment[END_REF][START_REF] Xu | Surface-active and stimuli-responsive polymer-Si(100) hybrids from surface-initiated atom transfer radical polymerization for control of cell adhesion[END_REF] and RAFT polymerization [START_REF] Takahashi | Controlled chain length and graft density of thermoresponsive polymer brushes for optimizing cell sheet harvest[END_REF][START_REF] Audouin | Surface-initiated RAFT polymerization of NIPAM from monolithic macroporous polyHIPE[END_REF]. By introducing reactive groups through plasma treatments, PNIPAM can be grafted via "grafting to" amide binding [START_REF] Sdrobis | Modification of cellulose/chitin mix fibers with N-isopropylacrylamide and poly(N-isopropylacrylamide) under cold plasma conditions[END_REF] or surface initiated ATRP [START_REF] Zhen | Surface modification of thermoplastic poly(vinyl alcohol)/saponite nanocomposites via surface-initiated atom transfer radical polymerization enhanced by air dielectric discharges barrier plasma treatment[END_REF]. ATRP produced Si-PNIPAM brush hybrids which were shown to be efficient in the thermo-triggered adhesion/de-adhesion of fibroblast cells [START_REF] Xu | Surface-active and stimuli-responsive polymer-Si(100) hybrids from surface-initiated atom transfer radical polymerization for control of cell adhesion[END_REF]. In this case the thicker the PNIPAM layer is, the more profitable the surface is for cell proliferation after 2 days. In all cases, no adhesion is observed for temperatures below LCST independently of the thickness (3 nm, 11 nm or 31 nm). It also appeared that the antifouling properties of the poly(ethylene glycol) monomethacrylate (PEGMA) in combination with PNIPAM increases the cell release abilities of PNIPAM. For bovine endothelial cells, a thickness of PNIPAM brush on tissue culture polystyrene around 15 nm showed optimal adhesion/de-adhesion properties [START_REF] Akiyama | Ultrathin Poly(N -isopropylacrylamide) grafted layer on polystyrene surfaces for cell adhesion/detachment control[END_REF]. They also reported no adhesion above 30 nm, whereas Mitzutani et al. observed that endothelial cell adhesion on polystyrene ATRP grafted PNIPAM surfaces is suppressed for thickness greater than 60 nm [START_REF] Mizutani | Preparation of thermoresponsive polymer brush surfaces and their interaction with cells[END_REF]. Moreover, the best adhesion was obtained for thinner PNIPAM layers (1.8 nm). Takahashi et al. developed surfaceinitiated RAFT polymerization brushes on glass coverslips and studied both graft density and molecular weight of PNIPAM on reversible bioadhesion [START_REF] Takahashi | Controlled chain length and graft density of thermoresponsive polymer brushes for optimizing cell sheet harvest[END_REF]. The study showed that the amount of cells also increased on lowering the graft density. In addition, better bioadhesion is observed for shorter brushes but de-adhesion needs a thick enough layer. The explanation is related to the necessity to push cells from the surface, as the PNIPAM brushes become extended on reducing the temperature. This can be the general conclusion, if possible, of thickness considerations: a balance between the ability for cells to attach (thin brush layer) and detach (thick brush layer) as to be found. Consequently, a thick PNIPAM layer can be useful to produce protein resistant surfaces.

Zhao et al. studied the anti-fouling properties of PNIPAM grafted polyurethane surfaces against fibrinogen and human serum albumin (HAS) proteins at 37 • C [START_REF] Zhao | Inhibition of protein adsorption and cell adhesion on PNIPAAm-grafted polyurethane surface: effect of graft molecular weight, Colloids Surf[END_REF]. It appeared that the thermosensitivity of the hydrophilicity was not significant on low PNIPAM thickness, and that the protein adsorption strongly decreased as this thickness increased. This effect can be due to higher hydrophilicity of thicker layers. As a consequence, cells do not adhere to thick brushes and thus anti-adhesion surfaces can be produced by the use of PNIPAM. Yu et al. showed thickness dependent thermo-sensitivity of PNIPAM grafted Si (surface initiated ATRP) surfaces and managed to produce HSA repellent, even with thin PNIPAM layers (< 15 nm) [START_REF] Yu | Protein adsorption on poly(N-isopropylacrylamide)-modified silicon surfaces: effects of grafted layer thickness and protein size[END_REF]. The variation of contact angle and HSA adsorption between 27 and 37 • C is not so notable at low PNIPAM thickness. However, greater temperature sensitivity was observed at higher graft thickness both on contact angle and HSA protein adsorption. More interestingly, at 37 • C HSA adsorption is not linearly dependent with PNIPAM thickness and, as the thickness increases, a decrease of sensitivity follows. This observation was attributed to possible adsorption on the Si-initiator surface at low graft thickness. As contact angle showed hydrophobic surfaces (higher than traditional anti-fouling polymer), the authors deduced that the anti-fouling properties of low PNIPAM thickness were not due to the hydrophilicity of the PNIPAM surface, but to the interactions between PNIPAM and the substrate. Indeed, short PNIPAM brush end chains can also interact with the substrate and reduce the freedom of conformation changes, reducing the temperature effect [START_REF] Yu | Protein adsorption on poly(N-isopropylacrylamide)-modified silicon surfaces: effects of grafted layer thickness and protein size[END_REF]. This study also showed the importance of the protein size on adsorption. Indeed, the size of the protein molecule is of importance as the penetration will be dependent on steric hindrance phenomena. In addition, it can be noted that the three proteins studied, HSA, fibrinogen protein and lysozyme also have different charge characteristics. The smallest protein, the lysozymes, adsorbed whether or not the PNIPAM was in collapsed or extended regime. An explanation can be the ability of this small protein to pass through the PNIPAM brushes and then to interact with the substrate (primary adsorption). As the protein size increased, the proteins were no longer able to efficiently go through PNIPAM chains below the LCST (extended regime), but are able, above the LCST, to interact with the outermost region of PNIPAM when hydrophobic and maybe with the substrate (collapsed regime).

Comparing these two last results, it appears that in the case of polyurethane substrate the hydrophilicity tends to increase with the thickness, leading to a decrease of protein adsorption [START_REF] Zhao | Inhibition of protein adsorption and cell adhesion on PNIPAAm-grafted polyurethane surface: effect of graft molecular weight, Colloids Surf[END_REF], whereas the Si substrate graft led to an increase of protein adsorption, as the hydrophobicity increased [START_REF] Yu | Protein adsorption on poly(N-isopropylacrylamide)-modified silicon surfaces: effects of grafted layer thickness and protein size[END_REF]. Thus, we see the importance of the substrate, and the resulting surface properties will depend on the ability of its substrate to allow primary binding and on the hydrophilicity/hydrophobicity balance of the resulting surface. In fact, adsorption of HSA was of the same order of magnitude whatever the substrate, for thicker PNIPAM layers, the latter having also the same hydrophilicity.

Nanostructured or patterned surfaces were also investigated. Silicon nanowires were thus used as a substrate for SI-ATRP [START_REF] Chen | Antiplatelet and thermally responsive poly(N-isopropylacrylamide) surface with nanoscale topography[END_REF]. The addition of PNIPAM strongly reduced platelet activation and adhesion, both above and below the LCST. As expected, the nanostructuration of PNIPAM surfaces (i.e. the increase of surface area) involves an exacerbation of the hydrophilic/hydrophobic surface state. In fact, Chen et al. highlighted that these nanostructures, which present a high aspect ratio, tend to trap water. This entrapped water led to a reduction of the platelet protein/surface interactions, whatever the coil or globule state of PNIPAM brushes. These results open new fields of application as platelet activation and adhesion can lead to blood coagulation and thrombosis. More recently, silicon nanopillars were shown to be able to reversibly attach/detach to/from breast cancer cells, through specific and selective interactions [START_REF] Liu | Hydrophobic interaction-mediated capture and release of cancer cells on thermoresponsive nanostructured surfaces[END_REF]. Compared to flat Si-PNIPAM surfaces, the introduction of nanopillar architecture widened the overall potential contact surface but limited the available space for interactions between cells and surfaces when adhered. As a result, the 3D architecture of these surfaces enhanced cell capture, but diminished the tendency of cells to spread, making release easier. Nanopatterned PNIPAM surfaces were also used to trap, kill and deliver bacteria [START_REF] Yu | Nanopatterned smart polymer surfaces for controlled attachment, killing, and release of bacteria[END_REF]. In this work, biocides were grafted between patterned SI-ATRP PNIPAM brushes. Additionally, nanopatterning is a potential solution to overcome thickness limitations: even thick brushes allows cells to attach, so the necessity to have thick enough brushes in order to detach cells can be more easily fulfilled [START_REF] Yu | Nanopatterned polymer brushes for triggered detachment of anchorage-dependent cells[END_REF]. Owing to the fact that thick PNIPAM brushes do not support cell attachment but become bioadhesive when nanopatterned, controlled spatialization of cell culture is possible [START_REF] Yu | Nanopatterned polymer brushes for triggered detachment of anchorage-dependent cells[END_REF].

In the field of body implants and surgical biomaterials, Chen et al. grafted ("grafting to") PNIPAM-COOH onto chitosan through an amide bond resulting in a comb-like polymer structure (branched PNIPAM on a chitosan backbone) which forms a gel [START_REF] Chen | Thermo-responsive chitosan-graft-poly(N-isopropylacrylamide) injectable hydrogel for cultivation of chondrocytes and meniscus cells[END_REF]. The surface functionalization was followed by a study of chondrocytes and meniscus cells bioadhesion. The thermosensitive behavior of PNI-PAM (brush to mushroom thermo triggered conformation change) was shown to provoke a phase transition, liquid to solid-like hydrogel. The gelification would occur inside the body after injection. Fibronectin adsorption was observed by fluorescence using rhodamine labelled fibronectin. Polypropylene-g-chitosan-g-PNIPAM was performed through a "grafting to" process with a view to easily stripping off of the skin wound dressing [START_REF] Chen | Thermo-responsive wound dressings by grafting chitosan and poly(N-isopropylacrylamide) to plasma-induced graft polymerization modified non-woven fabrics[END_REF]. Non-toxicity and temperature-responsiveness behavior were fulfilled.

While brushes do present some interesting properties, other non-brush systems have been used to develop the same kind of functionalities. Ignacio et al. made a wound dressing using UV grafted PNIPAM polyurethane membranes [START_REF] Ignacio | In vivo tests of a novel wound dressing based on biomaterials with tissue adhesion controlled through external stimuli[END_REF]. New subcutaneous connective tissue grew but no toxicity was observed. The detachment on mice skin wounds was triggered by the reduction of temperature below the LCST. We can also mention the easy removal of retinal implants achieved with PNIPAM surfaces [START_REF] Tunc | Reversible thermosensitive glue for retinal implants[END_REF]. In this study, bioadhesion, measured by a pull-off test, appeared one minute after passing through the LCST. The correlation between the cell culture behavior and thermo-sensitive tissue adhesion clearly indicates that bioadhesion on tissues is related to the ability of PNIPAM to adsorb proteins and thus catch cells.

Conclusion

Bioadhesion is a characteristic of interactions between materials and cells. This phenomenon is now better understood and gives rise to interesting fields in biomedical science such as cell sheet engineering. Brush structures have been shown to be efficient for cell adhesion, and to offer the advantage of a well-controlled preparation process. The "grafting from" approach enables dense brush layers to be made without steric hindrance limitations and thus leads to homogeneous layers, especially for rough surfaces. Living polymerization provides a way to control the growth of these layers. Various techniques exist, such as Fe-catalyzed ARGET-ATRP or RAFT polymerizations. It is known that the grafting method can lead to different properties (e.g. cross-linking), and impact the surface interaction with cells. PNIPAM, as a thermo-sensitive polymer, is widely studied and is a promising polymer in the cell sheet generation area, but its applications can be wider, including, for example, implants. Thus, several parameters such as graft density, layer thickness and grafting method have to be studied, characterized and compared in terms of cytotoxicity and bioadhesion. As yet, no solutions have been found to thoroughly characterize and study brushes directly on polymer substrates, this challenge will have to be overcome in the future. This limitation puts a brake on the control of the surface state, which is a key point for the prospective work in bioadhesion and can allow the investigation of new insights in the bioadhesion field, both theoretically and in terms of applications. In some cases, (i.e. biomedical implants) antifouling surfaces are sought in order to limit the biological colonization or any immunological response. On the contrary, tissue engineering needs good integration, and thus bioadhesion, of cells within biomaterials. Strong efforts are needed to further investigate the effects of the physio-chemical parameters of surfaces: hydrophilicity, roughness, mechanical properties, patterns. The development of innovative biomaterials will be dependant of these advances.
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 2 Fig. 2. (a) Stages of cell adhesion: interactions and kinetics. (b) SEM picture of a myoblast cell on an artificial surface, 2001. Fig. 2b is reprinted from Ref. [17], Copyright (2002), with the permission of Elsevier.
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 4 Fig. 4. Advanced ATRP mechanisms catalyzed by Cu(I)/Cu(II) complexes. Reprinted from Ref. [54], Copyright(2014), with permission of Elsevier.
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 5 Fig. 5. Mechanism of a RAFT polymerization. The CTA plays the role of activator/deactivator. Reproduced from Ref. [86], Copyright(2002), with permission of John Wiley and Sons.
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 7 Fig. 7. The three different modes of protein adsorption through brushes: (A) primary adsorption, (B) ternary adsorption and (C) secondary adsorption. Adapted from Ref. [117], Copyright(2012), with permission of Elsevier.

  

Table 1

 1 Examples of surface functionalization with PNIPAM brushes using ATRP or RAFT polymerization process.

	Radical polymerization	Technic	Substrate	Solvent	Refs.
	ATRP	grafting from	polyethylene terephthalate (PET)	water	[94]
			Au	water/methanol	[95]
			graphene	water	[96]
			poly(-caprolactone) (PCL)	water/methanol	[69]
			parylene C	DMF/water	[80]
			Si	water/methanol	[97]
			cellulose	various solvents	[98,99]
			mesoporous Si films	water	[100]
	RAFT polymerization	grafting to	Au nanoparticles	water	[89]
		grafting from	mesoporous Si nanoparticle	DMF	[101]
			aminated polyHIPE (high internal phase emulsions)	DMF	[93]
			cellulose	various solvents	[98,102]
			glass	dioxane	[90]
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