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Introduction

Nanomaterials occurring as single particles within the nanosize range are small enough to diffuse in living tissues of the organisms and to penetrate cells. Synthesis of artificial nanomaterials appeared enough reproducible at the end of the 1960's and beginning of the 1970's [START_REF] Bangham | Diffusion of univalent ions across the lamellae of swollen phospholipids[END_REF], see for references [START_REF] Daniel | A long history with many future challenges to meet in the future -Free-radical emulsion polymerization and aqueous polymer dispersions[END_REF]. They appeared suitable to serve as drug carriers [START_REF] Gregoriadis | The carrier potential of liposomes in biology and medicine[END_REF][START_REF] Kreuter | New adjuvants on a polymethylmethacrylate base[END_REF][START_REF] Kreuter | Nanoparticles -A historical perspective[END_REF] and attracted immediate interest to realize the "magic bullet", a concept imagined by Paul Ehrlich winner of the Nobel Prize in Physiology and Medicine in 1908. The rational behind this idea was to develop method of drug delivery reducing severe side effects of drugs used in chemotherapies of cancer and infections thanks to a better targeting of the drug to diseased tissues. Early stages of developments of nanomedicines have considered liposomal formulations of chemotherapeutic agents during the 1970's [START_REF] Gregoriadis | The carrier potential of liposomes in biology and medicine[END_REF][START_REF] Juliano | The role of drug delivery systems in cancer chemotherapy[END_REF][START_REF] Gregoriadis | Drug-carrier potential of liposomes in cancer chemotherapy[END_REF]. Since then, the field of nanomedicine has considerably expanded. Many types of nanomaterials have been proposed to serve as drug carriers for small molecules but also for biomacromolecules including therapeutic peptides, proteins and all kinds of nucleic acids that can be used to control the expression of a specific gene and applied in gene therapy. Proofs of concept for the delivery of most of these molecules considering different modalities for their administration have now been provided [START_REF] Couvreur | Nanotechnology: intelligent design to treat complex disease[END_REF], Farokhzad and Langer 2009[START_REF] Etheridge | The big picture on nanomedicine: the state of investigational and approved nanomedicine products[END_REF], Lehrner et al 2013]. Besides applications which overcome drug delivery challenges, several types of nanomaterials were found interested to improve performance of imaging techniques used in diagnostic [START_REF] Liu | Superparamagnetic nanosystems based on iron oxide nanoparticles for biomedical imaging[END_REF]. The new nanomedicine field called theragnostic uses a combination of drug delivery and diagnostic in a single nanomaterial [START_REF] Mura | Nanotheranostics for personalized medicine[END_REF]. Finally, several types of nanomaterials can be used to potentiate the effect of radiotherapy [START_REF] Bakht | Scope of nanotechnologybased radiation therapy and thermotherapy methods in cancer treatment[END_REF]. They are used to focus effects of radiations after implantation within tumours which enhances the efficacy of the radiotherapy. Several of these nanomaterials are bringing the hope to develop non-invasive methods for tumour ablation with the ambition to displace classical surgery.

It is now established that many types of nanoparticles have the potential to revolution diagnostic and therapeutic methods [START_REF] Wang | Nanomedicine in Action: An Overview of Cancer Nanomedicine on the Market and in Clinical Trials[END_REF][START_REF] Lehner | Intelligent nanomaterials for medicine: Carrier platforms and targeting strategies in the context of clinical application[END_REF][START_REF] Etheridge | The big picture on nanomedicine: the state of investigational and approved nanomedicine products[END_REF]]. However, success is closely conditioned by their biodistribution while they are intended to be administered in vivo by a general route of administration, i.e. oral or intravenous. In turn, the expected biodistribution is closely conditioned on how nanoparticles interact with biological media especially those they found on their way between the site of administration and their target sites [Alexis et al. 2003[START_REF] Owens | Opsonization, biodistribution and pharmacokinetics of polymeric nanoparticles[END_REF][START_REF] Dobrovolskaia | Preclinical studies to understand nanoparticle interaction with the immune system and its potential effects on nanoparticle biodistribution[END_REF][START_REF] Walczyk | What the cell "sees" in bionanoscience[END_REF][START_REF] Moyano | Nano meets biology: Structure and function at the nanoparticle interface[END_REF]. Considering administration of a nanomedicine by the intravenous route which is a typical route considered for their administration, immediate interactions include adsorption of proteins on the nanomaterial surface. A layer of proteins forms at the surface of the nanomedicine changing their "synthetic identity" into a "biological identity" [START_REF] Lynch | The nanoparticleprotein complex as a biological entity; a complex fluids and surface science challenge for the 21st century[END_REF][START_REF] Dobrovolskaia | Preclinical studies to understand nanoparticle interaction with the immune system and its potential effects on nanoparticle biodistribution[END_REF][START_REF] Norde | My voyage of discovery to proteins in flatland…and beyond[END_REF], Walkey et al., 2012, Walkey and Chan 2012]. This event determines and regulates subsequent biological response that will control, in final, the in vivo fate of the nanomedicine including its eventual toxicity. Understanding interactions of nanomedicines with blood proteins is considered as a fundamental issue to predict and control their biodistribution and the eventual toxicological reaction they may induce [Lynch et al. 2007, Walkey andChan 2012]. While this is expected to provide with a better understanding on how physico-chemical properties of nanomedicines which Pathak, Editors. CRC Press, Taylor and Francis. Bocca Raton, FL. July 2014. Chap 18, pp. 365-382 define their "synthetic identity" influence the in vivo fate, it will enable a rational design of safe and efficient nanomedicines. Considering the broader range of applications offered by nanotechnologies that far exceed that of nanomedicines, elucidation of interactions occurring between nanomaterials and proteins is expected to contribute to evaluate and elucidate health and environmental risks which may arise from their use in various domains of the industry and in consumer products distributed on a large scale.

Investigating interactions of proteins with nanomaterials is a complex task. Nanomaterials occur with various composition, size, shape, and surface properties [START_REF] Algar | The controlled display of biomolecules on nanoparticles: a challenge suited to bioorthogonal chemistry[END_REF][START_REF] Etheridge | The big picture on nanomedicine: the state of investigational and approved nanomedicine products[END_REF][START_REF] Lehner | Intelligent nanomaterials for medicine: Carrier platforms and targeting strategies in the context of clinical application[END_REF]. A glance of this complexity is provided considering the nature of components composing nanomaterials developed as nanomedicines. These include lipids, polymers, carbon, and metal for the simpler. More complex systems are composites resulted from the association of metal colloids and lipids or polymers for instance. A second difficulty arises from the large number of proteins that are found in the blood and the broad range of concentrations they individually occur. There is above 1000 different proteins with differences in concentrations spread over 10 orders of magnitude [START_REF] Anderson | The human plasma proteome: a nonredundant list developed by combination of four separate sources[END_REF]]. Additionally, the adsorption of protein on a surface of a material is kinetically dependant and the composition of the adsorbed proteins evolves with time [START_REF] Hirsh | The Vroman effect: Competitive protein exchange with dynamic multilayer protein aggregates[END_REF]. Finally, investigating interactions of proteins with nanomaterials is not simply an extension of approaches applied on biomaterials. The range of size of nanomaterials imposed the development of specific methods. Some were adapted from those used to evaluate biomaterials, but a lot needed to be developed specifically to be applied on nanomaterials [START_REF] Lynch | The nanoparticleprotein complex as a biological entity; a complex fluids and surface science challenge for the 21st century[END_REF][START_REF] Vauthier | Configuration of Bovine Serum Albumin adsorbed on polymer particles with grafted dextran corona[END_REF], 2011, Walkey and Chan 2012, Welsh et al. 2013].

Research carried on interactions of proteins with nanoparticles were intensified over the last twenty years. They have started soon after it was assumed that proteins play a fundamental role defining the in vivo fate of nanomaterials including those designed as drug carriers. Today, it is expected that the biodistribution of nanomaterials may be anticipated from the type of proteins that adsorbed on their surface. It is also assumed that it may be possible to target a nanomaterial to a specific site in the organism taking advantage of a preferential adsorption of a certain plasma protein if it exists and to the specific design of the nanomaterial. While taking advantage of the preferential adsorption of protein may be a strategy to conceive targeted nanoparticles for drug delivery, a systematic identification of proteins that adsorb on nanomaterials could be used as a method identifying preferential sites of accumulation in the body in the purpose to anticipate the safety of a nanomaterial. In parallel to research carried out to decrypt the type of proteins adsorbing on nanoparticle surface, methods of camouflaging the surface of nanoparticles were developed. To this purpose, poly(ethylene glycol) (PEG) was chosen because of its known antifouling properties thanks from its uses to improve resistance to protein adsorption of biomaterials [ Jeon and Andrade 1991, Jeon et al. 1991[START_REF] Gref | Biodegradable long-circulating polymeric nanospheres[END_REF], Paphadjopooulos et al. 1991[START_REF] Banerjee | Antifouling coatings: recent developments in the design of surfaces that prevent fouling by proteins, bacteria, and marine organisms[END_REF]]. Together with observations of the occurrence of modifications of protein adsorption, the addition of PEG at the surface of nanomaterials could modulate the pharmacokinetic and biodistribution of the corresponding nanoparticles [START_REF] Gref | Poly(ethylene glycol)-coated nanospheres: potential carriers for intravenous drug administration[END_REF][START_REF] Gref | Stealth' coronacore nanoparticles surface modified by polyethylene glycol (PEG): influences of the corona (PEG chain length and surface density) and of the core composition on phagocytic uptake and plasma protein adsorption[END_REF], Perracchia et al. 1999, Vonabourg et al. 2006, see for review [START_REF] Li | Pharmacokinetics and biodistribution of nanoparticles[END_REF]. However, the use of PEG presents some limitations following observations from the clinics while the use of PEGylated nanomedicines was intensified in human medicine. The most serious concerns the appearance of a new type of toxicity which occurs as a hypersensitive reaction called C activation-related pseudoallergy (CARPA) [START_REF] Jiskoot | Immunological risk of injectable drug delivery systems[END_REF][START_REF] Szebeni | Activation of complement by therapeutic liposomes and other lipid excipient-based therapeutic products: prediction and prevention[END_REF][START_REF] Lehner | Intelligent nanomaterials for medicine: Carrier platforms and targeting strategies in the context of clinical application[END_REF]. Only few works have considered the use of alternative Pathak, Editors. CRC Press, Taylor and Francis. Bocca Raton, FL. July 2014. Chap 18, pp. 365-382 polymers to PEG to modulate surface properties of nanoparticles in the aim to modify protein adsorption. The few numbers of polymers used in this purpose included polyoxazolines, oligo and polysaccharides, polyelectrolytes and zwitterionic polymers [START_REF] Passirani | Preparation and characterization of nanoparticles bearing heparin or dextran covalently-linked to poly(methyl methacrylate)[END_REF][START_REF] Chauvierre | Novel polysaccharide-decorated poly(isobutyl cyanoacrylate) nanoparticles[END_REF][START_REF] Labarre | Interactions of blood proteins with poly (isobutylcyanoacrylate) nanoparticles decorated with a polysaccharidic brush[END_REF], Lemarchand et al. Estephan et al., 2010, Walkey and Chang 2012[START_REF] Welsch | Adsorption of proteins to dunctional polymeric nanoparticles[END_REF]. Whatever the approach used to modify surface properties of nanoparticles, the control of the in vivo fate of a nanomedicine from the protein adsorption pattern needs the understanding of the relation between the synthetic identity of the nanomaterials, its biological identity and the corresponding physiological response. Each can be described by many parameters that considerably increase the challenge. We should admit that we are still at the beginning of the works. Nevertheless, a few general principles have emerged from the number of studies available in the literature. For instance, Walkey and Chan [2012] have provided a comprehensive analysis of data collected from many of these works. They described an "adsorbome" of 125 plasma proteins for nanoparticles of various compositions and surface properties. From this analysis, they draw a relation between the physico-chemical characteristics of the nanoparticles and the corresponding absorbome. The difficulty of this work came from the various sources of data hence the wide range of nanoparticles. Unfortunately, this analysis could obviously not be based on standardized evaluations of nanomaterial properties and of protein adsorption. In agreement with the finding of the authors, this would be the main restriction of this work. Nevertheless, such an analysis deserves of respect and will be very useful in the future. The conclusion which came out of this work was that 2 to 6 proteins from plasma predominantly adsorbed on the surface of a nanomaterials together with many more that adsorbed at a lower abundance. Another remarkable analysis was provided by Walkey et al. [2012] considering a series of PEGylated gold nanoparticles and investigating in parallel their "absorbome" and their uptake by macrophages. It also emerged from all the work done that polyethylene glycol chains grafted at the surface of nanoparticles control the adsorption of proteins by a steric effect [START_REF] Gref | Stealth' coronacore nanoparticles surface modified by polyethylene glycol (PEG): influences of the corona (PEG chain length and surface density) and of the core composition on phagocytic uptake and plasma protein adsorption[END_REF], Walkey et al. 2011, for other ref see [START_REF] Owens | Opsonization, biodistribution and pharmacokinetics of polymeric nanoparticles[END_REF]Peppas, 2006, Alexis et al., 2008]. The use of polyelectrolytes as coating materials of nanoparticles leads to a different mechanism of control of the adsorption of proteins on the nanoparticle surface. In this case, proteins were found to behave like multi-counterions that can interact with the charge of the polyelectrolytes via the patches of opposite charges they display on their surface [START_REF] Ballauff | Polyelectrolyte brushes[END_REF][START_REF] Ballauff | Spherical polyelectrolyte brushes[END_REF][START_REF] Welsch | Adsorption of proteins to dunctional polymeric nanoparticles[END_REF]]. In our group, we have started investigating interactions of proteins with polysaccharide coated poly(alkylcyanoacrylate) (PACA) nanoparticles. These nanoparticles have the potential to improve the delivery of many types of drugs [START_REF] Vauthier | Design aspects on poly(alkylcyanoacrylate) nanoparticles for targeted drug delivery[END_REF][START_REF] Andrieux | Polyalkylcyanoacrylate nanoparticles for delivery of drugs across the blood-brain barrier[END_REF], Julien and Couvreur, 2009]. They can be obtained with various surface properties thanks to their method of preparation and the large panel of polysaccharides that can be used as coating materials [START_REF] Julien | Intracellular Delivery Fundamental Biomedical Technologies[END_REF]. The aim of this chapter was to propose a comprehensive review of our contribution to the understanding of the influences of nanoparticle properties on interactions with blood proteins. In the first part, we summarize the characteristics of a series of polysaccharide coated PACA nanoparticles that were synthesized to carry on our work. Results on the interactions of proteins with nanoparticles are presented in the second part of the chapter. As it will be explained, models drawn to describe the "synthetic identity" of several nanoparticles could be used to elucidate mechanisms controlling the accessibility of proteins to the nanoparticle surface during protein adsorption. It also served to understand mechanisms beyond the capacity of the nanoparticles to trigger activation of proteins involved in the immune system which play a fundamental role to define the in vivo fate intravenously injected nanoparticles.

Author manuscript published in: « Biointeractions of Nanomaterials". Vijaykumar B. Sutariya and Yashwant Pathak, Editors. CRC Press, Taylor and Francis. Bocca Raton, FL. July 2014. Chap 18, pp. 365-382 

Synthetic identity of polysaccharide-coated poly(akylcyanoacrylate) nanoparticles

PACA nanoparticles are developed as drug carriers for various purposes since 1979. Their design has evolved with time to adjust their properties with that required to fulfil the different drug delivery strategies to achieve. These included functions required to associate various types of drugs and functionalities needed to adjust their in vivo biodistribution after intravenous injection. It leads to various types of PACA nanoparticles which were all spherical in shape but differed from their size, composition, and surface characteristics (Table 1). Table 1: In general, size of polysaccharide-coated PACA nanoparticles ranged between a few tens of nanometers (45-50 nm in diameter for the smaller) and several hundreds of nanometers (350 -400 nm in diameter for the larger). PACA nanoparticles are composed of copolymers including at least one segment of PACA and one segment of a hydrophilic macromolecule [START_REF] Douglas | Particle size and size distribution of poly(butyl 2 cyanoacrylate) nanoparticles. Influence of physicochemical factors[END_REF][START_REF] Chauvierre | Novel polysaccharide-decorated poly(isobutyl cyanoacrylate) nanoparticles[END_REF], Bertholon et al., 2006a[START_REF] Zandanel | Poly(isobutylcyanoacrylate) nanoparticles decorated with chitosan: Effect of conformation of chitosan chains at the surface on complement activation properties[END_REF]. As depicted in table 1, the copolymers take different structures depending on the conditions used for their synthesis. Thanks to the amphiphilic properties of the copolymers, nanoparticles produced in an aqueous medium occur as stable dispersions and take a core-corona structure. The hydrophobic segments of the copolymers precipitate to compose the core of the nanoparticles while the hydrophilic part is exposed at the nanoparticle surface (Figure 1). This core-corona structure forms thanks to the thermodynamics of the system in the course of nanoparticle synthesis which evolve to obtain the more stable aqueous dispersions of nanoparticles. A primary indication of the nature of the component included in the nanoparticle corona can be given by measuring the zeta potential of the nanoparticles. In general, the zeta potential shown by the nanoparticles is consistent with the value expected considering the nature of the macromolecule (i.e., the polysaccharide) composing the hydrophilic part of the copolymer. The Figure 2 gives examples of zeta potential of PACA nanoparticles composed of copolymers including various types of polysaccharides.

Some of the nanoparticles included in the Figure 2 were prepared with blends of polysaccharides and blends of polysaccharide and pluronic ® F68. It is noteworthy that such nanoparticles display intermediate properties compared with those of nanoparticles obtained with each hydrophilic macromolecule taken separately indicating that they formed by the assembling of the different copolymers produced during polymerization.
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Figure 2. Zeta potential of nanoparticles produced with different polysaccharides [START_REF] Lira | Cytotoxicity and cellular uptake of newly synthesized fucoidan-coated nanoparticles[END_REF][START_REF] Bravo-Osuna | Mucoadhesion mechanism of chitosan and thiolated chitosan-poly(isobutyl cyanoacrylate) core-shell nanoparticles[END_REF], De martimprey et al., 2009[START_REF] Labarre | Interactions of blood proteins with poly (isobutylcyanoacrylate) nanoparticles decorated with a polysaccharidic brush[END_REF]. Numbers following the name of the polysaccharide indicates the molecular weight in kDa. White columns: nanoparticles obtained by anionic polymerization. Black columns: nanoparticles obtained by radical polymerization.

Determination of the "synthetic identity" of nanoparticles in the aim to understand their interaction with proteins requires deeper description of their characteristics especially of the structure of their corona. Such efforts were carried out on PEG-coated nanoparticles and nanoparticles coated with brushes of polyelectrolytes [START_REF] Gref | Stealth' coronacore nanoparticles surface modified by polyethylene glycol (PEG): influences of the corona (PEG chain length and surface density) and of the core composition on phagocytic uptake and plasma protein adsorption[END_REF][START_REF] Welsch | Adsorption of proteins to dunctional polymeric nanoparticles[END_REF]]. Models of the organization of the chains of PEG or polyelectrolytes could be suggested providing with a clear understanding of the structure of the nanoparticle surfaces. In our work, we have characterized a series of polysaccharide coated PACA nanoparticles to provide with a comprehensive view of the structure of the nanoparticle corona [Bertholon et al. 2006b[START_REF] Vauthier | Configuration of Bovine Serum Albumin adsorbed on polymer particles with grafted dextran corona[END_REF], 2011[START_REF] Zandanel | Poly(isobutylcyanoacrylate) nanoparticles decorated with chitosan: Effect of conformation of chitosan chains at the surface on complement activation properties[END_REF]. In contrast with polymers composing PEGylated nanoparticles, polymers composing polysaccharide coated PACA nanoparticles are synthesized at the time of the preparation of nanoparticles by emulsion polymerization. This implies that the structure of copolymers composing the nanoparticles needs to be characterized from the obtained nanoparticles. As in the case of many amphiphilic copolymers, the polysaccharide-PACA copolymers composing the nanoparticles were difficult to characterize. The main difficulty rose from the fact that they were not soluble in solvents commonly used for polymer analysis. The only solvent in which the copolymers forming the nanoparticles could apparently dissolve was DMSO. However, the obtaining of a true solution in which polymer molecules occur as single and well individualized chains could only be obtained at a low concentration. Above a concentration of 1.1 mg/mL, the copolymer molecules aggregated together forming larger objects that could correspond to micelles [Bertholon et al. 2006b]. True solutions of copolymers occurred at lower concentration than that required to perform analysis with Pathak, Editors. CRC Press, Taylor and Francis. Bocca Raton, FL. July 2014. Chap 18, pp. 365-382 usual methods applied to characterize polymers form solutions. To turn around this analytical problem, methods of selective degradation of the two types of polymers included in the copolymer After purification, the polymer chains which were not degraded by the selective treatment of either the PACA chains or the polysaccharide segments could be characterized as a homopolymer. This methodology is time consuming and needs lots of efforts validating all steps. The selectivity of the degradation methods needed to be demonstrated. It was shown that conditions of degradation applied to remove PACA did not modify the characteristics of the polysaccharide and vice versa.

Nevertheless, this complex procedure provided with structure of copolymers composing polysaccharide coated PACA nanoparticles obtained in different conditions of synthesis. Depending on their structures, the copolymers can be classified in two categories which depended on the type of polymerization applied to synthesize the nanoparticles. They occurred as linear block copolymers when the nanoparticles were prepared by radical polymerization and as comb copolymers when the synthesis of the nanoparticles occurred by anionic polymerization (Table 1) [Bertholon et al., 2006b, Zandanel and[START_REF] Zandanel | Poly(isobutylcyanoacrylate) nanoparticles decorated with chitosan: Effect of conformation of chitosan chains at the surface on complement activation properties[END_REF].

This difference in the structure of the copolymer generates a fundamental difference on the characteristics of the nanoparticle corona considering that the polysaccharide part of the copolymer is anchored in the core of the nanoparticles thanks to the contribution of the PACA segments.

Consequently, the number of PACA segments attached on the polysaccharide determines its spatial arrangement in the nanoparticle corona and its freedom to move (Table 1) [START_REF] Chauvierre | Evaluation of the surface properties of dextran coated poly(isobutylcyanocrylate) nanoparticles by Spin-labelling coupled with electron resonance spectroscopy[END_REF], Bertholon et al., 2006c). Simulations of the structure of the corona of a few polysaccharide coated PACA nanoparticles could be suggested. in nanoparticle corona could be drawn from the structure of the copolymers [Bertholon et al. 2006b[START_REF] Zandanel | Poly(isobutylcyanoacrylate) nanoparticles decorated with chitosan: Effect of conformation of chitosan chains at the surface on complement activation properties[END_REF]. Improved simulations were carried out from the composition in polysaccharide and PACA of the copolymer, the structure of the copolymer, the diameter of the core of the nanoparticles and their hydrodynamic diameter. Models drawn from the improved simulations can provide with information about the density of the polysaccharide chains within the nanoparticle corona [START_REF] Vauthier | Configuration of Bovine Serum Albumin adsorbed on polymer particles with grafted dextran corona[END_REF][START_REF] Vauthier | Protein adsorption and complement activation for di-block copolymer nanoparticles[END_REF]. The table 2 summarizes the models established from the deep characterization of several PACA nanoparticles coated with dextran which were then used to investigate their interactions with proteins. 

Nanoparticle

Interactions of polysaccharide-coated nanoparticles with proteins

When nanoparticles, or more generally drug carrier nanotechnologies, are injected in the blood, proteins immediately interact with the foreign particles. A first interaction consists on adsorption or deposition of proteins on the material surface. During this event, the surface of particles is decorated with blood proteins. The layer of proteins which forms gives a "biological identity" to the nanoparticles that play a fundamental role on subsequent events [Vonabourg et al. 2006[START_REF] Nilsson | The role of complement in biomaterialinduced inflammation[END_REF][START_REF] Alexis | Factors affecting the clearance and biodistribution of polymeric nanoparticles[END_REF][START_REF] Dobrovolskaia | Preclinical studies to understand nanoparticle interaction with the immune system and its potential effects on nanoparticle biodistribution[END_REF]. For instance, the access of the nanoparticle surface to certain proteins can trigger activation of the immune systems. When the immune system is activated, the particle is rapidly taken up by macrophages in charge of the elimination of foreign bodies. This strategy may be used to target drugs to the immune system, but it hampers the delivery of drugs to other organs and tissues. The approach used to escape the capture of drug carriers by macrophages is to mask the nanoparticle surface with hydrophilic polymers to modify the composition and amount of the adsorbed layer of proteins which forms when nanoparticles are injected in the blood. The grafting of polyethylene glycol chains was a very efficient strategy to hamper adsorption of proteins on the surface of nanomaterials used as drug carriers [START_REF] Gref | Stealth' coronacore nanoparticles surface modified by polyethylene glycol (PEG): influences of the corona (PEG chain length and surface density) and of the core composition on phagocytic uptake and plasma protein adsorption[END_REF][START_REF] Owens | Opsonization, biodistribution and pharmacokinetics of polymeric nanoparticles[END_REF], Vonabourg et al. 2006[START_REF] Alexis | Factors affecting the clearance and biodistribution of polymeric nanoparticles[END_REF][START_REF] Li | Pharmacokinetics and biodistribution of nanoparticles[END_REF]. It continues to be actively studied as the understanding on how particle design influences protein adsorption remains incomplete [Walkley et al., 2012, Walkey andChang, 2012]. Besides these works, we have started investigating interactions of proteins with the model nanoparticles of PACA coated with polysaccharides for which we could described the synthetic identity of the hydrophilic corona. Our studies aimed to answer several questions:

-Where proteins adsorbed on nanoparticle surface assuming that they may remain on the top of the hydrophilic corona, they may be entrapped within the hydrophilic corona or they may adsorb on the surface of the hydrophobic core?

-What are the parameters regulating protein adsorption assuming that the synthetic identity of the nanoparticle corona may greatly interfere in this process?

-What are the properties of the polysaccharide corona behind activating or non-activating proteins of the immune system?

Answering the first question was an issue to estimate the role of the nanoparticle corona in controlling interactions between nanoparticles and proteins. Obviously, this role was expected to differ greatly whether the proteins remained on the top of the corona surface or penetrated through this layer to either remained retained in the corona (Figure 4A,B) or diffused across to reach the hydrophobic core of the nanoparticles (Figure 4C).

Results from a series of experiments designed to highlight protein depot on the surface of dextran coated PIBCA nanoparticles led to the conclusion that proteins adsorbed on the hydrophobic core of the nanoparticles (Figure 4C) [START_REF] Vauthier | Configuration of Bovine Serum Albumin adsorbed on polymer particles with grafted dextran corona[END_REF]. The obvious consequence drawn from this observation was that properties of the corona are fundamental to control accessibility of proteins to the nanoparticle core surface hence to control the whole phenomenon of protein deposition. Due to the anchorage of the dextran chains on the nanoparticle core surface, the space available to accommodate proteins adsorbing on the nanoparticle core is also function of the characteristics of the corona. Using a rather small protein, the bovine serum albumin (BSA), it could be shown that the access of proteins on the surface of nanoparticle core greatly depended on both the density of chains of dextran in the nanoparticle corona and their conformation. Results of experiments performed Pathak, Editors. CRC Press, Taylor and Francis. Bocca Raton, FL. July 2014. Chap 18, pp. 365-382 with other proteins suggested that it also greatly depended on the molecular weight, shape and dimensions of the proteins. A dense brush of chains of dextran leaves spaces for protein adsorption on the core surface of nanoparticles of much smaller size then a loose brush. However, the maximum amount of BSA that can be accommodated on the nanoparticle core surface is almost equivalent (2.1 ± 0.4 mg/m² for nanoparticles R1 and 2.7 ± 0.2 mg/m² for nanoparticles R2) [START_REF] Vauthier | Protein adsorption and complement activation for di-block copolymer nanoparticles[END_REF].

Figure 4: Scheme illustrating the different hypothesis drawn for protein adsorption on the nanoparticles. The particle is illustrated with a white core and a grey corona while the proteins are shown by the black spots. Adsorption of proteins taking place at the surface of the corona (A), within the polysaccharide corona (B) or on the surface of the hydrophobic core assuming that the proteins can diffuse across the polysaccharide corona (C). According to the experiments, proteins adsorbed on the surface of the hydrophobic core of dextran coated PIBCA nanoparticles (hypothesis C) [START_REF] Vauthier | Configuration of Bovine Serum Albumin adsorbed on polymer particles with grafted dextran corona[END_REF]. Considering nanoparticles coated with dextran sulphate or heparin, protein interactions may occur according to hypothesis A and/or B.

This was explained by the rather small size of BSA. Comparing nanoparticles R1 and A1, the brush conformation of the chains of dextran in the corona of nanoparticles R1 allowed a lower amount of BSA to adsorb on the nanoparticle core then the loop conformation found on the surface of nanoparticles A1 (maximum amount of BSA adsorbed at the surface of nanoparticles A1 = 3.2 mg/m²) [START_REF] Vauthier | Configuration of Bovine Serum Albumin adsorbed on polymer particles with grafted dextran corona[END_REF]. An important other observation drawn from the experiment was that, only proteins which size suits with that of the free spaces can adsorb on the surface of the hydrophobic core. This is shown on figure 5 nanoparticles with a dense brush of dextran (nanoparticles R1) adsorbed a majority of low molecular weight proteins while the other nanoparticles (nanoparticles A1, A2, R2) adsorbed larger amounts of immunoglobulin and fibrinogen which are proteins with high molecular weights. The type of protein that adsorbed on the nanoparticle surface can be selected modulating both the conformation of the chains of dextran at the nanoparticle surface and the grafting density. A triage between proteins of low and high molecular weight applied at two levels. As explained above, the type of proteins that can adsorb on the nanoparticle surface depends on their size and on that of the hydrophobic areas available on the nanoparticle core. It also depends on the characteristics of the corona which function as a molecular sieve while proteins are diffusing across. Proteins which size and geometry does not allow them to diffuse through the mesh size of the polysaccharide layer that forms the corona are excluded and are not be able to reach the surface of the hydrophobic core of the nanoparticles (Figure 6). [Reproduced from [START_REF] Vauthier | Protein adsorption and complement activation for di-block copolymer nanoparticles[END_REF], Biomaterials. 32:1646-56. with permission].

As it was found with PEG-coated nanomaterials, the density of the chain of dextran stranded on the surface of nanoparticles, their molecular weight and their conformation are factors that contribute to select the type and amount of proteins that adsorb on the nanoparticle surface. These factors also control the activation of the protein C3 of the complement system which play a central role in the activation of the complement cascade being part of the immune system [START_REF] Nilsson | The role of complement in biomaterialinduced inflammation[END_REF]. A clear correlation was highlighted between the level of activation produced by the nanoparticles and the mesh size characteristics of the polysaccharide brush composing their corona (Figure 7A). Pathak, Editors. CRC Press, Taylor and Francis. Bocca Raton, FL. July 2014. Chap 18, pp. 365-382 The basic activation of the complement system in the experimental conditions is indicated by the horizontal dotted line at a CAF of 0.195. On the top of the graphs, schemes illustrate the configuration of the polysaccharide chains in the corona of the nanoparticles according to the mechanism of polymerization applied to prepare the nanoparticles (CAF values were taken from Bertholon et al., 2006a, Model of the nanoparticle surface [START_REF] Vauthier | Configuration of Bovine Serum Albumin adsorbed on polymer particles with grafted dextran corona[END_REF]Vauthier et al., , 2011 reproduced with permission) reproduced with permission) Considering this correlation, it clearly appeared that the steric exclusion of the protein C3 from the nanoparticle corona can prevent activation of the complement system. The correlation between the probability of insertion of the protein C3 in the corona of dextran and the level of activation measured was not as good (Figure 7B). This was interpreted by the fact that activation of the protein C3 may be triggered by a layer of already adsorbed proteins which have changed conformation during adsorption on the nanoparticle core surface and that may be accessible to the C3 protein from the external part of the nanoparticles.

As discussed above, the density, the conformation and concentration of dextran chains in nanoparticle corona are factors controlling protein adsorption and complement activation. Activation of the protein C3 of the complement system was also controlled by the molecular weight of the dextran chains in the brush (Figure 8). Nanoparticles that activated protein C3 of the complement system had a brush of dextran chains with a molecular weight lower then 60 kDa. With a brush formed by dextran of higher molecular weight, the nanoparticles hampered the activation of protein C3 which is mandatory to escape the immune system in the vascular compartment. This result was not expected from the other characteristics of the nanoparticle corona because C3 was believed to be too large to diffuse through the dextran corona and to reach the surface of the core of the nanoparticle to be activated. As illustrated on the figure 6 for nanoparticle R3, the activation of C3 could be triggered by a layer of adsorbed proteins protruding out of the corona when the chains of dextran are too short to hide them. On the contrary, when the dextran chains are long enough (at least 60 kDa), the layer of adsorbed proteins can be masked in an efficient way. The fact that the protein C3 is excluded from the brush of dextran and that the adsorbed proteins are masked by the brush of dextran appeared as required factors to hinder the activation of the protein C3 of the complement system considering dextran-coated nanoparticles. Pathak, Editors. CRC Press, Taylor and Francis. Bocca Raton, FL. July 2014. Chap 18, pp. 365-382 Figure 8: Protein adsorption on different dextran-coated nanoparticles and corresponding status of the activation of protein C3 of the complement system. The circles at the bottom represent the balance between proteins of high molecular weight (> 100 kDa) (dark grey and black) and low molecular weight (< 100 kDa) (light grey) that were found adsorbed at the nanoparticle surface after incubation in plasma. For proteins of high molecular weight a difference was made between fibrinogen (in black) and immunoglobulin (in dark grey).

A few conclusions can be drawn from the work done on dextran coated PACA nanoparticles. While proteins adsorbed on the hydrophobic core of the nanoparticles, the characteristics of the corona made of dextran control the type of proteins that can adsorbed and subsequent events including the activation of the complement system. A dense and thick brush of dextran is needed to hinder the activation of the complement system. Besides activation of the complement system, the composition of the adsorbed proteins can be modulated by varying the structure and characteristics of the corona. It is noteworthy that small changes can greatly influence the composition of the adsorbed proteins as illustrated by the comparison of protein adsorbed on nanoparticles A1 and A2 (Figure 5). All the results obtained from the analysis of protein interactions with our nanoparticles coated with chains of dextran suggested that the control of the adsorption of protein is achieved by a similar mechanism then that described with PEG nanoparticles being mainly governed by a steric effect.

In contrast with dextran-coated nanoparticles, the nanoparticles coated with charged polysaccharides behaved very differently. Nanoparticles having brushes of chitosan, heparin and dextran-sulfate prevented well the activation of the protein C3 of the complement system even at a

Author manuscript published in: « Biointeractions of Nanomaterials". Vijaykumar B. Sutariya and Yashwant Pathak, Editors. CRC Press, Taylor and Francis. Bocca Raton, FL. July 2014. Chap 18, pp. 365-382 low molecular weight. This effect was expected by designing nanoparticles coated with heparin which is an inhibitor of the activation of the complement system thanks to an interference with the factor H of the complement cascade [START_REF] Nilsson | The role of complement in biomaterialinduced inflammation[END_REF]. Interestingly, the inhibiting property of heparin was maintained in nanoparticles designed with a brush composed of a blend of dextran and heparin. Further analyses were pursued on the nanoparticles coated with dextran sulphate, with heparin and with a blend of heparin and dextran. The analysis of the proteins that adsorbed on these nanoparticles revealed a majority of high molecular weight proteins including fibrinogen and immunoglobulin (Figure 9) [START_REF] Vauthier | Design aspects on poly(alkylcyanoacrylate) nanoparticles for targeted drug delivery[END_REF].

Figure 9: Protein adsorption on different dextran-coated nanoparticles and corresponding status of the activation of protein C3 of the complement system. The circles at the bottom represent the balance between proteins of high molecular weight (> 100 kDa) (dark grey and black) and low molecular weight (< 100 kDa) (light grey) that were found adsorbed at the nanoparticle surface after incubation in plasma. For proteins of high molecular weight, a difference was made between fibrinogen (in black) and immunoglobulins (in dark grey).

Adsorption of these proteins on the surface of nanoparticles is in contradiction with their capacity to prevent the activation of the complement system. It is also in contradiction with the structure of a dense brush of polysaccharide chains forming the nanoparticle corona that should exclude large Pathak, Editors. CRC Press, Taylor and Francis. Bocca Raton, FL. July 2014. Chap 18, pp. 365-382 proteins from adsorption on nanoparticles. Although these results disagreed with results obtained from previous studies carried out on almost neutral nanoparticles designed with a corona composed of PEG and dextran, they agreed with those reported by the group of Ballauff investigating protein adsorption on nanoparticles coated with brushes of polyelectrolytes [START_REF] Wittemann | Adsorption of proteins on spherical polyelectrolyte brushes in aqueous solution[END_REF][START_REF] Welsch | Adsorption of proteins to dunctional polymeric nanoparticles[END_REF]]. These authors suggested that adsorption of proteins resulted from ionic interactions taking place between the negative charges of the polyelectrolyte grafted on the nanoparticle surface and patches of positive charged found on the proteins. It is believed that the proteins can then adsorb as a multivalent counter-ion after displacement of the monovalent counter-ion found along the polyelectrolyte chains of the brush formed at the nanoparticle surface. This effect can take place event at the most external sites of the nanoparticle corona as illustrated on figures 4A and 4B. The remarkable property of dextran sulphate to hinder activation of the complement system despite the adsorption of immunoglobulin and fibrinogen need to be elucidated. However, it can be assumed that the mechanism behind this effect is different from that depicted with the dextran-coated nanoparticles and based on a steric exclusion effect.

At this stage, we can identify that polysaccharide-coated nanoparticles can prevent activation of the complement system and control adsorption of proteins by at least two mechanisms that were summarized in Table 3. More work is now needed to understand how proteins are interacting with those nanoparticles and what the role of the polysaccharide corona in this interaction is. Nevertheless, the highly charged nanoparticles appeared as potential drug carriers that are able to bypass recognition mechanisms of the immune system followed by the activation of the complement cascade. Their capacity to adsorb high molecular weight proteins without triggering the activation of the complement system is a new property. It can reasonably be assumed that they will show a different biodistribution compared to that of the nanoparticles having a corona that selects small molecular weight proteins thanks to a steric effect. We are still at the very beginning of the understanding on how polysaccharides can be used to tune nanoparticle properties to modulate protein adsorption in a perfectly controlled manner. Nevertheless, it already seems that polysaccharides occurring in various natures can offer much wider possibilities to finely tune interactions between proteins and nanoparticles and in turn to give a wider range of possibilities to control the in vivo fate of drug carriers then PEG. Another very exiting perspective can emerged from the elucidation of the glyco-code that may provide keys to design nanoparticles having very defined interactions with proteins and in turn to obtain better controlled physiological responses and finally in vivo distribution. Pathak, Editors. CRC Press, Taylor and Francis. Bocca Raton, FL. July 2014. Chap 18, pp. 365-382

Conclusion

Nanoparticles with a wide range of surface properties can be designed choosing polysaccharides to create a hydrophilic corona on their surface. This strategy of modification of surface properties influences greatly the type and amounts of proteins that adsorb on the nanoparticle surface and the capacity of the nanoparticles to trigger activation of the complement system. Interestingly, control of the interactions of proteins with the nanoparticle surface can be achieved according to different mechanisms by choosing the nature of the polysaccharide composing the nanoparticle corona and designing the structure of the nanoparticle corona. More investments are needed on systematic and fundamental works to explore the full potential of the approach and to better understand how we can use polysaccharide to finely tune interactions of proteins with the nanoparticles. This will constitute a first step to the understanding of the physiological response and in turn of the biodistribution after intravenous administration. The wide range of surface characteristics that can be generated in a controlled manner may also be an opportunity for having access of model nanoparticles that could be used to investigate sites of accumulation of nanomaterials depending on the profile of adsorbed proteins and interactions with the immune system. This would deserve a rationalization of approaches developed to design more efficient drug carriers and the understanding of potential toxicological profiles of nanomaterials from their interactions with proteins.

  Conditions of fabrication of a series of model nanoparticles coated with dextran as polysaccharides and corresponding models deduced from the characteristics of the copolymers that composed 200 nm, ζ = -19 mV .
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Figure 1 :

 1 Figure 1: Electron micrograph of polysaccharide coated PACA nanoparticles. The nanoparticles were prepared by radical polymerization of isobutylcyanoacrylate carried out with chitosan 20KD. The nanoparticles were composed of a core of PIBCA, and a corona of chitosan as depicted on the right image. The nanoparticles deposited on a formvar-carbon coated cupper grid for electron microscopy were stained with phosphotungstic acid for 30 s. Scale bar = 100 nm. Cliché: H. De Martimprey. Service commun de Microscopie électronique, Orsay, France.

Figure 3 :

 3 Figure 3: Scheme explaining the strategy developed to analyse the composition and the structure of copolymers composing polysaccharide coated PACA nanoparticles.

F

  chains in the nanoparticle corona Fraction of the area of the core surface occupied by the anchorage of the polysaccharide chain : F Mesh size of the polysaccharide chains in the corona: m Maximal size of hydrophobic areas available on the nanoparticle core surface: A

Figure 5 :

 5 Figure 5: A scheme illustrating the interactions of proteins with a series of nanoparticles having a corona of dextran with different characteristics. The dark spot included in C3 indicates that the complement C3 of the complement system is activated. Albumin adsorbed on the surface of the nanoparticle core appears as a dark triangle.

Figure 6 :

 6 Figure 6: Relation between complement activation induced by the nanoparticles and the mesh size of the corona (a) and the insertion probability of the C3 protein at the core surface (b).[Reproduced from[START_REF] Vauthier | Protein adsorption and complement activation for di-block copolymer nanoparticles[END_REF], Biomaterials. 32:1646-56. with permission].

Figure 7 :

 7 Figure 7: Complement activation factors (CAF) evaluated for nanoparticles prepared by anionic (left panel) and radical polymerization (right panel) with different polysaccharides (black diamond: dextran, grey squares: chitosan, black triangle: dextran sulphate) and varying their molecular weight.The basic activation of the complement system in the experimental conditions is indicated by the horizontal dotted line at a CAF of 0.195. On the top of the graphs, schemes illustrate the configuration of the polysaccharide chains in the corona of the nanoparticles according to the mechanism of polymerization applied to prepare the nanoparticles (CAF values were taken fromBertholon et al., 2006a, Model of the nanoparticle surface[START_REF] Vauthier | Configuration of Bovine Serum Albumin adsorbed on polymer particles with grafted dextran corona[END_REF]Vauthier et al., , 2011 reproduced with permission) reproduced with permission) 
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Table 2 :

 2 Fine description of the synthetic identity of the dextran-coated nanoparticles prepared in different conditions (see table 1 for conditions of preparation). Φ gives the volume fraction occupiedby dextran chains in the nanoparticle corona. ( aVauthier et al., 2009, b Vauthier et al., 2011) Pathak, Editors. CRC Press, Taylor and Francis. Bocca Raton, FL. July 2014. Chap 18, pp. 365-382 
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