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Introduction

The development of nanomedicines has reached a new era with the increased number of formulations receiving approvals by health agencies and the extension of their application in clinic to address unmet medical needs [START_REF] Wicki | Nanomedicine in cancer therapy: challenges, opportunities, and clinical applications[END_REF][START_REF] Juliano | The delivery of therapeutic oligonucleotides[END_REF][START_REF] Mura | Combining imaging and drug delivery for the treatment of severe diseases[END_REF][START_REF] Hare | Challenges and strategies in anti-cancer nanomedicine development: An industry perspective[END_REF][START_REF] Lacombe | Particle therapy and nanomedicine: state of art and research perspectives[END_REF][START_REF] Luque-Michel | Clinical advances of nanocarrier-based cancer therapy and diagnostics[END_REF][START_REF] Pelaz | Diverse Applications of Nanomedicine[END_REF][START_REF] Ventola | Progress in Nanomedicine: Approved and Investigational Nanodrugs[END_REF][START_REF] Cicha | From design to the clinic: practical guidelines for translating cardiovascular nanomedicine[END_REF][START_REF] Dormont | Nanoplumbers: biomaterials to fight cardiovascular diseases[END_REF][START_REF] Dormont | Translation of nanomedicines from lab to industrial scale synthesis: The case of squalene-adenosine nanoparticles[END_REF][START_REF] Rodríguez-Nogales | Nanomedicines for Pediatric Cancers[END_REF][START_REF] Valero | Nanomedicine as a potential approach to empower the new strategies for the treatment of preeclampsia[END_REF][START_REF] Couvreur | Nanomedicine: From where are we coming and where are we going?[END_REF][START_REF] Lakkireddy | Building the design, translation and development principles of polymeric nanomedicines using the case of clinically advanced poly(lactide(glycolide))-poly(ethylene glycol) nanotechnology as a model: An industrial viewpoint[END_REF][START_REF] Lakkireddy | Nano-carriers for drug routing -towards a new era[END_REF]. Numerous bottlenecks to their development have been lifted but all difficulties have not yet been resolved [START_REF] Hare | Challenges and strategies in anti-cancer nanomedicine development: An industry perspective[END_REF][START_REF] Lakkireddy | Nano-carriers for drug routing -towards a new era[END_REF][START_REF] Alhareth | How should we plan the future of nanomedicine for cancer diagnosis and therapy?[END_REF][START_REF] Hua | Current Trends and Challenges in the Clinical Translation of Nanoparticulate Nanomedicines: Pathways for Translational Development and Commercialization[END_REF][START_REF] Wu | Grand challenges in nanomedicine[END_REF]. For instance, quality control of nanomedicines remains only partially addressed [START_REF] Hare | Challenges and strategies in anti-cancer nanomedicine development: An industry perspective[END_REF][START_REF] Lakkireddy | Nano-carriers for drug routing -towards a new era[END_REF][START_REF] Grainger | Connecting drug delivery reality to smart materials design[END_REF][START_REF] Boverhof | Comparative assessment of nanomaterial definitions and safety evaluation considerations[END_REF][START_REF] Bremer-Hoffmann | Identifiaction of regulatory needs for nanomedicines[END_REF][START_REF] Gao | Progress towards standardized and validated characterizations for measuring physicochemical properties of manufactured nanomaterials relevant to nano health and safety risks[END_REF][START_REF] Halamoda-Kenzaoui | Mapping of the available standards against the regulatory needs for nanomedicines[END_REF][START_REF] Caputo | Measuring particle size distribution of nanoparticle enabled medicinal products, the joint view of EUNCL and NCI-NCL. A step by step approach combining orthogonal measurements with increasing complexity[END_REF]. This procedure, that is applied to demonstrate consistency of nanomedicine performances and safety between batches of synthesis, is based on the measurement of key attributes of the nanomedicine. The small size scale of objects composing nanomedicines complicates the task even considering the evaluation of an obvious attribute such as their size [START_REF] Lakkireddy | Nano-carriers for drug routing -towards a new era[END_REF][START_REF] Grainger | Connecting drug delivery reality to smart materials design[END_REF][START_REF] Gao | Progress towards standardized and validated characterizations for measuring physicochemical properties of manufactured nanomaterials relevant to nano health and safety risks[END_REF][START_REF] Caputo | Measuring particle size distribution of nanoparticle enabled medicinal products, the joint view of EUNCL and NCI-NCL. A step by step approach combining orthogonal measurements with increasing complexity[END_REF][START_REF] Caputo | Measuring Particle Size Distribution by Asymmetric Flow Field Flow Fractionation: A Powerful Method for the Preclinical Characterization of Lipid-Based Nanoparticles[END_REF][START_REF] Langevin | Towards reproducible measurement of nanoparticle size using dynamic light scattering: Important controls and considerations[END_REF][START_REF] Gioria | Are existing standard methods suitable for the evaluation of nanomedicines: some case studies[END_REF][START_REF] Jain | In-vitro and in-vivo characterization of pharmaceutical nanocarriers used for drug delivery[END_REF].

Several methods can be used to evaluate size characteristics of nanomedicines [START_REF] Wu | Grand challenges in nanomedicine[END_REF][START_REF] Gao | Progress towards standardized and validated characterizations for measuring physicochemical properties of manufactured nanomaterials relevant to nano health and safety risks[END_REF][START_REF] Halamoda-Kenzaoui | Mapping of the available standards against the regulatory needs for nanomedicines[END_REF][START_REF] Caputo | Measuring particle size distribution of nanoparticle enabled medicinal products, the joint view of EUNCL and NCI-NCL. A step by step approach combining orthogonal measurements with increasing complexity[END_REF][START_REF] Caputo | Measuring Particle Size Distribution by Asymmetric Flow Field Flow Fractionation: A Powerful Method for the Preclinical Characterization of Lipid-Based Nanoparticles[END_REF][START_REF] Jain | In-vitro and in-vivo characterization of pharmaceutical nanocarriers used for drug delivery[END_REF][START_REF] Williams | Characterisation of nanoparticulate systems by hydrodynamic chromatography[END_REF][START_REF] Anderson | A comparative study of submicron particle sizing platforms: accuracy, precision and resolution analysis of polydisperse particle size distributions[END_REF][START_REF] Contado | Nanomaterials in consumer products: a challenging analytical problem[END_REF][START_REF] Gross | Nanoparticle tracking analysis of particle size and concentration detection in suspensions of polymer and protein samples: Influence of experimental and data evaluation parameters[END_REF][START_REF] Kestens | Validation of a particle tracking analysis method for the size determination of nano-and microparticles[END_REF][START_REF] Danaei | Impact of Particle Size and Polydispersity Index on the Clinical Applications of Lipidic Nanocarrier Systems[END_REF][START_REF] Rasmussen | Physico-chemical properties of manufactured nanomaterials -Characterisation and relevant methods. An outlook based on the OECD Testing Programme[END_REF][START_REF] Willmott | Tunable Resistive Pulse Sensing: Better Size and Charge Measurements for Submicrometer Colloids[END_REF][START_REF] Lerche | Comprehensive characterization of nano-and microparticles by In-Situ visualization of particle movement using advanced sedimentation techniques[END_REF][START_REF] Maguire | Characterisation of particles in solution -a perspective on light scattering and comparative technologies[END_REF]. However, Dynamic Light Scattering applied in the batch mode (batch-mode DLS) remains the most used method [START_REF] Wu | Grand challenges in nanomedicine[END_REF][START_REF] Caputo | Measuring particle size distribution of nanoparticle enabled medicinal products, the joint view of EUNCL and NCI-NCL. A step by step approach combining orthogonal measurements with increasing complexity[END_REF][START_REF] Langevin | Towards reproducible measurement of nanoparticle size using dynamic light scattering: Important controls and considerations[END_REF][START_REF] Kestens | Challenges in the size analysis of a silica nanoparticle mixture as candidate certified reference material[END_REF][START_REF] Langevin | Inter-Laboratory Comparison of Nanoparticle Size Measurements Using Dynamic Light Scattering and Differential Centrifugal Sedimentation[END_REF]. It is even still the only method considered to characterize the size of nanomedicines in certain works [START_REF] Ruseva | Capillary dynamic light scattering: continuous hydrodynamic particle size from the nano to the micro-scale[END_REF][START_REF] Valero | Liposomes as Gene Delivery Vectors for Human Placental Cells[END_REF]. This method was the first for which simple to operate measurement instruments were available favoring their wide implantation in research, industrial and quality control laboratories. The method is recognized to perform nanomedicine size measurements [START_REF] Halamoda-Kenzaoui | Mapping of the available standards against the regulatory needs for nanomedicines[END_REF][START_REF] Rasmussen | Physico-chemical properties of manufactured nanomaterials -Characterisation and relevant methods. An outlook based on the OECD Testing Programme[END_REF][START_REF] Steinhäusser | Reliability of methods and data for regulatory assessment of nanomaterial risks[END_REF]. It was the first for which a standardization by the International standardization organization (ISO) was established [45,46]. However, behind easy and automatic measurements, high precautions are needed to prepare samples and to interpret results. The method is very precise and accurate measuring particle size of liquid dispersions composed of spherical particles with a monomodal narrow size distribution using a robust standard operating procedure (SOP) [START_REF] Kestens | Challenges in the size analysis of a silica nanoparticle mixture as candidate certified reference material[END_REF][START_REF] Langevin | Inter-Laboratory Comparison of Nanoparticle Size Measurements Using Dynamic Light Scattering and Differential Centrifugal Sedimentation[END_REF][START_REF] Lamberty | Interlaboratory comparison for the measurement of particle size and zeta potential of silica nanoparticles in an aqueous suspension[END_REF][START_REF] Braun | A new certified reference material for size analysis of nanoparticles[END_REF][START_REF] Varenne | Standardization and validation of a protocol of size measurements by dynamic light scattering for monodispersed stable nanomaterial characterization[END_REF][START_REF] Varenne | Size of monodispersed nanomaterials evaluated by dynamic light scattering: protocol validated for measurements of 60 and 203nm diameter nanomaterials Is now extended to 100 and 400nm[END_REF][START_REF] Varenne | Towards quality assessed characterization of nanomaterial: transfer of validated protocols for size measurement by dynamic light scattering and evaluation of zeta potential by electrophoretic light scattering[END_REF]. However, it is unsuitable to measure the size of dispersions having a wide or complex particle size distribution [START_REF] Wu | Grand challenges in nanomedicine[END_REF][START_REF] Gao | Progress towards standardized and validated characterizations for measuring physicochemical properties of manufactured nanomaterials relevant to nano health and safety risks[END_REF][START_REF] Langevin | Towards reproducible measurement of nanoparticle size using dynamic light scattering: Important controls and considerations[END_REF][START_REF] Gioria | Are existing standard methods suitable for the evaluation of nanomedicines: some case studies[END_REF][START_REF] Danaei | Impact of Particle Size and Polydispersity Index on the Clinical Applications of Lipidic Nanocarrier Systems[END_REF]. This is because the intensity of the scattered light produced by the particles is proportional to the particle diameter raised to the sixth power. Thus, in highly polydisperse dispersions, signals from larger particles can dominate hiding the signal produced by the smallest particles. This effect can generate important bias on size measurements performed on polydisperse dispersions as demonstrated in several works [START_REF] Wu | Grand challenges in nanomedicine[END_REF][START_REF] Anderson | A comparative study of submicron particle sizing platforms: accuracy, precision and resolution analysis of polydisperse particle size distributions[END_REF][START_REF] Kestens | Challenges in the size analysis of a silica nanoparticle mixture as candidate certified reference material[END_REF][START_REF] Varenne | Multimodal dispersion of nanoparticles: A comprehensive evaluation of size distribution with 9 size measurement methods[END_REF]. Besides, a low resolution of the method to detect small variations of size distribution was pointed out assessing quality analysis of different batches of Doxil®, a liposome-based nanomedicine approved for clinical use since 1995 [START_REF] Gioria | Are existing standard methods suitable for the evaluation of nanomedicines: some case studies[END_REF]. Because of these limitations, it is recommended to evaluate the size of nanomaterials including nanomedicines with different methods working with different physic principles [START_REF] Caputo | Measuring particle size distribution of nanoparticle enabled medicinal products, the joint view of EUNCL and NCI-NCL. A step by step approach combining orthogonal measurements with increasing complexity[END_REF]. Applying such an orthogonal approach, we have demonstrated that batch-mode DLS missed to report the large and complex size distribution of one of our polymer nanomedicine (different populations in size with D H comprised between 90 to 500 nm) providing with a mean hydrodynamic diameter of a single population of particles (D H = 220 nm) and a low polydispersity index (PdI) (PdI = 0.08). Measurement quality criteria were very good discarding any suspicion of bias on the size measured by batch-mode DLS [START_REF] Varenne | Multimodal dispersion of nanoparticles: A comprehensive evaluation of size distribution with 9 size measurement methods[END_REF]. We have found this result problematic as the size is one of the key attributes of nanomedicine which means that it influences the biological fate, activity and safety [9, [START_REF] Lakkireddy | Nano-carriers for drug routing -towards a new era[END_REF][START_REF] Danaei | Impact of Particle Size and Polydispersity Index on the Clinical Applications of Lipidic Nanocarrier Systems[END_REF][START_REF] Stolnik | Long circulating microparticulate drug carriers[END_REF][START_REF] Alexis | Factors affecting the clearance and biodistribution of polymeric nanoparticles[END_REF][START_REF] Jiang | Nanoparticle-mediated cellular response is size-dependent[END_REF][START_REF] Nel | Understanding biophysicochemical interactions at the nano-bio interface[END_REF][START_REF] Liu | Size dependent cellular uptake, in vivo fate and light-heat conversion efficiency of gold nanoshells on silica nanorattles[END_REF][START_REF] Moghimi | Factors Controlling Nanoparticle Pharmacokinetics: An Integrated Analysis and Perspective Annu[END_REF][START_REF] Kulkarni | Effects of particle size and surface modification on cellular uptake and biodistribution of polymeric nanoparticles for drug delivery[END_REF][START_REF] Blanco | Principles of nanoparticle design for overcoming biological barriers to drug delivery[END_REF][START_REF] Gustafson | Nanoparticle Uptake: The Phagocyte Problem[END_REF][START_REF] Hoshyar | The effect of nanoparticle size on in vivo pharmacokinetics and cellular interaction[END_REF][START_REF] Jin | Rational Design of Cancer Nanomedicine for Simultaneous Stealth Surface and Enhanced Cellular Uptake[END_REF]. It raises questions about relationships between size and nanomedicine efficacy and safety that were established before the years 2010s', at a time DLS was the only size measurement method for colloids available [START_REF] Alexis | Factors affecting the clearance and biodistribution of polymeric nanoparticles[END_REF][START_REF] Jiang | Nanoparticle-mediated cellular response is size-dependent[END_REF][START_REF] Moghimi | Factors Controlling Nanoparticle Pharmacokinetics: An Integrated Analysis and Perspective Annu[END_REF][START_REF] Kulkarni | Effects of particle size and surface modification on cellular uptake and biodistribution of polymeric nanoparticles for drug delivery[END_REF][START_REF] Gustafson | Nanoparticle Uptake: The Phagocyte Problem[END_REF][START_REF] Lundqvist | Nanoparticle size and surface properties determine the protein corona with possible implications for biological impacts[END_REF][START_REF] Gaumet | Nanoparticles for drug delivery: the need for precision in reporting particle size parameters[END_REF]. It is noteworthy that these relationships are currently used to draw rational approaches for designing nanomedicines [START_REF] Cicha | From design to the clinic: practical guidelines for translating cardiovascular nanomedicine[END_REF][START_REF] Grainger | Connecting drug delivery reality to smart materials design[END_REF][START_REF] Blanco | Principles of nanoparticle design for overcoming biological barriers to drug delivery[END_REF][START_REF] Jin | Rational Design of Cancer Nanomedicine for Simultaneous Stealth Surface and Enhanced Cellular Uptake[END_REF][START_REF] Kang | Tailoring the stealth properties of biocompatible polysaccharide nanocontainers[END_REF][START_REF] Sun | Rational Design of Cancer Nanomedicine: Nanoproperty Integration and Synchronization[END_REF][START_REF] Leong | On the issue of transparency and reproducibility in nanomedicine[END_REF]. However, in their critical review of the literature analyzing reports on the influence of the size of nanomedicines on their biodistribution, Gaumet et al. highlighted the occurrence of several inconsistencies between the established relationships [START_REF] Gaumet | Nanoparticles for drug delivery: the need for precision in reporting particle size parameters[END_REF]. They pointed out the lack of precision on reporting the polydispersity in size of nanomedicines from size measurements performed by batch-mode DLS only as one of possible factors that lead to the contradictory relationships [START_REF] Gaumet | Nanoparticles for drug delivery: the need for precision in reporting particle size parameters[END_REF]. Obviously, these relationships did not take into account the particle size distribution which recently emerged as another key attribute of a nanomedicine [START_REF] Cicha | From design to the clinic: practical guidelines for translating cardiovascular nanomedicine[END_REF][START_REF] Wu | Grand challenges in nanomedicine[END_REF][START_REF] Boverhof | Comparative assessment of nanomaterial definitions and safety evaluation considerations[END_REF][START_REF] Caputo | Measuring particle size distribution of nanoparticle enabled medicinal products, the joint view of EUNCL and NCI-NCL. A step by step approach combining orthogonal measurements with increasing complexity[END_REF][START_REF] Danaei | Impact of Particle Size and Polydispersity Index on the Clinical Applications of Lipidic Nanocarrier Systems[END_REF][START_REF] Rabanel | Nanoparticle heterogeneity: an emerging structural parameter influencing particle fate in biological media?[END_REF] and can now be better determined using a combination of size measurement methods [See for instance: 52,70 -75]. Considering the results of our above-mentioned previous work [START_REF] Varenne | Multimodal dispersion of nanoparticles: A comprehensive evaluation of size distribution with 9 size measurement methods[END_REF], it may also be postulated that our present understanding of the influence of nanomedicine size on biological responses may be based on incorrect sizes as it is impossible to exclude a bias from data given the size only measured by batch-mode DLS. Thus, it is urgent to clarify the relevance of the existence of a possible bias to remove some of the current difficulties in obtaining consistent results when designing nanomedicines [START_REF] Leong | On the issue of transparency and reproducibility in nanomedicine[END_REF].

The aim of the present work was to investigate whether the previously established relationships can be used confidently by answering the following two questions 1. Does the size heterogeneity in of the dispersion results in a heterogeneous or homogeneous biological response? 2. Is the observed biological response due to the particles that were detected analyzing the parent dispersion by batch mode DLS or to another size population that this size measurement method missed to detect?

To carry on this work, a dispersion of nanoparticles with a complex size distribution was needed. We have used our previously characterized polymer nanoparticle dispersion [START_REF] Varenne | Multimodal dispersion of nanoparticles: A comprehensive evaluation of size distribution with 9 size measurement methods[END_REF] that was fractionated in 4 fractions containing different particle populations. The biological response that was chosen to monitor was the capacity of the nanoparticles to activate the complement system that is recommended to evaluate the safety of a nanomedicine [START_REF] Dobrovolskaia | Current understanding of interactions between nanoparticles and the immune system[END_REF][START_REF] Szebeni | Roadmap and strategy for overcoming infusion reactions to nanomedicines[END_REF]. The activation of the complement system also has determinant role in controlling the in vivo fate of intravenously administered nanomedicines and on their efficacy [78-81] and can be assessed by in vitro tests [START_REF] Neun | Analysis of Complement Activation by Nanoparticles[END_REF].

Materials and Methods

Materials

The monomer used for the preparation of the nanoparticles, isobutylcyanoacrylate (IBCA) was purchased from Afinitica (Barcelona, Spain). Nitric acid (Prolabo VWR, Fontenay sous Bois, France), hydrochloride acid (Fluka, Saint-Quentin Fallavier, France), Cerium IV ammonium nitrate (Fluka, Saint-Quentin Fallavier, France), dextran 66.7 kDa (Sigma, Saint-Quentin Fallavier, France) were used as supplied.

For the analysis of the activation of the complement system, human serum was prepared from plasma provided by Etablissement Français du Sang (Agreement # 14/ESF/041, Rungis, France). Anti-human C3 polyclonal antibody raised in goat was purchased from Fitzgerald (Anton, USA). Agarose was supplied by Sigma, Gel-fix® plates for agarose gel (265 x 150 mm) were purchased from Serva Electrophoresis (Heidelberg, Germany). 

Methods 2.2.1. Preparation of the parent dispersion of nanoparticles

The parent dispersion of nanoparticles was prepared following the protocol described in Varenne et al. [START_REF] Varenne | Multimodal dispersion of nanoparticles: A comprehensive evaluation of size distribution with 9 size measurement methods[END_REF]. Briefly, 9.7 mL of a dextran solution at 51.7 mg/mL in nitric acid 0.2M were purged with nitrogen for 10 min and the temperature was raised to 40°C. To start the synthesis of the nanoparticles, 0.3 mL of cerium IV ammonium nitrate (0.08 M in nitric acid 0.2 M) immediately followed by the addition of 0.5 mL of IBCA were added to the solution of dextran placed under strong magnetic stirring. The polymerization was pursued for 50 min at 40°C. At the end, the obtained milky dispersion was cooled down rapidly using an ice bath. The dispersion was then dialyzed against milli-Q® water. After dialysis, an aliquot of the dispersion was stored at +4°C until use and the rest was used to prepare fractions of different size

Preparation of the different fractions in size from the parent dispersion

Separation of the parent dispersion of nanoparticle in fractions of different size was achieved by successive centrifugations. Figure 1 summarizes the conditions of centrifugation used and the different fractions that were prepared during this fractionation procedure. During the procedure, the weight of each fraction was measured using a balance Mettler Toledo XS105 Dual range to achieve a mass balance of the distribution of the different types of nanoparticles isolated in each fraction.

The different fractions were stored at +4°C until use.

Figure 1: Scheme of experimental conditions used to fractionate the parent dispersion (P). Fractions F1, F2, F3 and F4 kept for further analysis were underlined with the color code used in the different figures. Centrifugation 1 was performed with a Centrifuge 5804R Eppendorf. Centrifugations 2 and 3 were performed using a 5417R Eppendorf centrifuge. Volumes were 50 mL per tube for centrifugation 1 and 1 mL distributed in microcentrifuge tubes for centrifugations 2 and 3.

Determination of the concentration in particles

Aliquots (100 µL or 300 µL) of the parent dispersion and of each fraction were lyophilized for 24 h in a freeze drier Christ-Alpha 1-2CDPlus (Bioblock Scientific, Illkirch, France). The weight of the dry residue attributed to the nanoparticles contained in the aliquot was determined using a precision balance Mettler Toledo XS105 Dual range. The concentration in particles, M c , expressed in mg/mL was then calculated from the weight of dried residue obtained from the volume of the lyophilized aliquot. The concentration of the dispersion expressed as the area of nanoparticles per volume unit (cm²/mL) was calculated with equation 1

𝑆

Equation 1

In which ρ was the volumetric mass of the nanoparticles taking the value of 1.14 g/cm 3 according to Vauthier et al. [START_REF] Vauthier | Measurement of the Density of Polymeric Nanoparticulate Drug Carriers by Isopycnic Centrifugation[END_REF], and D H was the mean hydrodynamic diameter determined by DLS as explained in section 2.2.4.

The number of particles, N, was deduced from the mass of particles, m, D H and ρ, with equation 2

𝑁 Equation 2
The application of equation 2 considering Mc instead of m gives the concentration of the dispersion expressed in number of particles per mL.

Characterization of the size and size distribution

The size and size distribution of the dispersions were evaluated by different methods. The batch-mode DLS which covers a wide range of size was used for all dispersions while other methods were applied depending on their limitations regarding size limits and/or amount of sample needed.

For batch-mode DLS, evaluation of the size of the particles was achieved using a previously validated protocol which applies for the evaluation of the size of polymer nanoparticles [START_REF] Varenne | Standardization and validation of a protocol of size measurements by dynamic light scattering for monodispersed stable nanomaterial characterization[END_REF][START_REF] Varenne | Size of monodispersed nanomaterials evaluated by dynamic light scattering: protocol validated for measurements of 60 and 203nm diameter nanomaterials Is now extended to 100 and 400nm[END_REF]. All cares were used to prepare samples. Measurements were performed using a Zetasizer ZS90 (Malvern Instrument, Malvern Panalytical, Orsay, France) at the optimal concentration determined in previous works for this type of nanoparticles (0.1 mg/mL) [START_REF] Varenne | Standardization and validation of a protocol of size measurements by dynamic light scattering for monodispersed stable nanomaterial characterization[END_REF] Dilutions were performed with filtered Milli-Q® water. Prior measurement, the sample was let to equilibrate at the temperature measurement set at 25°C for 5 min. Results were expressed as the z-average hydrodynamic diameter and the particle size distribution (PDI) deduced from the cumulant fit.

Size of dispersions P, F2, F3 and F4 were also evaluated at 25°C using an analytical photocentrifuge LUMiSizer® 6514 (12 measurement channels) (LUM GmbH, Berlin, Germany) and STEP-TechnologyTM [START_REF] Lerche | Comprehensive characterization of nano-and microparticles by In-Situ visualization of particle movement using advanced sedimentation techniques[END_REF]. Samples were diluted in Milli-Q® water to achieve a concentration in nanoparticles ranging from 2 to 10 mg/mL. Volume sample introduced in the measurement cell (Cell LUM 10mm, PC, Rect. Synthetic cell (110-132xx)) was 1.3 mL. Centrifugation at a relative centrifugal acceleration of 2300 (at bottom position) were performed for 5 hours. The detector operated at a wavelength of 870 nm for dispersions P, F2 and F3 and of 410 nm for the dispersion F4 Results were expressed as the harmonic average value of the diameter deduced from the log normal distribution and standard deviation.

Size of dispersions F2 and F3 were also evaluated by Tunable Resistive Pulse Sensing (TRPS) [START_REF] Willmott | Tunable Resistive Pulse Sensing: Better Size and Charge Measurements for Submicrometer Colloids[END_REF]. The instrument was a Q-Nano (Izon, Lyon, France) operating with nanopore np300 for F2 and np150 for F3. Data acquisition and interpretation was achieved using the IZON Control Suite software version 3.3.2.2001. A calibration of the apparatus was performed using polystyrene calibration particles having a mode size of 115 nm provided by Thermo Fisher Laboratory and used at a concentration of 1.2 x 10 10 particles/mL. Samples were diluted in phosphate saline buffer containing 0.03% of Tween20 (Izon solution Q) at a concentration of 0.05 mg/mL. Results were expressed as the mean diameter in number and standard deviation.

Particles contained in each fraction and in the parent dispersion were observed by transmission electron microscopy (TEM) for qualitative analysis of the shape, size and size distribution. Samples were diluted at a concentration of 0.1 mg/mL and deposited on formvar carbon coated cupper grids for TEM by flotation for 3 min. The excess of sample was let to dry in dust free environment. Grids were then stained for 10 s with phosphotungstate solution (1%) by flotation. The excess of staining solution was blotted, and the grid was let to dry before introduction in the electron microscope. Observations were performed using a JEOL JEM1400 electron microscope operating at 80KV at the Electron Microscope facility Imagif (I2BC, CNRS, Gif France). Images were acquired with a Gatan camera ORIUS SC1000A using Digital Micrograph Gatan software.

Determination of the zeta potential

Zeta potential of the different dispersions were evaluated using a Zetasizer ZS90 (Malvern Panalytical, Orsay France). The nanoparticles were diluted in a solution of sodium chloride 1 mM filtered thru 0.2µm. Operating conditions used to perform measurements were described in Varenne et al. [START_REF] Varenne | Towards quality assessed characterization of nanomaterial: transfer of validated protocols for size measurement by dynamic light scattering and evaluation of zeta potential by electrophoretic light scattering[END_REF].

Results were the mean zeta potential value of 5 measurements performed on 2 independent experiments.

Evaluation of the activation of the protein C3 of the complement system by crossed immunoelectrophoresis.

Complement activation triggered by nanoparticles incubated in human serum was assessed evaluating the cleavage of the protein C3 by 2-D immunoelectrophoresis developed by Passirani et al. [START_REF] Passirani | Interactions of nanoparticles bearing heparin or dextran covalently bound to poly(methyl methacrylate) with the complement system[END_REF] and modified by Coty et al. [START_REF] Coty | Serial multiple crossed immunoelectrophoresis at a microscale: A stamp-sized 2D immunoanalysis of protein C3 activation caused by nanoparticles[END_REF] to achieve high throughput testing.

The concentration of nanoparticles that triggered 50% of the activation of the complement system in our experimental conditions was determined as follow. Test tubes for incubations were prepared in an ice bath with 25 µL of VBS 2+ , 50 µL nanoparticle sample, 25 µL human serum with different concentrations of nanoparticles started from 500 cm²/mL. The range of concentration in nanoparticles was adjusted for each dispersion to achieve a relevant titration curve for the determination of the activation at 50% while the upper concentration tested (up to 6000 cm²/mL for some dispersions) depended on the initial concentration of the dispersion. Right after addition of the serum that was added last, test tubes were incubated at 37°C for 1 hour. At the end of the incubation, test tubes were transferred in an ice bath and 2.5µL of each sample was immediately deposited on the agarose gel to start the 1 st dimension of the analysis by crossed immuno-electrophoresis.

In a second set of experiments, incubations were performed with samples prepared with VBS-EGTA+Mg 2+ at the minimal concentration of nanoparticles that produced full activation of the complement system in VBS 2+ . Samples were incubated at 37°C for 1 hour and tested for complement activation as described above.

Few control experiments were added in the different series of experiments to evaluate spontaneous activation of the complement triggered in the experimental conditions and to control serum quality. It is noteworthy that the material used to prepare samples of the control experiments was identical to that used preparing test samples. To evaluate spontaneous activation triggered in the experimental conditions, dispersions of nanoparticles were replaced by water. The quality of the serum was evaluated from two different samples, in one sample, we have added nanoparticles at a concentration that triggered full activation, this sample aimed to verify that the complement system was functional.

The second sample aimed to evaluate that the stock serum was not activated during storage. It was prepared with VBS-EDTA (25µL), serum (25µL) and water (50µL). Incubations carried out for the control experiments were performed as described for test samples.

The analysis of the protein C3 of the complement system in incubated samples was achieved by crossed immunoelectrophoresis right after the incubation period. A 1% agarose gel (40 mL in tricine buffer) containing the anti-C3 polyclonal antibody raised on goats was casted on a gel-fix® plate for agarose (265 x 150 mm) at 60°C as explained in the procedure described by Coty et al. [START_REF] Coty | Serial multiple crossed immunoelectrophoresis at a microscale: A stamp-sized 2D immunoanalysis of protein C3 activation caused by nanoparticles[END_REF] allowing to run 35 analysis at once. At regular intervals, five 0.8 cm wide bands of gels were removed and replaced by plain agarose gel at 1% prepared in tricine buffer (1.8 mL per band). Wells were formed using a specially designed comb forming a raw of 7 holes regularly distributed (2.5 cm between each) in the line filled by the plain gel. At the end of the preparation, the gel was placed on the electrophoresis tank (Multiphor II electrophoresis system, GE Healthcare, Buc, France) and loaded with 2.5 µL of samples in each well prior to run the first dimension at 600V, 16 mA, 100W. This electrophoresis was stopped when the migration marker incorporated in the gel had migrated by 6.5 cm (approximately 1h30). To start the second dimension, the gel was rotated by 90° to achieve the electrophoresis at 500V, 12mA, 100W for 3 h 30 min. After electrophoresis, the gel was dried for 45 min with Whatman® paper filters, soak in 0.9% NaCl solution for 15 min to precipitate the proteins, dried for another 30 min with filter papers, soak in water to remove all salts from the gel, and finally dried again with filter paper until complete dryness. Then, the gel was stained with Coomassie blue. Areas under the peaks appearing on each electrophoregrams were measured using image J software. The activation produced by each sample was calculated as the ratio between the area under peaks corresponding to the cleaved protein C3 (proteins of the lower molecular weights) over the total area of peaks shown on the electrophoregram. The value reached 1 when the whole amount of native C3 protein was converted into cleaved fragments indicating a total activation of the protein C3 in the incubated experimental conditions used in this work.

All samples for incubation were prepared a minimum of 3 times from 2 independently prepared dispersions. Each incubated sample was analyzed through the 2D immunoelectrophoresis method a minimum of 3 times. Experimental curves showing the activation of C3 for the different particle concentrations were fitted with the Boltzmann sigmoid function to determine the concentration of particles activating 50% of this protein, the C3A50.

Results

Physicochemical characterization of the nanoparticle dispersions

The parent dispersion was fractionated in different fractions by centrifugation with the aim to separate particles according to their size. The TEM images presented in figure 2A shows the heterogeneity in size of particles composing the parent dispersion. Electron micrographs obtained from samples of the fractions highlighted particles with distinct and more define sizes (Figure 2B,C,D,E).

The pellet from the first centrifugation, F1, contained particles of the larger size (Figure 2B). Then the size of the particles found in the different fractions clearly decreased in the order F2, F3 and F4 consistently to what was expected from the application of the fractionation method (Figure 2C,D,E) The larger particles were isolated from pellets in fractions F1 and F2 isolated from the first and second centrifugations. Smallest particles were well isolated in fractions F3 and F4 from the upper and lower phases of the supernatants of the second and third centrifugations.

Size measurements were achieved by batch-mode DLS on all samples. Those performed on the parent dispersion were aimed to identify the population of particles detected by this method. Results were summarized in figure 3 and Table 1. Consistently with TEM observations, the larger particles were found in F1 and diameters of particles found in the other fractions decreased in the order F2, F3, F4. The mean diameter given by DLS for the parent dispersion was very closed to that of the fraction F2 as well as the PDI. The figure 4 shows the size distribution curves obtained for the parent dispersion and fractions as determined by different size measurement methods. Each fraction showed a distinct peak indicating that different populations in size were isolated by our method of fractionation. Consistently with previous works, the distribution curve obtained by batch-mode DLS for the parent dispersion showed a single narrow peak (figure 4A black curve). This curve superimposed quite well with that obtained from the analysis of the fraction F2 (figure 4A blue curve). Size distribution evaluated by the analytical photocentrifugation method also showed different peaks for the 3 fractions that could be analyzed by this technique. Position of peaks were consistent with results obtained by batch-mode DLS (Figure 4A,B). The distribution curve of the parent dispersion was almost superimposed with that of F2, but caution should be taken with this result. The size distribution of the parent dispersion, F2 and F3 were evaluated at the same wavelength of 870 nm while results shown for F4 were acquired at a different wavelength (410 nm). The use of a lower wavelength performing size measurement on F4 was required to improve the quality of detection.

When enough sample was available, size of the fractions was also determined by TRPS (Figure 4C). Results showed the same trend compared with those obtained by batch-mode DLS and analytical photocentrifugation (Figure 4A,B). Peaks given by each fraction appeared at a different position indicating that they contained particles of a distinct size. This technique also allows a direct measurement of the concentration of dispersions expressed in number of particles per volume unit. Concentrations measured for F2 and F3 were 4.30 x 10 12 and 7.87 x 10 12 particles per mL, respectively. These values were of the same order of magnitude than those calculated from the concentration of the dispersions in mass (139.0 mg/mL and 25.7 mg/mL for F2 and F3, respectively), the mean D H of the particles determined by DLS (table 1) and the volumetric mass of the particles [START_REF] Vauthier | Measurement of the Density of Polymeric Nanoparticulate Drug Carriers by Isopycnic Centrifugation[END_REF] which gave 7.82 x 10 12 particles per mL for F2 and 6.58 x 10 12 particles per mL for F3.

Particle mean diameters determined by the different methods were summarized in the table 1. The expression of the diameter between methods was not homogenous hampering a direct comparison of the absolute values [START_REF] Kestens | Challenges in the size analysis of a silica nanoparticle mixture as candidate certified reference material[END_REF][START_REF] Braun | A new certified reference material for size analysis of nanoparticles[END_REF]. Apart from this limitation, results appeared consistent between methods, provided that largest and smallest particles were found in the same fractions. The zeta potential of the different dispersions was evaluated by electrophoresis light scattering. All dispersions showed a slightly negative value (ζ ≈ -5 mV) (Figure 3C). Differences between samples were included within the precision of the method. It can be concluded that the zeta potential of the different populations of particles composing the parent dispersion was homogenous. The zeta potential found for the parent dispersion -5.0 ± 0.3 mV was consistent with those found in previous works for this dispersion [86-88].

The figure 5 gives the percentage in mass, volume, surface and number of particles isolated in the different fractions composing the parent dispersion. Particles of the fraction F2 that were detected by batch-mode DLS during size measurement of the parent dispersion represented 62 ± 2 % in mass and volume of the total amount of particles but only 13.4 ± 2% in number. The percentage in surface of the different fractions was provided to give an indication of the area developed by corresponding populations of nanoparticles in the parent dispersion. This information was useful to interpret results from the evaluation of the capacity of the different populations of particles to trigger the activation of the complement system. It is noteworthy that half (51 ± 2 %) of the surface developed by the particles in the parent dispersion was due to the smallest particles isolated in F3 and F4. The other half (49 ± 2 %) of the surface was due to the larger particles of F1 and F2. The corresponding percentages in mass or volume were 32 ± 2 % and 68 ± 2 % respectively. In number, particles with the smallest size (F3 and F4) represented 73.0 ± 5 % of the total number of particles composing the parent dispersion while those of the larger size isolated in F1 represented only 0.40 ± 0.04%. 

Evaluation of the capacity of the particles to activate the complement system.

A study of the activation of the complement system was performed at different concentrations of particles expressed in surface developed by particles per volume unit to determine the concentration activating 50 % of the protein C3 (C3A50). Curves obtained from the analysis of the parent dispersion and fractions F2, F3 and F4 showed a S-shape which could be fitted with the sigmoidal Boltzmann function (Figure 6). The C3A50 indicated on the figures were deduced from the fit of the curves. With fraction F1, the activation of the protein C3 remained below 20% even at the highest concentration of particles that could be tested (up to 5000 cm².mL -1 ). The C3A50 was extrapolated from the fit of the curve with the sigmoidal Boltzmann function established from the experimental points of the first part of the sigmoid. The C3A50 can be used to compare the capacity of different particle populations to activate the complement system. The C3A50 obtained from evaluations performed on the parent dispersion (1650 cm².mL -1 ) and the fractions F3 and F4 (1180 cm².mL -1 and 1140 cm².mL -1 respectively) were of the same order of magnitude. The C3A50 for the fraction F2 was found at 3000 cm².mL -1 while that of the fraction F1 was extrapolated at 9000 cm².mL -1 . The graph of the figure 7 reports the value of the C3A50 determine for each fraction as the function of their size. It also includes data recorded for the parent dispersion. Experimental results reported on this graph represent mean values and standard deviations of data collected from several series of completely independent experiments including the preparation of the fractions from different synthesis of parent dispersions. This may explain the quite large error bar on the Y axis for the point plotted at a mean diameter of 310 nm.

It seemed that the variation of C3A50 in this region of size was high. For instance, at the two extreme values of diameters obtained for the fraction F2 isolated from different parent dispersions that are within the precision of the method (297 ± 3 nm and 323 ± 4 nm), C3A50 varied a lot from 3700 cm².mL - 1 and 6000 cm².mL -1 respectively. It is noteworthy that the C3A50 evaluated for the parent dispersion was at the same level than that found for fractions F3 and F4 but there is a bias in the size as pointed out before. All previous results were obtained while the serum was exposed to nanoparticles in conditions where the activation of the complement system can be triggered by the different pathways. Among those, the classical and lectin-binding protein pathways are calcium dependent. In contrast, the alternative pathway requires only the presence of magnesium. Performing experiments in the absence of calcium in samples can be used to reveal the part of the activation monitored in the previous conditions that was due to the activation by the calcium dependent pathway including the alternative route [START_REF] Prez | Function of the classical and alternate pathways of human complement in serum treated with ethylene glycol tetraacetic acid and MgCl2-ethylene glycol tetraacetic acid[END_REF][START_REF] Labarre | Strategy for in vitro evaluation of the interactions between biomaterials and complement system[END_REF][START_REF] Hamad | Distinct polymer architecture mediates switching of complement activation pathways at the nanosphere-serum interface: implications for stealth nanoparticle engineering[END_REF]. Figure 8 compares results of complement activation given by our dispersions after incubation in a calcium depleted media (VBS-EGTA+Mg 2+ ) and in VBS 2+ containing both calcium and magnesium. This experiment was performed at a concentration of particles that produced a full activation of the complement system in VBS 2+ explaining why all dispersions were not tested at the same concentration. The fraction F1 could not be included in this study because its capacity to activate the complement system in VBS 2+ was low even at a concentration of particles of 5000 cm².mL -1 that was the highest concentration that would have been tested with this fraction (Figure 6B). When incubations were performed in the calcium depleted media (VBS-EGTA Mg 2+ ) the activation of the protein C3 was markedly reduced but not annealed. The same amplitude of reduction was observed for the different dispersions suggesting that the mechanism of activation of the complement system was homogenous between the parent dispersion and the fractions hence throughout the different populations of particles composing the parent dispersion. The reduction of activation observed in the absence of calcium acknowledged that particles partly activated the complement system by calcium dependent pathways (the classical pathway, the lectin binding protein pathway). Because activation was not completely annealed in the absence of calcium, activation was also produced by the calcium independent route including the alternative pathway. 

Discussion

Relationships between size of nanomedicines on their biological response are currently used to build rational basis for nanomedicine formulations. However, they were mostly established with sizes measured by batch-mode DLS that was the sole size measurement method available at this time [START_REF] Alexis | Factors affecting the clearance and biodistribution of polymeric nanoparticles[END_REF][START_REF] Jiang | Nanoparticle-mediated cellular response is size-dependent[END_REF][START_REF] Moghimi | Factors Controlling Nanoparticle Pharmacokinetics: An Integrated Analysis and Perspective Annu[END_REF][START_REF] Kulkarni | Effects of particle size and surface modification on cellular uptake and biodistribution of polymeric nanoparticles for drug delivery[END_REF][START_REF] Gustafson | Nanoparticle Uptake: The Phagocyte Problem[END_REF]. Because this method can generate bias on size determination [START_REF] Wu | Grand challenges in nanomedicine[END_REF][START_REF] Caputo | Measuring particle size distribution of nanoparticle enabled medicinal products, the joint view of EUNCL and NCI-NCL. A step by step approach combining orthogonal measurements with increasing complexity[END_REF][START_REF] Gioria | Are existing standard methods suitable for the evaluation of nanomedicines: some case studies[END_REF][START_REF] Anderson | A comparative study of submicron particle sizing platforms: accuracy, precision and resolution analysis of polydisperse particle size distributions[END_REF][START_REF] Kestens | Challenges in the size analysis of a silica nanoparticle mixture as candidate certified reference material[END_REF][START_REF] Varenne | Multimodal dispersion of nanoparticles: A comprehensive evaluation of size distribution with 9 size measurement methods[END_REF], it cannot be excluded that such relationships might be questionable. This work was aimed to evaluate this risk investigating the biological response of different populations of particles isolated from a parent dispersion for which batch-mode DLS provided with a biased evaluation of the size as demonstrated in our previous work [START_REF] Varenne | Multimodal dispersion of nanoparticles: A comprehensive evaluation of size distribution with 9 size measurement methods[END_REF]. The first and second parts of this discussion were aimed to characterize the size and biological response of the different populations isolated from the parent dispersion and to discuss their property regarding that of the parent dispersion. The last part analyzed how the bias in the parent dispersion size measured by batch-mode DLS can affect our understanding of the relationship between size and biological response of nanomedicines.

4.1.

Characterization of the size of the different fractions and of the parent dispersion

The method of fractionation applied on the parent dispersion produced 4 fractions of particles of distinct sizes. Size measured by different techniques provided with consistent results although the absolute values differed slightly as the expression of the diameter was not homogenous between methods. The population of particles detected by batch-mode DLS in the parent dispersion could be identified. It mainly included the particles isolated in the fraction F2. Maps giving a quantitative representation of each fraction in the parent dispersion could be established in percentage of mass, volume, surface and particle number (Figure 5). From the data given in particle number and the size of the corresponding particles, a theoretical contribution to the intensity of light scattered, I, by each fraction in the parent dispersion can be calculated providing that it is proportional to the number of scattered particles, n, and to the power sixth of the particle size, D H , as indicated in the equation 3.

𝐼 ∝ 𝑛 𝐷 Equation 3

Results of this calculation explained why the batch-mode DLS method was unable to decrypt the wide size distribution of our parent dispersion (Figure 9A). The intensity of the scattered light given by particles of the fraction F2 represented 73.5% of the signal, that of the particles of the fraction F1 participated for 22.2% of the intensity of the scattered light of the parent dispersion making the contribution of the larger particles to 95.7% of the total intensity of the scattered light monitored during analysis of the parent dispersion. Participating for only 3.6 and 0.7% respectively of the intensity of the light scattered by the parent dispersion, fractions F3 and F4 were ignored by batch-mode DLS during measurement of the parent dispersion size. By multiplying the percentages of the scattered light contribution of each fraction by an arbitrary factor of 0.3, the points of the calculated theoretical contributions to the intensity for each fraction matched with the experimental curve giving the intensity of the scattered light vs particle diameter obtained from batch-mode DLS analysis of the parent dispersion (Figure 9B). This is a new experimentally based evidence of known limits of the batch-mode DLS method to report consistent size measurements for dispersions composed of different populations of particles which size difference is low (below 3 to 5 folds) [START_REF] Caputo | Measuring particle size distribution of nanoparticle enabled medicinal products, the joint view of EUNCL and NCI-NCL. A step by step approach combining orthogonal measurements with increasing complexity[END_REF][START_REF] Maguire | Characterisation of particles in solution -a perspective on light scattering and comparative technologies[END_REF]. It stressed the importance to confront size measurements given by this method with those obtained from other methods performing orthogonal sizing determinations with techniques based on different principles. This result also pointed out that we need to take with caution size characteristics of dispersions of nanomaterials including nanomedicines that were only determined by batch-mode DLS. The size characterization of the parent dispersion and fractions achieved by analytical photocentrifugation led to a similar conclusion then that obtained by batch-mode DLS. Indeed, the size distribution shown by the parent dispersion followed that of the fraction F2 (Figure 4B). This observation should be taken with caution as all measurements were not performed using consistent conditions of detection. A lower wavelength of detection (410 nm) was used to measure the size of the smallest particles isolated in the fraction F4. It might be that the optical system of the analytical centrifuge was unable to detect these small particles at 870 nm, the wavelength used to measure the size of the parent dispersion and of the other measured fractions. It would be worth to clarify this effect in a work dedicated to the evaluation of the performance of this method for which instruments were recently introduced on the market [START_REF] Lerche | Comprehensive characterization of nano-and microparticles by In-Situ visualization of particle movement using advanced sedimentation techniques[END_REF].

4.2.

Capacity of the different fractions to activate the complement system Key attributes of nanomedicines include the particle size being reported to influence their biological fates [9,16,35,54,58,60-63]. Studies on the influence of the size of nanomedicine on the response given by a biological system were generally achieved considering independent formulations of nanomedicine [START_REF] Stolnik | Long circulating microparticulate drug carriers[END_REF][START_REF] Jiang | Nanoparticle-mediated cellular response is size-dependent[END_REF][START_REF] Liu | Size dependent cellular uptake, in vivo fate and light-heat conversion efficiency of gold nanoshells on silica nanorattles[END_REF][START_REF] Moghimi | Factors Controlling Nanoparticle Pharmacokinetics: An Integrated Analysis and Perspective Annu[END_REF][START_REF] Kulkarni | Effects of particle size and surface modification on cellular uptake and biodistribution of polymeric nanoparticles for drug delivery[END_REF][START_REF] Lundqvist | Nanoparticle size and surface properties determine the protein corona with possible implications for biological impacts[END_REF][START_REF] Gaumet | Nanoparticles for drug delivery: the need for precision in reporting particle size parameters[END_REF]. This is in contrast with the present work in which populations of nanoparticles of different sizes were isolated from a single parent dispersion. This made possible the evaluation of the response of a biological system within size variation of particles composing a single dispersion. The biological response studied in the present work was the capacity of the particles to activate the complement system determining the concentration of particles activating 50% of the protein C3 of the complement system, the C3A50, and calcium dependence/independence of the activation pathways. The different fractions of particles showed different capacity to activate the protein C3 of the complement system while the activating particles all triggered activation through similar pathways. In our dispersion, the smallest particles showed the highest capacity to activate the protein C3. Results were consistent with that expected from the fact that the particle size can influence the biological response triggered by particles. However, they point out that a single dispersion may contain particles having very different capacities to trigger a given biological response. This may have consequences on the biological performances and safety of the parent dispersion of nanomedicines as the different population of particles of the dispersion will not behave consistently.

4.3.

Fractions of particles responsible for the biological response monitored in the parent dispersion

The capacity of the parent dispersion to activate the complement system was at the same level than that of the particles isolated in the fractions F3 and F4 (Figures 6,7). Thus, the biological response monitored while testing the capacity to activate the complement system of the parent dispersion can be attributed to the contribution of the particles of the smallest sizes. These populations represented the minority of the composition in particles of the parent dispersion expressed in mass and volume (32 ± 2% for both). In contrast, they represented the larger population of particles in number (86.4 ± 1%) and their surface represented about the half (51 ± 2%) of the total amount of surface developed by the particles in the parent dispersion. This points out that a parent dispersion of particles can include populations having very different biological activity according to its particle size distribution. A particle population even represented at a low concentration in mass can trigger the strongest biological response while a population which concentration in mass is the higher can remain silencing regarding a given biological response.

It is noteworthy that populations of particles that produced the strongest biological response were those that were not detected by batch-mode DLS characterizing the size of the parent dispersion. This appears to us to be a major problem for the understanding of the role of the size of nanomedicines in their biological performance and safety. Before having made the present work, we would have attributed the strong capacity of the parent dispersion to activate the complement system monitored to particles having a diameter of 290 ± 16 nm. In the light of the present results, this conclusion is incorrect and suggests that previously established relationship between nanomedicine size determined by batch-mode DLS only and biological response should be taken with caution. It may explain why contrasting results were reported in recent works while attempting to formulate nanomedicines designed on rational basis using these relationships. Because of the conclusion drawn from the present analysis of the data, the fact that the smallest particles produced the strongest activation of the complement system contrasting with the expected results based on previously established size-biological responses relationships will not be further discussed.

The study monitored the capacity of the particles to activate the complement system. Such a biological response was reported to cause serious safety issues in patients treated with nanomedicines [START_REF] Dobrovolskaia | Current understanding of interactions between nanoparticles and the immune system[END_REF][START_REF] Szebeni | Roadmap and strategy for overcoming infusion reactions to nanomedicines[END_REF].

The complement system also has a role defining the in vivo fate of nanomedicine administered by the intravenous route [78-81]. Results from this work stressed the urgent need to carefully evaluate the particle size distribution of a dispersion of nanomedicines using relevant measurement methods to anticipate any possible heterogeneity of the biological response between different populations of particles composing a single formulation.

Conclusion

One of the key attributes of nanomedicine is their size characteristics. DLS was for long the only method available to characterize the size of nanomedicine and currently remains the only size measurement method used in several works. Results from this work highlighted that the heterogeneity in size of a dispersion can generate heterogenous biological response consistently with the fact that biological response can be influenced by nanomedicine size. The most important result of this work showed that the population of particles detected by DLS in the parent dispersion was not the population which produced the strongest biological activity based on the evaluation of the capacity of the particles to activate the complement system. This result was disturbing suggesting that previous relationships between nanomedicine size and biological responses are questionable being established on size measurements made by DLS only. It emphasizes the need to strengthen nanomedicine size characterization using methods of high resolution that will confidently decrypt size heterogeneity and provide with a more relevant evaluation of the particle size distribution. It supports the urgent need to improve nanomedicine size measurement practices to assess their quality for clinical use and to provide with reliable understanding of their activity and safety according to their size characteristics.
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 2 Figure 2: Electron micrographs of the particles composing the parent dispersion (A) and the different fractions isolated from successive centrifugations. B: F1, C: F2, D: F3, E: F4. Scale bar: 1µm.
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 3 Figure 3: Size and surface charge characteristics of the parent dispersion and of the different fractions as determined by batch-mode DLS and ELS respectively. Hydrodynamic diameter (A), Particle size distribution (B), and zeta potential (C).

  a : from [52], b: span = (D 90 -D 10 )/D 50

Figure 4

 4 Figure 4 Size distribution curves obtained by A: batch-mode DLS, B: Analytical photocentrifugation (detection wavelength at 870 for the parent dispersion (P), F2, F3 and at 410 nm for F3), C: TRPS. Black curve: parent dispersion, Grey curve: F1, blue curve: F2, orange curve: F3, red curve: F4.

Figure 5

 5 Figure 5 Balance of the different particle populations composing the parent dispersion expressed in mass, volume, surface and number. From bottom to top: light grey: F1, blue: F2, orange, F3, red: F4.

Figure 6 :

 6 Figure 6: Activation of the C3 protein evaluated at different concentrations of particles. Curves were fitted with the sigmoidal Boltzmann function (full line), Numbers indicated on graphs are C3A50 deduced from the fit. The value for the fraction F1 (B) was extrapolated from the fit established from the experimental points. A: parent dispersion, B: fraction F1, C: fraction F2, D: fraction F3, E fraction F4.

Figure 7 :

 7 Figure 7: Relation between the size of the particle population of the fractions (F1, F2, F3, F4) and of the parent dispersion (P) and the capacity to activate the complement system expressed as the C3A50. * value extrapolated from the fit of the first part of the curve with the Boltzmann function.

Figure 8 :

 8 Figure 8: Activation of the complement system triggered through all pathways (full bars: VBS 2+ ) and through calcium independent pathway only (hatched bars: VBS-EGTA + Mg 2+ ).

Figure 9 :

 9 Figure 9: Theoretical evaluation of the contribution of each fraction to the scattered light produced by the parent dispersion. A: Calculation of the contribution to the scattered light produced by different isolated fractions in the parent dispersion. Data were presented with the fraction containing particles of the lower size (F4) on the left and that containing particles of the larger size (F1) on the right. B: Comparison between the experimental curve showing the intensity of the scattered light obtained during batch-mode DLS analysis of the parent particles and of the theoretical contribution calculated for each fraction of particles.

Table 1 :

 1 Mean diameters of the dispersions evaluated by different methods. : hydrodynamic diameter, nd: not determined, SDV: standard deviation, PdI, polydispersity index.
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