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Résumé

La néphropathie chronique est une maladie du rein qui se caractérise par la perte progressive de sa fonction de filtration. Il s'agit d'un problème répandu, puisque environ 10% de la population mondiale en serait atteinte, à différents stades. De nombreuses affections peuvent conduire à l'apparition de ce trouble. Le problème posé par l'insuffisance rénale est qu'elle est responsable de l'apparition ou de l'aggravation de nombreux troubles, notamment des maladies cardiovasculaires. Cette pathologie est par exemple liée à l'augmentation des vésicules extracellulaires procoagulantes dans le sang, qui accroît le risque de thrombose.

Les reins jouant un rôle fondamental dans l'homéostasie du phosphate, la perte de leur fonction de filtration provoque la hausse de la concentration de phosphate inorganique (Pi) dans le sang. Lorsque la concentration sérique dépasse 1,5mM, on parle d'hyperphosphatémie.

L'effet de cette hausse du phosphate inorganique sur les cellules endothéliales a été étudié afin de rendre compte de son effet sur les parois des vaisseaux sanguins notamment. Ces études ont montré que l'hyperphosphatémie inhibait les phosphoprotéines phosphatases et perturbait les voies de phosphorylation au sein des cellules. En particulier, elle perturbe l'activation de la tropomyosine, qui joue un rôle dans le remodelage du cytosquelette. Ainsi, l'intégrité de la cellule est diminuée, ce qui facilite le relargage de vésicules extracellulaires. Cependant, si des études ont été menées sur des cellules endothéliales, l'effet du phosphate inorganique sur les cellules rénales elles-mêmes n'a pas encore été étudié.

Afin de déterminer l'effet du phosphate inorganique sur les cellules rénales, des cellules rénales humaines embryonnaires (HEK 293A) et des cellules épithéliales rénales immortalisées (hTERT1) ont été incubées avec 1mM (contrôle) ou 2.5mM de Pi (concentration correspondant à une hyperphosphatémie) pendant 90 minutes ou 24 heures. Plusieurs paramètres ont été étudiés, notamment la concentration protéique et en Pi de la monocouche cellulaire, ainsi que la concentration protéique des particules présentes dans le milieu de culture. La mesure des protéines a été effectuée à l'aide du dosage protéique de Lowry. Celle de la concentration en Pi a été réalisée par la méthode de dosage colorimétrique de Kemp. Aucun effet significatif sur la concentration en protéines de la monocouche cellulaire n'a été observé. En revanche, une hausse de la concentration en Pi de la monocouche cellulaire a été constatée. Cela pourrait conduire aux mêmes effets sur l'inhibition des phosphoprotéines phosphatases et les voies de phosphorylation. En particulier, l'effet constaté dans les cellules endothéliales sur la tropomyosine pourrait se retrouver dans les cellules rénales et expliquer le relargage plus important de vésicules extracellulaires.

En effet, une analyse des particules du milieu a également été réalisée à l'aide d'une technique de dispersion de la lumière, l'analyse du suivi des nanoparticules (NTA, Nanoparticle Tracking Analysis). On a constaté que le Pi favorisait le relargage de vésicules extracellulaires, en particulier celles de la taille d'exosomes (<100nm). Cela pourrait causer des dommages aux cellules rénales épithéliales et favoriser la progression de la maladie. Une hausse de la concentration protéique des particules présentes dans le milieu de culture a également été observée.

Cependant, étant donné que le NTA ne peut détecter que les particules inférieures à 1000nm, on ne peut pas savoir si le Pi est aussi responsable du relargage de plus grosses particules, voire de cellules entières. En effet, dans de précédentes études portant sur les cellules endothéliales, la hausse de particules observée ne correspondait pas à celle mesurée pour la concentration dans le milieu de culture. Le relargage de plus grosses particules pourrait donc Ces résultats semblent favorables à un effet du phosphate inorganique sur les cellules rénales. Ils confirmeraient le fait que le taux de phosphate inorganique doit être régulé en cas de néphropathie et qu'il constitue une cible thérapeutique pour freiner la maladie. Désormais, des études in vivo, portant notamment sur l'étude des exosomes urinaires, permettraient d'en apprendre encore plus sur l'effet de l'hyperphosphatémie sur la fonction de filtration des reins. 
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Introduction

Chronic kidney disease (CKD) is defined as chronic degenerative disease of the kidney characterized by a loss of kidney filtration function. The diagnosis is established by detecting plasma protein leakage into the urine (proteinuria), by demonstrating retention of certain solutes in blood plasma (especially creatinine and urea), and by estimating the Glomerular Filtration Rate (GFR) [START_REF] Fraser | Exploration of Chronic Kidney Disease Prevalence Estimates Using New Measures of Kidney Function in the Health Survey for England[END_REF], which will be impaired depending on the severity of the disease. About 10% of the world population suffers from CKD [START_REF] Eckardt | Evolving importance of kidney disease: from subspecialty to global health burden[END_REF], which made it the 18 th most common cause of death worldwide in 2010 according to the National Kidney Foundation. Existing treatments are very costly and impose a heavy burden on patients.

CKD is thus a major public health issue (https://www.kidney.org/kidneydisease/global-factsabout-kidney-disease).

There are numerous causes to CKD, such as diabetes, hypertension and glomerulus inflammation (glomerulonephritis), although the cause is unknown in many cases [START_REF] Levin | Global kidney health 2017 and beyond: a roadmap for closing gaps in care, research, and policy[END_REF]. CKD is known to enhance the risk of appearance or worsening of several chronic conditions, especially cardiovascular diseases. For example, it increases the risk of heart failure, strokes, and thrombosis and cardiovascular diseases are the most common causes of death in patients with advanced CKD [START_REF] Gansevoort | Chronic kidney disease and cardiovascular risk: epidemiology, mechanisms, and prevention[END_REF].

Among the most frequent biochemical signs of CKD is an increase in the systemic concentration of inorganic phosphate (abbreviated to "Pi" in the remainder of this dissertation) [START_REF] Ketteler | Management of hyperphosphataemia in chronic kidney disease--challenges and solutions[END_REF]. Between 67% and 80% of ingested Pi is absorbed by the intestine.

Absorbed Pi becomes part of the exchangeable phosphorus pool (EPP), and the size of this pool depends on the Pi absorbed and excreted daily and on exchange between the other phosphorus pools within the human body. Most of the exchanges are made between intracellular phosphorus (i.e. Pi and its intracellular metabolites such as ATP), the Pi in calcium phosphate (hydroxyapatite) in bones and Pi in the blood. The balance of the EPP is maintained through Pi excretion by the kidney [START_REF] Hruska | Hyperphosphatemia of chronic kidney disease[END_REF]. In the kidney, Pi is filtered by the glomeruli. The proximal tubular cells of the kidney are responsible for the reabsorption of the Pi in the main circulation via two Na/Pi cotransporters, NaPi-2a and NaPi-2c, which reabsorb filtered Pi from the lumen of the renal tubule [START_REF] Toussaint | Is serum phosphate a useful target in patients with chronic kidney disease and what is the role for dietary phosphate restriction?: Phosphate in CKD[END_REF].

In case of CKD, Pi excretion is impaired and the balance of the EPP is altered, provoking changes in phosphorus metabolism [START_REF] Hruska | Hyperphosphatemia of chronic kidney disease[END_REF]. For example, the balance of formation/resorption of the bones is impaired, with an excess of bone resorption. This can lead to calcification of blood vessels and increase the risk of cardiovascular diseases [START_REF] Hruska | PHOSPHORUS METABOLISM AND MANAGEMENT IN CHRONIC KIDNEY DISEASE: Renal Osteodystrophy, Phosphate Homeostasis, and Vascular Calcification: RENAL OSTEODYSTROPHY[END_REF]. Hyperphosphataemia could thus be one cause of the appearance or worsening of several chronic conditions, such as cardiovascular diseases and vascular calcification.

Hyperphosphataemia corresponds to an increase in the level of Pi. The normal serum concentration is between 0.81 and 1.45mmol/L [START_REF] Moe | Disorders involving calcium, phosphorus, and magnesium[END_REF]. In in vitro research studies, the concentration of 1mM Pi is used as a basal Pi concentration, and a concentration of 2.5mM Pi has been used in previous studies to mimic hyperphosphataemia [START_REF] Abbasian | Hyperphosphatemia, Phosphoprotein Phosphatases, and Microparticle Release in Vascular Endothelial Cells[END_REF][START_REF] Di | Increased inorganic phosphate induces human endothelial cell apoptosis in vitro[END_REF].

While part of the harmful effect of hyperphosphataemia on the heart and vasculature may arise from precipitation of calcium phosphate (when the extracellular calcium x Pi concentration product is high) [START_REF] Hruska | PHOSPHORUS METABOLISM AND MANAGEMENT IN CHRONIC KIDNEY DISEASE: Renal Osteodystrophy, Phosphate Homeostasis, and Vascular Calcification: RENAL OSTEODYSTROPHY[END_REF], there is also evidence that a high concentration of soluble Pi may exert harmful effects on cells without precipitating calcium.

For example, it has been shown that hyperphosphataemia could have an effect on the vascular endothelial cells and increase the risk of cardiovascular diseases. [START_REF] Abbasian | Hyperphosphatemia, Phosphoprotein Phosphatases, and Microparticle Release in Vascular Endothelial Cells[END_REF] have

shown that high extracellular Pi concentration leads to a rise in intracellular Pi concentration which inhibits intracellular phosphoprotein phosphatases, which impacts the cytoskeleton of endothelial cells. It does this by affecting the regulation of the phosphorylation of tropomyosin.

As tropomyosin is a regulator of the cytoskeleton, this would affect the integrity of the cells and increase the release of extracellular vesicles (EVs) in the blood, increasing the risks of thrombotic events. EVs are vesicles of different sizes and origins, and can contain different kinds of molecules, such as proteins and micro-DNA. Microparticles are generally small EVs (between 50/100 and 1000 nm) ( [START_REF] Van Der Pol | Classification, Functions, and Clinical Relevance of Extracellular Vesicles[END_REF] and can be markers of endothelial dysfunction [START_REF] Dursun | Dynamics of circulating microparticles in chronic kidney disease and transplantation: Is it really reliable marker? In[END_REF]. In patients suffering from CKD the plasmatic concentration of EVs is higher, which could increase the occurrence of thrombotic events [START_REF] Burton | Elevated Levels of Procoagulant Plasma Microvesicles in Dialysis Patients[END_REF].

In addition to effects of Pi on the cardiovascular system, there is also clinical evidence in humans that Pi may have a role in CKD itself [START_REF] Neves | Adverse effects of hyperphosphatemia on myocardial hypertrophy, renal function, and bone in rats with renal failure[END_REF], either by increasing the risk of CKD in healthy individuals or by accelerating the rate of progression of CKD in patients.

However an effect on renal cells like the effect of Pi described by Abbasian et al. on endothelial cells [START_REF] Abbasian | Hyperphosphatemia, Phosphoprotein Phosphatases, and Microparticle Release in Vascular Endothelial Cells[END_REF] has not been studied yet. Similar mechanisms could affect renal cells and increase the risk of aggravation of the disease: for example, if Pi stimulates the release of EVs from renal tubular epithelial cells, these might travel down the lumen of the renal tubule and act on renal tubular epithelial cells further down the tubule, thus spreading damage down the tubule. Thus studying the effect of Pi and hyperphosphataemia on renal cells could give more insights on the progression of CKD.

Aim of this Study

In order to understand the impact of Pi on the renal epithelium, and to compare this with recent studies by this laboratory on endothelial cells [START_REF] Abbasian | Hyperphosphatemia, Phosphoprotein Phosphatases, and Microparticle Release in Vascular Endothelial Cells[END_REF], human umbilical vein cell line (EAhy 926) cells, human embryonic kidney 293A (HEK 293A) cells and human

Telomerase Expressing Reverse Transcriptase (hTERT) renal epithelial cells have been cultured with 1mM (control) or 2.5mM inorganic phosphate (Pi) for 90 min or 24 hours, to test the hypothesis that hyperphosphataemia (2.5mM Pi) stimulates particle release from renal cell lines through a mechanism similar to the one previously described in EAhy cells [START_REF] Abbasian | Hyperphosphatemia, Phosphoprotein Phosphatases, and Microparticle Release in Vascular Endothelial Cells[END_REF]. HEK cells are cells derived from human embryonic kidney cells.

However, they display different characteristics from mature human kidney cells and do not differentiate to express tubular epithelial characteristics in culture [START_REF] Graham | Characteristics of a human cell line transformed by DNA from human adenovirus type 5[END_REF]. In contrast, hTERT1 cells are an immortalized line of renal cells. They are primary cells that have been immortalized by addition of hTERT cDNA, which prevents the shortening of the telomere.

Consequently they are differentiated, contrary to cell lines produced from tumors, and stably display characteristics of renal tubular epithelial cells [START_REF] Lee | Use of exogenous hTERT to immortalize primary human cells[END_REF].

Therefore, this study analyses several potential effects of high phosphate concentration on renal cells. To assess the effect of Pi on release of particles from the cell monolayer, the total protein level of particles in the medium and the total remaining protein in the cell monolayer were measured in HEK 293 cells and hTERT cells, and were compared with measurements of the intracellular Pi level, to determine whether internalized Pi might be a signal triggering EV release as was observed in endothelial cells [START_REF] Abbasian | Hyperphosphatemia, Phosphoprotein Phosphatases, and Microparticle Release in Vascular Endothelial Cells[END_REF]. The particles released into the medium were also analyzed using the technique of Nanoparticle Tracking Analysis (NTA).

NTA is a light scattering technique that allows microparticle counting and measure of size distribution [START_REF] Gercel-Taylor | Nanoparticle analysis of circulating cell-derived vesicles in ovarian cancer patients[END_REF].

Finally, it was noticed that, in some of these experiments, the effect of Pi on protein particle release into the culture medium was not the same as the effect of Pi on particle release detected with NTA. This difference has also been observed in EAhy endothelial cells [START_REF] Abbasian | Hyperphosphatemia, Phosphoprotein Phosphatases, and Microparticle Release in Vascular Endothelial Cells[END_REF]. As NTA only detects particles smaller than 1 µm in diameter, a possible explanation is that Pi is also causing the release of intact cells or large cell fragments into the culture medium. Indeed, the shedding of the cells might be explained by a change in the expression of some key adhesion molecules. VE-Cadherin plays an essential role in endothelial cell-cell junction and the endothelial permeability, and phosphorylation of this molecule is thought to increase the permeability of the endothelium [START_REF] Gavard | Endothelial permeability and VE-cadherin: A wacky comradeship[END_REF]. Therefore, comparison was made between the cadherin levels under a normal and a high phosphate concentration. The level of expression of an adhesion molecule, CD144 or VE-cadherin, was measured by immunoblotting in EAhy cells, as EAhy cells are a line of endothelial cells which strongly express VE-Cadherin.

Material and methods

• HEK 293A cell culture HEK 293A cells were cultured in high glucose DMEM supplemented with 10% foetal bovine serum (FBS) and 1% Penicillin/Streptomycin at 37°C under a humidified 5% CO2 atmosphere. For passaging, they were rinsed with Hank's Balanced Salt Solution (HBSS) and incubated with 0.05% trypsin-EDTA at 37°C, 5% CO2 for 5min. Then they were plated on collagen coated 35mm wells at a density of 25 x 10 4 cells/well.

To collagen coat the wells 1 mg/ml bovine collagen Type I in 0.1 M acetic acid was diluted in 1M acetic acid to obtain a concentration of 50µg/mL. The collagen solution was added at a density of 5µg/cm². The plates were left overnight in a sterile culture hood for the solution to evaporate and then rinsed three times with HBSS.

The cultures were incubated for 72h at 37°C, 5% CO2 to reach a confluency of about 80% before commencing experimental incubations. After 72h, the cells were rinsed three times with HBSS and incubated in experimental serum-free test medium (TM) for 90min or 24h. The test medium was prepared with Minimum Essential Medium (MEM) supplemented with 2mM Lglutamine, 1% Penicillin/Streptomycin and an additional 8mM NaHCO3 to bring the pH of the medium to 7.4. For the cultures which were to be incubated with a 2.5mM Pi concentration to mimic hyperphosphataemia, the test medium was supplemented with a further 1.5mM

NaH2PO4.

• hTERT1 cell culture hTERT1 cells were cultured in DMEM:F12 supplemented with hTERT Immortalized RPTEC Growth Kit (ATCC ® ACS-4007 ™ ) containing 25 ng/mL Hydrocortisone, 3.5 µg/mL Ascorbic Acid, 8.65 ng/mL Sodium selenite, 5.0 µg/mL Transferrin, 5.0 µg/mL insulin, 5 pM Triiodo-L-thyronine, 25 ng/mL Prostaglandin E1, 10 ng/mL rhEGF and 1.2 mg/mL Sodium Bicarbonate.

For passaging, the cells at 95% confluence were rinsed with HBSS and incubated with 0.05% trypsin-EDTA at 37°C, under 5% CO2 for 10min. They were plated in 35mm wells with a splitting ratio of 1:3 by area. The cells were then incubated for 72h at 37°C, 5% CO2 to reach a confluency of about 80% before commencing experimental incubations.

After 72h the cells were rinsed three times with HBSS and incubated in experimental serumfree test medium (TM) for 90min or 24h, following the same protocol as for the HEK 293A cells.

• Preparation of the samples for protein assay and Pi assay

After experimental incubations, the test medium was collected for protein assay and microparticles analysis. The cells were rinsed 3 times in 0.9% w/v NaCl solution and scraped in 0.3M perchloric acid (PCA). After 30min on ice the samples were microcentrifuged at 13 000 rpm, 4°C for 10min. The supernatant was collected for Pi assay and 4.3M KOH/0.6M Imidazole was added until reaching a neutral pH (~pH 7 determined with Universal Indicator) to neutralize the PCA). This was done to prevent hydrolysis of cellular organic phosphates which would artifactually generate additional Pi. The protein pellet from the centrifugation was resuspended in 0.5M NaOH and stored for protein assay.

For the Test Medium protein assay, the test medium samples were centrifuged at 18000g for 30min. 90% of the supernatant were removed and the pellet was resuspended in 0.3M PCA.

The samples were centrifuged again as above and 90% of the supernatant were removed. The pellet containing the total protein from cell-derived particles in the test medium was resuspended in 0.5M NaOH.

• Folin Protein assay

The total protein concentration in particles from the test medium and in the cell monolayer was measured using a Folin protein assay [START_REF] Lowry | Protein measurement with the Folin phenol reagent[END_REF].

The cell extracts in 0.5M NaOH were heated at 70°C for 30 minutes. Eight bovine serum albumin protein standards were also prepared, with protein concentrations from 0 to 500µg/mL.

Cell monolayer extracts were diluted using 0.5M NaOHto achieve a concentration within the range of the calibration standards.

Folin solutions A and B [START_REF] Lowry | Protein measurement with the Folin phenol reagent[END_REF] were mixed with a ratio of 50:1 to make Folin C reagent. Ciocalteu reagent solution was made by diluting Folin Ciocalteu reagent (Sigma) into ultra-pure H2O with a ratio of 2:1. Reagent C was added to each sample. After 10 min, Ciocalteu reagent was added, with a reagent C/Ciocalteu ratio of 10:1. After 30min, the absorbance was measured at a 650nm wavelength.

• Pi assay

The protocol for selective assay of Pi in cell extracts without interference from cellular organic phosphates such as ATP was made as described previously [START_REF] Kemp | 32P-labelling anomalies in human erythrocytes. Is there more than one pool of cellular Pi? In[END_REF]. The neutralized cell extracts were microcentrifuged at 13000rpm and 4°C for 1 min to sediment the potassium perchlorate precipitate and the supernatant was collected.

Ultrapure H2O and acidified molybdate [START_REF] Kemp | 32P-labelling anomalies in human erythrocytes. Is there more than one pool of cellular Pi? In[END_REF] were added to the samples of cell extract supernatant to form a phosphomolybdate complex from the cellular Pi. An isobutanol/ petroleum ether (IBPE) mixture was then immediately added. IBPE is an organic solvent used here to selectively extract the phosphomolybdate complex before artefactual degradation of organic phosphates to Pi can occur in the sample. The samples were vortexed for 30 seconds and then centrifuged to separate the organic and the aqueous phases. The organic phase containing the Pi complex was collected and absolute ethanol was added to dilute the complex. Then the complex was reduced by adding 4% w/v SnCl2 in 0.5M HCl to reduce the extracted phosphomolybdate and produce a blue color. The absorbance was measured at a 750 nm wavelength.

• Nanosight Nanoparticle Tracking Analysis

The test medium samples were centrifuged at 1500g for 20min. 90% of the supernatant containing the MPs were collected. The pellet containing the bigger cell debris was discarded.

Then the supernatant was centrifuged at 18000g for 30min and 90% of the supernatant were removed. The pellet containing the extracellular vesicle (EV) fraction was re-suspended in MP buffer (145mM NaCl, 2.7mM KCl and 10mM pH 7.4 Hepes) and centrifuged again at 18000g for 30min. 90% of the supernatant were removed and analyzed as a negative control and the pellet was re-suspended in MP buffer and used to assess the EV content of the test medium.

This preparation was analyzed with a NanoSight LM10 analyser (http://www.malvern.com/en/products/product-range/nanosight-range/nanosight-lm10/default.aspx?gclid=CMjh2IzMhtQCFcew7QodLBIFgw) using NTA software v2.2 and 90s videos from the samples were recorded. The total particles in the samples were counted, as well as the microparticle fraction in the size range between 100 and 1000nm.

The number of microparticles measured in the controls was subtracted from the number obtained in the experimental samples.

• EAhy 926 cell culture

EAhy 926 cells were cultured in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% v/v FBS, 2mM L-Glutamine, 1% penicillin/streptomycin and 1% w/v phenol red, at 37°C under 5% CO2. For passaging, they were rinsed with Hank's Balanced Salt Solution (HBSS) and incubated with 0.05% trypsin-EDTA at 37°C, 5% CO2 for 5min. Then they were plated in 35mm wells at a density of 25 x 10 4 cells/well. They were incubated for 72h at 37°C, 5% CO2 to reach a confluency of about 80%.

After 72h the cells were rinsed three times with HBSS and incubated in experimental serumfree test medium (TM) for 90min or 24h, following the same protocol as for the HEK 293 cells and the hTERT1 cells.

• Preparation of the samples for immunoblotting (Western Blot)

After incubation the Test Medium was removed. The cells were rinsed 3 times in 0.9% w/v NaClsolution. The cells were scraped in lysis buffer (10mM pH 7.4 β-glycerophosphate, 1mM

EDTA, 1mM EGTA, 50mM pH 7.5 Tris-HCl, 1mM sodium orthovanadate, 1mM benzamidine, 0.2mM phenylmethylsulfonyl fluoride (PMSF), 1µg/mL pepstatin A, 1µg/mL leupeptin hemisulphate, 0.1% β-mercaptoethanol, 1% volume/volume Triton X-100, 50mM sodium fluoride).

After 30min on ice the samples were microcentrifuged at 13 000 rpm, 4°C for 10min. The supernatant was collected for Western Blots.

• Western blot

A protein assay was conducted on the cell monolayer extracts to determine the total quantity of protein in each sample, following the RCDC TM Protein assay Biorad protocol. A volume corresponding to 20µg of proteins was collected from each sample and diluted in the same volume of sample buffer (0.5M pH 6.8 Tris-HCl, 10% SDS, glycerol, β-mercaptoethanol, 2% bromophenol blue). The samples were heated at 95°C for 5min and loaded onto an SDS-page 12.5% gel. Electrophoresis was performed at 200V for about 40min to separate the proteins on the gels. Then the proteins were transferred using a BioRad wet transfer cell at 100V for 1 hour to transfer the proteins from the gel to a nitrocellulose membrane. The membrane was rinsed and a blocker (5% skimmed milk in Tween/Tris Saline Buffer or TTBS) was applied for 30min.

The membrane was rinsed three times with TTBS and the primary antibody was applied overnight at 4°C. The antibody used was an anti VE-Cadherin rabbit antibody, diluted 1:1000 in TTBS. Then the membrane was washed three times 10min with TTBS and incubated for 2 hours at room temperature with an HRP-conjugated goat anti-rabbit secondary antibody, with a dilution of 1:1500. The membrane was rinsed three times for 10min each with TTBS and an Enhanced Chemiluminescence Reagent was applied to the membrane followed by reading of the chemiluminescence intensity with a Chemidoc Touch photoimager (Biorad). Image quantification was performed using Image Lab 5.2.1 software.

For the loading control, the same membrane was incubated in stripping buffer for 30min at 50°C and rinsed three times for 15min. Then the same protocol as for the VE-Cadherin was followed, but the primary antibody used was an anti β-actin mouse antibody diluted 1:10 000 in TTBS. The secondary antibody was an HRP-conjugated rabbit anti-mouse antibody diluted 1:1500 in TTBS.

• Statistical analysis

Statistical analysis was performed using Prism 7 software. The normality of the data was checked with the D'Agostino-Pearson normality test and a One-way ANOVA (combined with Sidak's post hoc test) was applied for multiple comparison tests. The results are displayed as mean +/-SEM. The results were considered statistically significant when the p value < 0.05.

Results

• Morphological observation of HEK 293A cells and hTERT1 cells after 90min and 24h incubation in 1mM or 2.5mM Pi

As a preliminary study, the morphology of the cells was observed at each time point to determine if a visible effect of Pi could be seen. No morphological change was observed in the HEK 293A cell morphology due to Pi concentration (Fig. 1). After 24h of incubation, a slight retraction of the cells was observed for cells incubated with 1mM and 2.5mM of Pi. This effect is probably due to a longer incubation in test medium, which contains less nutrients than normal growth medium and no serum. (Removal of serum was necessary because small particles of denatured protein from the serum would have interfered with later measurements of sedimentable particles derived from the cells). Similarly no morphological change can be observed in the hTERT1 cells monolayer after incubation with 1mM Pi or 2.5mM Pi (Fig. 2). • High Pi concentration does not impact the total protein concentration of the HEK

293A cells and the hTERT1 renal cells

The total protein content of the cell monolayer was measured in HEK 293A cells and hTERT1 cells at the end of the 90 min or 24h experimental incubations. Exposure to 1mM or 2.5mM of Pi does not seem to influence the total protein concentration of the cell monolayer (Fig. 3). Although a small decrease can be observed for the HEK cells exposed to high Pi concentration (Fig. 3A), the results do not reach statistical significance, and this tendency was not observed for the hTERT1 cells (Fig. 3B). No significant effect of the time of exposure can be observed either. The same experiment as for the HEK 293A cells was performed to obtain the protein concentration. Analysis was performed with a 1-way ANOVA (p value = 0.774). n = 2, 6 replicate wells per condition in each experiment.

• High Pi concentration seems to increase the release of sedimentable particles containing proteins HEK 293A cells were incubated with 1mM or 2.5mM Pi in the culture medium for 90 min or 24h, and the protein content of sedimentable particles in the culture medium was measured by Folin protein assay (Fig. 4A). Analysis of Variance (ANOVA) performed on the whole data set detected no statistically significant effect of raising the Pi concentration. However, it was noted that most of the variance in the data set was in the t = 24h data. When the analysis was confined to the t=90 min data, a statistically significant effect of Pi loading was observed (unpaired t test, p value= 0.0062). This apparent effect of Pi did not arise because of variation in the mass of cells in the culture wells. As explained above, when total protein remaining in the cell monolayer at the end of the experiment was measured, no significant effect of the Pi concentration in the medium was detected (Fig 3A).

The same experiment was performed on hTERT1 cells (Fig. 4B). No statistically significant difference was observed at t=90min, but a statistically significant effect was detected after 24h of incubation. As for the HEK 293A cells, the effect was not due to a variation in the mass of cells in the culture well (Fig. 3B). The protein concentration was obtained by Folin protein assay on test medium particles extract, as for the HEK 293A cells. Analysis was performed with a 1-way ANOVA followed by a multiple comparison test (ns pvalue = 0.4803; * pvalue = 0.0109). n = 2, 6 replicates well per condition and experiment.

• Incubation in high Pi medium increases the intracellular Pi content of HEK293 cells and hTERT1 cells

To determine whether a rise in the Pi concentration in the cells might be the signal for the apparent effect of Pi in Fig 4, the Pi content of the cell monolayer was measured and, in 90 min incubations was shown to increase in cultures with 2.5mM Pi in the medium, for both HEK cells (Fig. 5A) and hTERT1 cells (Fig. 5B). • Incubation in high Pi medium increases the release of exosome size EVs in HEK

293A cells

When the particles in the medium were examined by Nanoparticle Tracking Analysis (NTA), it was found that 90 min of incubation with 2.5mM Pi led to a significant increase in the total particle output over the size range detected by the NTA analyser (i.e. ~10 -1000nm) (Fig. 6A). However, this effect at 90 min did not reach statistical significance when the analysis was confined to the MP size range of 100 -1000nm (Fig. 6B), suggesting that a significant contribution to the effect in figure 6A may have arisen from particles smaller than 100nm.

Indeed, the same tendency was observed when the analysis was confined to exosome size range particles (<100nm) (Fig. 6C). The size of the particles detected showed no significant dependence on the Pi concentration, although there was some (statistically insignificant) tendency for the size to increase in particles that had been incubated for 90 min with 2.5mM Pi (Fig. 6D). although there was some (statistically insignificant) tendency for the particle number to increase in the MP size range. Again, an apparent tendency of particle size to increase after 90 min in 2.5mM Pi medium was seen but did not reach statistical significance (Fig. 7D), even though a general increase of size was observed after 24h incubation for both 1mM and 2.5mM Pi. 

• Pi concentration does not impact CD144 expression in EAhy 926 cells

To determine whether 2.5mM Pi has any significant effect on expression of a key adhesion molecule, expression of CD144 in EAhy926 endothelial cells was examined by immunoblotting and subjected to densitometry which was expressed relative to a 42kDa β-Actin loading control.

In spite of an apparent increase in CD144 expression at 24h in some cultures with 2.5mM Pi, this response was very variable and did not reach statistical significance when repeated on 4 independent experiments (Fig 8A andB). 

Discussion

Several important effects of Pi have been detected through this study, supporting the hypothesis that Pi could have an impact on renal cells, in particular in terms of EVs release.

• Intracellular Pi concentration increase could modify intracellular signalling pathways Pi seems to increase intracellular Pi concentration, an effect that seems to be independent of variations in the mass of the cell monolayer. [START_REF] Abbasian | Hyperphosphatemia, Phosphoprotein Phosphatases, and Microparticle Release in Vascular Endothelial Cells[END_REF] showed that Na-dependent Pit1 transporters were mostly responsible for the entry of Pi in EAhy 926 cells.

In renal tubular cells, three families of sodium-dependant transporters are responsible for Pi regulation: Npt2a and Npt2c transporters from the SLC34 gene family, and Pit2 transporter [START_REF] Lederer | Renal phosphate transporters: In : Current Opinion in Nephrology and Hypertension[END_REF]. An increase in intracellular Pi concentration has been shown to provoke an increase in reactive oxygen species (ROS) production [START_REF] Shuto | Dietary Phosphorus Acutely Impairs Endothelial Function[END_REF]. Moreover, Pi inhibited intracellular phosphoprotein phosphatase in EAhy 926 cells, thus disturbing protein phosphorylation pathways.

The impact of hyperphosphataemia on phosphorylation could be either positive or

negative. An increase in the phosphorylation of phosphorylation-activated proteins could occur.

On the other hand, an increase in the phosphorylation of kinases inhibiting phosphorylation site would eventually cause a lowering of phosphorylation of targeted proteins. In particular, it would disturb the phosphorylation of tropomyosin, which would increase the production of EVs, as described in the introduction [START_REF] Abbasian | Hyperphosphatemia, Phosphoprotein Phosphatases, and Microparticle Release in Vascular Endothelial Cells[END_REF]. In normal conditions, tropomyosin is activated by phosphorylation Death Associated Protein kinase 1 (DAPk1) [START_REF] Houle | DAP kinase mediates the phosphorylation of tropomyosin-1 downstream of the ERK pathway, which regulates the formation of stress fibers in response to oxidative stress[END_REF]. However, phosphorylation of DAPk1 is observed when phosphoprotein phosphatases are inhibited by Pi. Such phosphorylation inhibits DAPk1 which cannot activate the tropomyosin [START_REF] Abbasian | Hyperphosphatemia, Phosphoprotein Phosphatases, and Microparticle Release in Vascular Endothelial Cells[END_REF]. Therefore, the overall consequences on the cell pathways are hard to establish; however it would induce a form of cellular stress fostering the formation of EVs. Similar mechanisms could exist in renal cells, and could be the aim of future experiments.

• Increase in release of extracellular vesicles due to high Pi concentration could cause damage to renal cells Secondly, the results support the hypothesis that Pi could increase the release of EVs. Such increase has been observed in this study for HEK 293A cells. It was not clearly observed for MP size extracellular vesicles (between 100nm and 1000nm) but for exosome-size vesicles (>100nm). These observations are consistent with studies that show an important presence of exosomes in urine [START_REF] Beltrami | Stabilization of Urinary MicroRNAs by Association with Exosomes and Argonaute 2 Protein[END_REF][START_REF] Keller | CD24 is a marker of exosomes secreted into urine and amniotic fluid[END_REF]. A more precise identification of these vesicles could be done by looking at their composition e.g. by flow cytometry or by isolation and immunoblotting, as the size only is not enough to distinguish between microparticles and exosomes ( [START_REF] Van Der Pol | Classification, Functions, and Clinical Relevance of Extracellular Vesicles[END_REF].

EVs released from tubular cells might cause damage to the renal epithelium. They carry micro-RNAs (miRNAs) that could impact renal tubular cell functions in a paracrine manner. Renal tubular cells exposed to urinary exosomes showed modifications in their metabolic pathways.

They can internalize exosomes carrying miRNA that can impact, for example, potassium channel ROMK and kinases SGK1 and WNK1 level [START_REF] Gracia | Urinary Exosomes Contain MicroRNAs Capable of Paracrine Modulation of Tubular Transporters in Kidney[END_REF]. Furthermore, MPs could play a role in the induction of apoptosis. It has been shown that endothelial MPs express caspase 3, which is involved in the induction of the apoptosis pathway (Abid [START_REF] Hussein | Cell-derived microparticles contain caspase 3 in vitro and in vivo[END_REF]. Therefore, an increase in EVs release could promote the progression of CKD by damaging the cells at more distal sites in the renal tubules and impairing the tubular function of the kidney.

EVs could be used in future experiments as markers for Pi-induced renal damage. In vivo experiments could analyse urinary EV release in normal and high Pi diet. This could give more insights on the Pi-dependence of the progression of the disease in humans.

• Pi does not seem to impact the expression of total CD144 but could modify the expression of cell surface CD144

Finally, the effect of phosphate on a key adhesion molecule, CD144, was investigated. The experiment did not detect any significant effect on the expression of this molecule. However, in this experiment the total cell CD144 was measured, both intracellular and extracellular. Other experiments have shown a decrease in CD144 in adherent EAhy cell monolayer coupled with an increase in CD144 in EVs [START_REF] Abbasian | Hyperphosphatemia, Phosphoprotein Phosphatases, and Microparticle Release in Vascular Endothelial Cells[END_REF]. These data seem to indicate that variations in cell-surface CD144 could be observed.

  expliquer cette différence et provenir d'autres mécanismes. Par exemple, une modification de l'expression de certaines molécules d'adhésion pourrait causer ce genre de phénomène. Ainsi l'expression d'une molécule d'adhésion, la VE-Cadhérine ou CD144, a été étudiée. Cette cadhérine joue un rôle fondamental dans le maintien de l'endothélium et la liaison cellule-cellule. Son expression a été étudiée dans les cellules EAhy 926, une lignée de cellules endothéliales exprimant fortement CD144, par immunoblot. Les cellules EAhy ont suivi le même traitement que décrit précédemment pour les cellules HEK 293A et hTERT1. L'expression de CD144 a été mesurée par analyse densitométrique et la β-actine a été utilisée comme contrôle de charge. Mais aucune modification significative de l'expression de la cadhérine 144 n'a été observée sous l'effet d'une forte concentration de Pi. Cependant, l'expérience portait sur la mesure totale de la VE-Cadhérine. Il est possible que les variations ne portent que sur la cadhérine à la surface des cellules.
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Figure 1 :

 1 Figure 1 : HEK 293 cells morphology after 90min or 24h of incubation in Test Medium not supplemented and supplemented with Pi. Pictures taken from culture wells after indicated times of incubation. Inverted phase contrast microscope, x10.

Figure 2 :

 2 Figure 2 : hTERT1 cells morphology after 90min or 24h of incubation in Test Medium not supplemented and supplemented with Pi. Pictures taken from culture wells after indicated times of incubation. Inverted phase contrast microscope, x10.

Figure 3 :

 3 Figure 3 : Total cell monolayer protein concentration of HEK 293 cells and hTERT1 cells exposed to 1mM or 2.5mM of Pi for 90min or 24h. (A) Effects of the Pi concentration and the time of incubation on the total protein of HEK 293A cell monolayer. The protein concentration was obtained by Folin protein assay on the cell monolayer extract. Statistical analysis was performed with a 1-way ANOVA (p value = 0.827). The results are pooled from n=3 independent experiments with 6 replicate wells for each condition in experiment. (B) Effects of the Pi concentration and the time of incubation on the total protein of hTERT1 cells.The same experiment as for the HEK 293A cells was performed to obtain the protein concentration. Analysis was performed with a 1-way ANOVA (p value = 0.774). n = 2, 6 replicate wells per condition in each experiment.

Figure 4 :

 4 Figure 4 : protein concentration of sedimentable particles in 1mM and 2.5mM test medium after 90min and 24h incubation. (A) Protein concentration of HEK 293A cell test medium. The protein concentration was obtained by Folin protein assay on sedimented test medium particles. They were obtained by centrifuging twice the test medium at 18000g for 30 min (see Methods). Statistical analysis: see main text. n = 3, 6 replicate wells per condition in each experiment. (B) Protein concentration of hTERT1 cell test medium. The protein concentration was obtained by Folin protein assay on test medium particles extract, as for the HEK 293A cells. Analysis was performed with a 1-way ANOVA followed by a multiple comparison test (ns pvalue = 0.4803; * pvalue = 0.0109). n = 2, 6 replicates well per condition and experiment.

Figure 5 :

 5 Figure 5 : intracellular Pi concentration of HEK 293A cells and hTERT1 cells. (A) Pi content of HEK 293A cells. The results were obtained by Pi assay on HEK 293A cell monolayers. Analysis was performed with a 1-way ANOVA followed by a multiple comparison test (* pvalue = 0.0111; ns pvalue = 0.4933). n = 3, 6 replicates well per condition and experiment. (B) Pi concentration of hTERT1 cells. The results were obtained by Pi assay hTERT1 cell monolayer. Analysis was performed with a 1-way ANOVA followed by a multiple comparison test (** pvalue = 0.0012; ns pvalue = 0.2061). n = 2, 6 replicates well per condition and experiment.

Figure 6 :

 6 Figure 6 : Analysis of HEK 293A cells extracellular vesicle release. The analysis was performed using Nanoparticle Tracking Analysis. The samples were obtained by centrifuging test medium three times (see Methods). n = 3, 6 replicates well per condition in each experiment. (A) Total number of EVs released. Analysis was performed with a 1-way ANOVA followed by a multiple comparison test (* pvalue = 0.0133; ns pvalue = 0.9988). (B) Number of EVs in MP size range (100nm to 1000nm). (At 90 min ns pvalue = 0.1051; at 24h ns pvalue

Figure 7 :

 7 Figure 7 : Analysis of hTERT1 cells extracellular vesicle release. The analysis was performed using Nanoparticle Tracking Analysis. The samples were obtained by centrifuging test medium three times (see Methods). n = 2, 6 replicates well per condition and experiment. (A) Total number of EVs released. Analysis was performed with a 1-way ANOVA followed by a multiple comparison test (at 90 min ns pvalue = 0.8044; at 24h ns pvalue = 0.8503). (B) Number of EVs in MP size range (100nm to 1000nm). (at 90 min ns pvalue = 0.2935; at 24h ns pvalue = 0.9491). (C) Number of EVs in exosome size range (< 100nm). (at 90 min ns pvalue = 0.9977; at 24h ns pvalue = 0.5430). (D) Mean size of EVs. (at 90 min ns pvalue = 0.4766; at 24h ns pvalue = 0.3665).

Figure 8 :

 8 Figure 8 : expression of CD144 in EAhy 926 cells after 90min or 24h incubation in 1mM or 2.5mM Pi. (A) CD144 immunoblotting and β-actin loading control. Images obtained by reading of the chemiluminescence intensity. (B) Image densitometry quantification. The CD144 densitometry was normalized with the β-actin densitometry and the CD144/ β-actin intensity ratio is plotted here. Analysis was performed with a 1-way ANOVA (pvalue = 0.4314). n = 4, 6 replicates well per condition in each experiment.

•

  Incubation in high Pi medium increases the intracellular Pi content of HEK293 cells and hTERT1 cells .................................................................................................................

• Incubation in high Pi medium increases the release of exosome size EVs in HEK 293A cells

  ....................................................................................................................................... • Pi concentration does not impact CD144 expression in EAhy 926 cells ...................... Discussion ................................................................................................................................ References ................................................................................................................................

	• Intracellular Pi concentration increase could modify intracellular signalling pathways
	18
	• Increase in release of extracellular vesicles due to high Pi concentration could cause
	damage to renal cells ............................................................................................................
	• Pi does not seem to impact the expression of total CD144 but could modify the
	expression of cell surface CD144 .........................................................................................

Acknowledgements

First and foremost, I would like to thank Pr. Alan Bevington for accepting me for this project and welcoming me in his team. He was very involved in this project and it was a pleasure to work in the Bevington's lab.

I would also like to thank Dr. Nima Abbasian for supervising my project and helping me with my experiments.

Finally I would like to thank all the team in the renal group: Ziyad Aldosari, Abdullah Alruwaili, Antoine Maresca, Dr. Patricia Higgins, Dr. Emma Watson, Sonal Modhwadia, Tom Sullivan, Zahraa Al-Isawi, Violeta Diez Beltran, Soteris Xenophontos. It was great to work with you, and chat during lunch or tea break ! Special thanks to Jeremy Brown for his help day-to-day and for helping me find my marks in the lab.

Abbreviations

However, these experiments have been conducted on non-renal i.e. endothelial cells. It could be interesting in future experiments to study the effect of Pi on key adhesion molecules of renal tubular cells, and on more renal-specific adhesion molecules in particular.

A good candidate for such study would be cadherin 24. Cadherin 24 is a type II cadherin that exists in two forms: a long and a short isoform. The short isoform can be found in most tissues, but the long isoform can only be found in brain, kidney, lung, pancreas, and placental tissues [START_REF] Katafiasz | Characterization of Cadherin-24, a Novel Alternatively Spliced Type II Cadherin[END_REF]. As it is specific to only a few tissues, the long isoform of cadherin 24 could be used to study effects on renal adhesion molecules. Moreover, this molecule is expressed in both renal tubular cells and in renal podocytes, and has been used as a marker of urinary exosomes [START_REF] Keller | CD24 is a marker of exosomes secreted into urine and amniotic fluid[END_REF]. Therefore, this molecule could also be used to identify EVs in future experiments. Abstract : Chronic kidney disease is a global health issue that can cause or aggravate several conditions, especially cardiovascular disease. One sign is an increase in blood inorganic phosphate (Pi), or hyperphosphataemia. Effects of hyperphosphataemia on endothelial cells have been investigated, and the role of hyperphosphataemia on cardiovascular diseases has been emphasized, as Pi increases the release of procoagulant extracellular vesicles (EV). However, such effects have not been investigated on renal cells yet. HEK 293A cells and hTERT1 renal tubular cells have been incubated with 1mM Pi or 2.5mM Pi for 90min and 24h. Effects of Pi loading on intracellular Pi concentration, cell monolayer protein concentration and EV release have been studied. Incubation with 2.5mM Pi caused an increase in intracellular Pi concentration and in exosome-size EV release. If similar events occur in vivo, such induction of EV release could cause damage to the renal epithelium and be responsible for the progression of the disease. Pi effects on a key adhesion protein, CD144 or VE-Cadherin, were also studied in EAhy 926 endothelial cells.

No effect on the total CD144 expression has been noted, however an effect on cell surface CD144 has yet to be investigated.

Mots-clés: Néphropathie chronique, phosphate inorganique, hyperphosphatémie, cellules hTERT1, cellules HEK 293A, cellules EAhy926, CD144, vésicules extracellulaires