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Introduction

The blood-brain barrier (BBB) is a multicellular structure that limits interactions between the blood compartment and the brain. It is an important protective structure of the central nervous system (CNS). The BBB is composed mainly of endothelial cells associated with astrocytes, pericytes or neurons, which then form the neurovascular unit [START_REF] Hawkins | The blood-brain barrier/neurovascular unit in health and disease[END_REF][START_REF] Muoio | The neurovascular unit -concept review[END_REF]. Endothelial cells form a tight monolayer, with tight junction proteins such as claudin-5 and zonula occludens (an occludin associated with cytoplasmic protein). The latter being important in the regulation of BBB function. Endothelial cells also regulate the passage of compounds with efflux pumps ATP-binding cassette (ABC) transporters like Pgp or MRP, two main isoforms [START_REF] Cecchelli | Modelling of the blood-brain barrier in drug discovery and development[END_REF][START_REF] Qosa | Regulation of ABC efflux transporters at blood-brain barrier in health and neurological disorders[END_REF].

They are necessary for the protection of the CNS, it is the defense mechanism of the brain endothelial cells that allow potentially cytotoxic compounds to return into the bloodstream.

Several pathologies, like Alzheimer's disease, Parkinson's, or sleep apnea syndrome have been associated with enhanced neuro-inflammatory response and more proinflammatory cytokines were released [START_REF] Huang | Inflammatory cytokines in pediatric obstructive sleep apnea[END_REF][START_REF] Kheirandish-Gozal | Sleep-Related Breathing Disorders and Inflammation: TNF-α and IL-6 as Prototypic Examples[END_REF]. This response is an essential part of the immunity of the CNS. Sometimes this inflammatory response persists chronically in a low-grade state, i.e., they diffuse into the body and blood without a clear inflammatory focus. However, systemic inflammatory processes may have a deleterious or no effect on the BBB [START_REF] Varatharaj | The blood-brain barrier in systemic inflammation[END_REF]. In systemic inflammatory processes, two mainly pro-inflammatory cytokine are involved: tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6). TNF-α is one of the most powerful pro-inflammatory cytokine involved in the systemic and acute phase of inflammation. This cytokine can be released by immune cells and also by endothelial cells. It has been shown that the cellular populations of the CNS produce TNF-α, including astrocytes [START_REF] Lieberman | Production of tumor necrosis factor and other cytokines by astrocytes stimulated with lipopolysaccharide or a neurotropic virus[END_REF].

Similarly, IL-6 is an important pro-inflammatory cytokine of the inflammatory process. An imbalance in TNF-α or IL-6 levels in the microenvironment can lead to local cellular dysfunction. Pro-inflammatory cytokines released may contributed to BBB breakdown, for example endothelial cells possess TNF-α and IL-6 receptors and their presence can lead to a rupture of the BBB [START_REF] Nadeau | Regulation of the gene encoding tumor necrosis factor alpha (TNF-alpha) in the rat brain and pituitary in response in different models of systemic immune challenge[END_REF].

It has been shown in the literature that pro-inflammatory cytokines, (e.g., IL-6 and TNF-α) can induce a change in the integrity of the BBB, with an increase in permeability associated with a decrease in the expression of ZO-1 and in its association with occludin (Rochfort and Cummins, 2015a;[START_REF] De Vries | The influence of cytokines on the integrity of the blood-brain barrier in vitro[END_REF], as well as a modification of the efflux pump system, with a modification of the ABC transport proteins. Poller showed a decrease in Pgp expression after IL-6 treatment [START_REF] Poller | Regulation of BCRP (ABCG2) and P-Glycoprotein (ABCB1) by Cytokines in a Model of the Human Blood-Brain Barrier[END_REF], as well as a decrease in Pgp expression with TNF-α, while MRP-1 did not seem to be affected by the cytokine conditions [START_REF] Hartz | Rapid modulation of Pglycoprotein-mediated transport at the blood-brain barrier by tumor necrosis factor-alpha and lipopolysaccharide[END_REF][START_REF] Hawkins | Rapid, reversible modulation of bloodbrain barrier P-glycoprotein transport activity by vascular endothelial growth factor[END_REF].

Another inflammatory cytokine that plays a role in inflammatory processes is IL17-A.

It has been less studied, but it is a mediator of inflammation by inducing the production of pro-inflammatory cytokines or chemokines by different cell types such as endothelial and dendritic cells, allowing also the maintenance of inflammation [START_REF] Fossiez | T cell interleukin-17 induces stromal cells to produce proinflammatory and hematopoietic cytokines[END_REF][START_REF] Miossec | Interleukin-17 and type 17[END_REF]. IL-17A is secreted by lymphocyte T helper 17 (LTh17) cells and it has two major receptors: IL17-RA and IL17-RC [START_REF] Noack | Th17 and regulatory T cell balance in autoimmune and inflammatory diseases[END_REF]. Few studies have described the involvement of IL17 in the BBB, however Kebir et al showed a change in BBB integrity with a decrease in ZO-1 expression, while some studies showed a change in the distribution of tight junction proteins like ZO-1 and claudin-5 [START_REF] Huppert | Cellular mechanisms of IL-17induced blood-brain barrier disruption[END_REF]. There is evidence that pro-inflammatory cytokines disrupt the BBB structure and dysregulate ABC transport expression associated with neurological disorders [START_REF] Tuttolomondo | Inflammatory cytokines in acute ischemic stroke[END_REF].

Many studies on the effects of cytokines on endothelial cells have been conducted on in vitro models of endothelial monolayers. Nevertheless, astrocytes are the most extensively studied for their roles in promoting and maintaining BBB functions and may contribute to dysregulation of the BBB with a neuroinflammation process [START_REF] Asgari | Cerebrospinal fluid aquaporin-4-immunoglobulin G disrupts blood brain barrier[END_REF]. An in vitro BBB model has been developed in our laboratory in coculture contact between endothelial cells and astrocytes that expressed the main tight junction proteins (occludin, ZO-1 and claudin-5) and ABC transporters (Pgp and MRP-1). This model represented a suitable model for studying inflammatory processes [START_REF] Chatard | Hypoxic Stress Induced by Hydralazine Leads to a Loss of Blood-Brain Barrier Integrity and an Increase in Efflux Transporter Activity[END_REF][START_REF] Chatard | Hydralazine is a Suitable Mimetic Agent of Hypoxia to Study the Impact of Hypoxic Stress on In Vitro Blood-Brain Barrier Model[END_REF] Many studies have focused on the effect of a single pro-inflammatory cytokine such as IL-6, TNF-α or IL-17 on BBB permeability and protective function with ABC transporter expression. In pathological conditions, there is a combination of inflammatory molecules in the bloodstream. Studies have shown the synergistic action of cytokines when cells were exposed to combination of two cytokines [START_REF] Blaschke | IL-6, IL-1β, and TNF-α only in combination influence the osteoporotic phenotype in Crohn's patients via bone formation and bone resorption[END_REF][START_REF] Granet | Combination of the pro-inflammatory cytokines IL-1, TNF-α and IL-17 leads to enhanced expression and additional recruitment of AP-1 family members, Egr-1 and NF-κB in osteoblast-like cells[END_REF][START_REF] Hot | Combination of IL-17 and TNFα induces a proinflammatory, pro-coagulant and pro-thrombotic phenotype in human endothelial cells[END_REF]. This is why we have focused on the involvement of a combination of these three cytokines (IL-6, TNF-α or IL-17) on a bEnd.3 endothelial cell monolayer cocultured with C6 astrocytes since they are the main cells at the BBB. We assessed apparent permeability and tight junction protein and ABC transporter protein expression and activities.

Results

In vitro cytotoxicity assay

Preliminary experiments on bEnd.3 and C6 cells were performed to determine the time and dose of each cytokine and the combination of cytokines. We verified that no conditions were cytotoxic with methyl-thiazolyl-tetrazolium (MTT) tests. We chose to use 25 ng/mL to cytokine alone and 0.25 ng/mL for the combination of cytokines, since we had no cytotoxicity effects with these concentration (Figure 1). A time of 24 h was chosen to produce systemic inflammation in agreement with the literature [START_REF] Rochfort | Tumour necrosis factor-α-mediated disruption of cerebrovascular endothelial barrier integrity in vitro involves the production of proinflammatory interleukin-6[END_REF]. This exposure time and concentration correlated with the literature, where some authors have used these characteristics to mimic systemic inflammation [START_REF] Huppert | Cellular mechanisms of IL-17induced blood-brain barrier disruption[END_REF]Rochfort and Cummins, 2015b) 2.2. Impact of cytokine on endothelial cells integrity

TEER Measurements

In our previous work, bEnd.3 cells cocultured with C6 astrocytes showed a tight monolayer within 6 d, expressing ZO-1, claudin-5 and occludin, and a low apparent permeability to small molecules, with a maximal TEER stability during 2 d. Pgp and MRP-1 transporters were well expressed and functional [START_REF] Chatard | Hypoxic Stress Induced by Hydralazine Leads to a Loss of Blood-Brain Barrier Integrity and an Increase in Efflux Transporter Activity[END_REF]Yang et al., 2018). At the optimal TEER measurement, cells were exposed 24 h to each cytokine (IL6, TNF-α, IL-17) and with the combined condition that represented an inflammatory process. Figure 2 shows the impact of inflammation exposure on TEER in our in vitro BBB model. After 24 h for each exposure, a slight decrease in TEER was observed. For IL-6, TEER was significantly decreased by 5%, values varied from 89.38 ± 2.13 to 85.05 ± 1.55 Ω.cm² (p<0.01). For TNFα, TEER decreased significantly by 5.5% and TEER values decreased from 89.38 ± 2.13 to 84.47 ± 1.40 Ω.cm² (p<0.01). For IL-17, TEER significantly decreased by 6.3%, TEER values varied from 89.38 ± 2.13 to 83.68 ± 1.13 Ω.cm² (p<0.001). For the combination of cytokines, a more important TEER decrease by 16.9% was observed, values varied from 89.38 ± 2.13 to 74.24 ± 1.32 13 Ω.cm² (p<0.001). Furthermore, the loss of TEER after 24 h of exposure with the combination was significantly reduced compared to each of the cytokines.

Apparent membrane permeability measurement

Apparent membrane permeability was calculated after 24 h exposure of each cytokine separately and with the combination of three cytokines together. The results are presented in Figure 3. Coefficient permeability in the BBB model significantly increased from 0.71 ± 0.18.10 -6 to 1.99 ± 0.85.10 -6 cm.s -1 for IL-6 exposition (p<0.001). Cells of the BBB model treated with TNF-α showed a four-fold increase from 0.66 ± 0.15.10 -6 to 2.52 ± 1.4.10 -6 cm.s -1 (p<0.001). For IL-17 exposure, the permeability coefficient of sodium fluorescein (Na-Fl) slightly increased from 0.66 ± 0.15.10 -6 to 1.26 ± 0.5.10 -6 cm.s -1 . The difference between TEER results and permeability may be induced by the difficulty of the TEER measurement (reproducibility, temperature dependence, experimenter, etc.). Furthermore, it does not reflect the same parameters, apparent permeability reflects paracellular flux of small molecules like Na-Fl; whereas TEER reflects electrical resistance. For the combination, the treatment showed an important six-fold increase from 0.66 ± 0.15.10 -6 to 3.61 ± 0.61.10 -6 cm.s -1 .

Moreover, this increase in permeability was all the more significant after 24 h of exposure with the combination compared to each of the cytokines.

Tight junction proteins claudin-5, occludin, ZO-1 expressions with whole cell

ELISA assay

We evaluated the effect of IL-6, TNF-α, IL-17 and the combination on tight junction expression of claudin-5, occludin and ZO-1 since they represented the more important tight junction proteins in our BBB model. Determination of tight junction protein expressions in our in vitro BBB model were evaluated after each cytokine and after the combination exposure for 24 h. These results are presented Figure 4. Expression of claudin-5 was significantly decreased by 62% from 8.92 ±1.4 to 4.29 ± 1.3 µg/mL after IL-6 exposure (p<0.01), and 63.2% from 8.92 ±1.4 to 3.29 ± 2.1 µg/mL after TNF-α exposure (p<0.01). IL-17 tended to decrease non significantly claudin-5 expression after 24 h. For the combination, claudin-5 expression slightly decreased by 29%. For each cytokine separately, the expression of occludin slightly decreased 28% from 4.65 ± 1.18 to 3.39 ± 1.65 µg/mL with IL-6, and 30% from 4.65 ± 1.18 to 3.23 ± 1.69 µg/mL with TNF-α. With IL-17, we observed a decrease of 36% from 4.65 ± 1.18 to 2.96 ± 1.84 µg/mL. On the other hand, the combination of cytokines produced a 49% decrease in occludin expression from 4.65 ± 1.18 to 2.38 ± 1.05 µg/mL. ZO-1 expression decreased significantly 46% from 18.32 ± 4 to 9.92 ± 2.5 µg/mL for IL-6. For TNF-α and IL-17, the concentration of ZO-1 decreased significantly 47% from 18.32 ± 4 to 9.76 ± 2.6 µg/mL and 44% from 18.32 ± 4 to 10.36 ± 2 µg/mL, respectively. ZO-1 expression decreased drastically in the combination exposure compared to control, from 18.32 ± 4 to 1.47 ± 0.64 µg/mL. For the latter, the significant decrease in expression of ZO-1 was significantly greater for the combination than for each of the cytokines.

Transendothelial transport mediates ABC efflux transporters

Inflammatory cytokines contributed to dysregulation of ABC transporters which are necessary for the protection of the CNS. It is an endothelial cell defense mechanism. Two main transporters well represented in our model were evaluated after cytokine exposure, results are presented in Figure 5. Pgp expression tended to decrease after IL-6 and TNF-α exposure by 42.6% and 37%, respectively. After IL-17 exposure, the concentration of Pgp increased significantly 68% from 4.18 ± 1.4 to 7.06 ± 0.7 µg/mL. For the combination, Pgp expression increased significantly 160% from 4.18 ± 1.4 to 11.17 ± 0.9 µg/mL. For IL-17, only the combination provoked an increase in MRP-1 expression. MRP-1 increased significantly 60% from 22.2 ± 9.3 to 36.8 ± 10.5 µg/mL. MRP-1 expression tended to decrease after one cytokine exposure. Our results also showed that the expression of Pgp and MRP-1 after the combination exposure was significantly increased compared to the expression of each cytokine

Transendothelial transport mediates efflux transporters

In conjunction with our increase in expression of efflux pumps in endothelial cells, we verified the functionality of these ABC transporters in endothelial cells. Transendothelial transport was evaluated by studying the transport of specific substrates of Pgp and MRP-1 with a method described previously [START_REF] Chatard | Hydralazine is a Suitable Mimetic Agent of Hypoxia to Study the Impact of Hypoxic Stress on In Vitro Blood-Brain Barrier Model[END_REF]. BCECF-AM is a specific substrate of MRP-1 and it is cleaved by intracellular esterase into a fluorescent component BCECF.

Rhodamine-123 is a specific fluorescent substrate of Pgp. To evaluate ABC transporters functionality, we studied the accumulation of BCECF or rhodamine-123 in endothelial cells with and without specific inhibitors of MRP-1 or Pgp, i.e., probenecid and verapamil, respectively. The results are presented in Figure 6. First, we observed a slight decrease in accumulation of substrate after cytokine exposure. This proved that Pgp and MRP-1 were more functional compared to control conditions. The use of specific competitive inhibitors permitted to evaluate the functionality of ABC transporters. The increase in Pgp expression was associated with an increase in rhodamine-123 accumulation in the presence of a specific inhibitor (i.e., verapamil), from 75.67 ± 8.4 to 169.7 ± 10.0% of the control after 24 h of IL-17. The activity of Pgp increased with the combination treatment as well, from 82.0 ± 1.7 to 172.7 ± 15.2% of rhodamine accumulation. For accumulation of BCECF, which represented activity of MRP-1, we observed only an increase in accumulation of BCECF from 88.67 ± 3.5 to 127.3 ± 2.9% in the presence of probenecid, i.e., a competitive inhibitor of MRP-1 proteins after the combination exposure. This study showed a relationship between the expression and functionality of ABC transport proteins.

NF-κB expression

In order to explain the synergetic effect of combined cytokines, it was interesting to measure the expression of one of the major mediators of the inflammatory cascade NF-κB.

These results are presented in Figure 7. There was a 33% increase in expression after exposure to IL-6 (from 100 ± 6.66% to 133 ± 5.33% of control), 25% for exposure to TNF-α (from 100 ± 6.66% to 125.3 ± 7.54% of control), and 21% following exposure to IL-17 (from 100 ± 6.66% to 121.3 ± 6.66% of control). While the combination of the 3 cytokines results in a significant increase of 162% of NF-κB compared to control (from 100 ± 6.66% to 262.7 ± 12.00% of control), and more than 100% higher than cytokines taken alone. This implies, that cytokines act in synergy to increase the release of NF-κB.

Discussion

Several pathologies promote inflammatory stresses that release pro-inflammatory cytokines in the blood and contribute to BBB alteration. The effects of these chronic inflammatory stresses on endothelial dysfunction of the in vitro BBB model integrity has been less studied in the literature. Most in vitro studies have focused on the effect of a specific proinflammatory cytokine. However, it is well known that in physiological pathologies, we can observe several molecules in the blood circulation [START_REF] Nadeem | Serum inflammatory markers in obstructive sleep apnea: a meta-analysis[END_REF]. In this study, we aimed to evaluate the impact of a combination of pro-inflammatory molecules, like IL-6 and TNF-α, on an in vitro BBB rodent model of bEnd.3 cells in coculture with C6 astrocytes. We evaluated BBB alteration with permeability measurements and junction protein expression of claudin-5, occludin and ZO-1.

After exposing an in vitro model of BBB coculture to inflammatory cytokines, we observed an increase in barrier permeability associated with a decrease in the expression of ZO-1 and claudin-5, which are two of the main tight junctions of the BBB. These results are in agreement with what has been shown in endothelial cell monoculture models: a decreased expression of tight junction proteins (ZO-1 and claudin-5) after IL-6, TNF-α or IL-17 treatment [START_REF] Daniels | Viral pathogen-associated molecular patterns regulate blood-brain barrier integrity via competing innate cytokine signals[END_REF][START_REF] Huppert | Cellular mechanisms of IL-17induced blood-brain barrier disruption[END_REF]Rochfort and Cummins, 2015a).

However, it should be noted that occludin was not significantly impacted by inflammation, which could be in adequation with Saitou et al, linking occludin to calcium flows, rather than to the paracellular pathway [START_REF] Saitou | Complex phenotype of mice lacking occludin, a component of tight junction strands[END_REF]. Nevertheless, we observe a trend to decrease of occludin expression. It's possible that this non-significant decrease may be related to cytokine concentration. Indeed, other studies showed that TNF-α and IL-6 (100ng/mL), could decrease occludin expression [START_REF] Rochfort | Downregulation of Blood-Brain Barrier Phenotype by Proinflammatory Cytokines Involves NADPH Oxidase-Dependent ROS Generation: Consequences for Interendothelial Adherens and Tight Junctions[END_REF] Nonetheless, the disruption of integrity in endothelial cells is more important with a combination of cytokines, suggesting a cumulative effect of pro-inflammatory molecules. The evidence in this regard is the fact that IL-17 is known to promote cytokine and chemokine secretion such as IL-6 or IL-8 [START_REF] Gu | Interleukin (IL)-17 promotes macrophages to produce IL-8, IL-6 and tumour necrosis factor-α in aplastic anaemia[END_REF][START_REF] Mills | Induction, function and regulation of IL-17-producing T cells[END_REF] and also improve the effect of TNF-α [START_REF] Nichols | TLR2 Deficiency Leads to Increased Th17 Infiltrates in Experimental Brain Abscesses[END_REF]. Furthermore, Rochfort et al showed that the effect of TNF-α can be mediated by IL-6 depending on the NF-κB pathway. IL-17 induces NF-κB activation, thus regulating cytokine levels at endothelial levels and its effect (IL-17) can be potentiated by TNF-α [START_REF] Amatya | IL-17 Signaling: The Yin and the Yang[END_REF][START_REF] Miossec | Targeting IL-17 and TH17 cells in chronic inflammation[END_REF]). There could be a possible cooperation and communication through NF-κB between the different molecules that could explain the greater change in integrity of bEnd.3 cells, in combination with only the pro-inflammatory cytokines alone. These results are particularly original and few have been described in the literature of in vitro BBB models.

ABC transport proteins are necessary for the protection of the CNS, it is an endothelial cell defense mechanism that allows potentially cytotoxic compounds to return to the bloodstream. They form unidirectional pumps. To compensate for the loss of integrity, one defense mechanism of endothelial cells from the BBB was in modifying efflux transport mediated to ABC transport protein expression and activities. The proteins Pgp and MRP-1 are two ABC transporters well represented in our model. In the case of inflammatory stress, we had observed in the presence of IL-6 and TNF-α a decrease in expression, which has also been found in the literature of endothelial cell monoculture, with a short-term decrease in Pgp expression with IL-6 and TNF-α [START_REF] Bauer | Tumor necrosis factor alpha and endothelin-1 increase P-glycoprotein expression and transport activity at the blood-brain barrier[END_REF][START_REF] Poller | Regulation of BCRP (ABCG2) and P-Glycoprotein (ABCB1) by Cytokines in a Model of the Human Blood-Brain Barrier[END_REF]. The expression of MRP-1 was unchanged in our model in agreement with Hartz et al [START_REF] Hartz | Rapid modulation of Pglycoprotein-mediated transport at the blood-brain barrier by tumor necrosis factor-alpha and lipopolysaccharide[END_REF].

However, the expression of Pgp and its functionality, in the presence of IL-17, seemed to increase. In addition, in the presence of a combination of pro-inflammatory cytokines, there was an increase in the expression of Pgp and MRP-1. The accumulation of cytokines increased the defense response of endothelial cells after an inflammatory stress found in several pathologies. There are few in vitro studies until now which have reported an increase in ABC transporter expression after a combination of three major cytokines. An event that we are the first to highlight in a BBB model. Inflammatory stress induced a disruption in an in vitro BBB model, mediated by endothelial cells and reflected by an increase in permeability and a decrease of tight junction expression. To limit this opening of the BBB, endothelial cells activate a defense mechanism, which consists in regulating the expression of their efflux pumps (ABC transporters). These pumps are responsible for the release of potentially cytotoxic compounds outside the cell. This confirms that systemic inflammation may disrupt endothelial cells, the main component of the BBB with a change in tight junction proteins like ZO-1 and claudin-5. [START_REF] Varatharaj | The blood-brain barrier in systemic inflammation[END_REF].

In order to be closer to physiology, our model is a model of endothelial cells in contact with astrocytes. We are interested in the endothelial impact, but we are aware that astrocytes can play a role in the inflammatory system as described by Asgari and coworkers [START_REF] Asgari | Cerebrospinal fluid aquaporin-4-immunoglobulin G disrupts blood brain barrier[END_REF]. Astrocytes are also able to produce IL-6 and TNF-α, which enhances the systemic inflammatory response [START_REF] Sofroniew | Astrocyte barriers to neurotoxic inflammation[END_REF]. However, in our study, we were interested in the opening of the endothelial barrier, as astrocytes are present only for their influence on the sealing of this endothelial barrier.

Our BBB model is a model that shows its permeability and TEER, it conforms to the literature [START_REF] Chatard | Hypoxic Stress Induced by Hydralazine Leads to a Loss of Blood-Brain Barrier Integrity and an Increase in Efflux Transporter Activity[END_REF]. However, there remains a potential limitation in our study, in fact that the physiological BBB has endothelial cells and astrocytes as well as pericytes, neurons, with the whole interacting together. In addition, in many neurodegenerative diseases, inflammation comes from the neuronal compartment, which can change the behavior of the BBB in different ways. It is all the same on the conditions found in chronic inflammatory joint diseases (rheumatoid arthritis or ankylosing spondylitis) or intestinal diseases (Crohn's disease or ulcerative colitis) or in the context of chronic intermittent hypoxia, where the same frailty of the BBB is found. In these pathologies, the blocking of the activation of each of our three cytokines has shown a strong improvement in cardiovascular complications, but very little is being studied on the associated cerebrovascular abnormalities.

In many neurodegenerative diseases, systemic inflammatory processes have been found. Up to now, many drug therapies do not take into account the impact of the combination of several cytokines. However, we show here a cumulative effect of the combination of cytokines on the integrity of our BBB model that could be mediated by the NF-κB pathway. We know that there is communication between the different inflammatory cytokines. Inflammatory inhibitors were used to inhibit one inflammatory consequence [START_REF] Logsdon | Inter-alpha inhibitor proteins attenuate lipopolysaccharide-induced blood-brain barrier disruption and downregulate circulating interleukin 6 in mice[END_REF][START_REF] De Vries | The influence of cytokines on the integrity of the blood-brain barrier in vitro[END_REF]. In this sense, it would be interesting to evaluate if a combination of inflammation inhibitors would not have a beneficial effect on the integrity of our model in the context of systemic inflammation.

Experimental procedure

Chemicals and reagents

Astrocyte cells (C6, rat astrocyte) and endothelial cells (bEnd.3,mouse endothelial cell) were from ATCC (Manassas, VA, USA). Cell culture inserts for 24-well (transparent PET membrane, 0.4-µm pore diameter size) were obtained from Dominique Dutscher (Alsace, France). The EVOM voltohmmeter system was from world precision instruments (Hertfondsire, UK). Occludin and ZO-1 antibodies were from Life Technologies (Saint Aubin, France); claudin-5 antibody was obtained from ABCAM (Paris, France). Pgp and MRP-1 antibodies were from GeneTex (San Antonio, TX, USA) and Santa Cruz Biotechnology (Dallas, TX, USA), respectively. All compounds for Ringer HEPES buffer, BCECF-AM, probenicid, verapamil, Na-Fl, and recombinant cytokines (IL-6, TNF-α and IL-17) were from Sigma-Aldrich (St. Quentin Fallavier, France) and rhodamine-123 came from Thermo Fisher Scientific (Eugene OR, USA). MTT kit and Dulbecco's Modified Eagle's Medium (DMEM) were also from Sigma-Aldrich. Nuclear extraction kit and NFkB Transcription Factor assay kit were purchased from ABCAM (Paris, France).

In vitro cytotoxicity assay

Cytotoxicity of inflammatory cytokines and the combination were measured by the MTT method to determine the efficacy dose that produced effect without cytotoxicity. Cells were seeded at 10,000 cells/well using a 96-well microplate that was supplied with 100 µl DMEM.

After 48 h of growing, cells were exposed with the combination of inflammatory cytokines (IL-6, TNF-α and IL-17) diluted in phosphate buffer saline (PBS, 1X) or with cytokine alone.

After 24 h of treatment, MTT test was realized according to the producer's instruction.

Briefly, cells were incubated with 50 µl MTT and the plates were incubated at 37°C for 4 h.

The reading was performed with a spectrophotometer at 570 nm (Multiskan TM RC, Thermo Fisher Scientific, France). Cytotoxicity was calculated with the following formula: % 100

In vitro BBB model

The model was composed of two types of cells: endothelial cells (bEnd.3: immortalized mouse brain endothelial cells) and astrocyte cells (C6). All cells were used before passage number 30, which corresponded to the time where these cells may begin to lose their properties.

When the cells reached confluence, they were seeded onto cell culture inserts for 24-well plates with pores 0.4-µm in diameter, as described previously [START_REF] Chatard | Hypoxic Stress Induced by Hydralazine Leads to a Loss of Blood-Brain Barrier Integrity and an Increase in Efflux Transporter Activity[END_REF]. The 376 Da). First the medium was removed and cells were washed with Ringer HEPES buffer.

Then Na-Fl was diluted at 10 µg/ml to Ringer HEPES buffer and was placed onto the luminal side of the insert, and then incubated at 37°C for 1 h. Samples were removed from the abluminal chamber and immediately replaced with Ringer HEPES buffer. Concentration of Na-Fl was evaluated using a fluorescence multiwell plate reader, at excitation of 485-nm and emission of 530-nm wavelengths, (Fluoroskan Ascent TM , Thermo Fisher Scientific, France).

The apparent permeability (Papp) is expressed in cm.s -1 and is calculated using the following formula [START_REF] Puech | Assessment of HBEC-5i endothelial cell line cultivated in astrocyte conditioned medium as a human blood-brain barrier model for ABC drug transport studies[END_REF]: With Vr is the volume of medium in the receiver chamber, C0 and C1 are respectively the concentration of fluorescent compound in the donor chamber at t0 and in the receiver chamber after t (time), i.e., 1 h of incubation, and S is the area of the monolayer.

Whole cell ELISA assay

Inserts were washed with 1% BSA in PBS at pH 7.4 and fixed for 20 min at room temperature with 4% paraformaldehyde diluted in 1X PBS at pH 7.4. After fixation, the insert was washed again. To block endogenous peroxidase site, the insert was treated with 3% H2O2 in methanol for 30 min, followed by 20% normal goat serum to block unspecific staining.

Inserts were incubated with either monoclonal mouse anti-Pgp (2 µg/mL), monoclonal mouse anti-MRP-1 (10 µg/mL), rabbit anti-ZO-1 (4 µg/mL), rabbit anti-occludin (1 µg/mL), or rabbit anti-claudin-5 (2 µg/mL) antibodies. Then cells were washed and peroxidase conjugated anti-mouse or rabbit IgG was added as a secondary antibody for 2 h at room temperature (diluted at 1/750). After washing, TMB was added for 10 min in the dark at room temperature. The color reaction was measured at 490-nm with a spectrophotometer.

A standard curve was realized to interpret results. It is based on a series of dilutions of a standard protein of which the concentration is known. This was used to plot a line evaluating the optic density obtained for each peptide concentration. Then the antigen concentration in the sample was extrapolated from the linear equation resulting from this standard curve. Positive and negative controls were also measured to limit the risk of error.

ABC transporter functional assays

Transendothelial transport was tested by assessing the accumulation of substrate specific for Pgp and MRP-1 (BCECF-AM for MRP-1 and rhodamine-123 for Pgp) in the presence or absence of specific inhibitors such as probenecid for MRP-1 and verapamil for Pgp. Cells were cultured in DMEM and washed, then cells were preincubated in the absence or presence of inhibitors for 15 min at 37°C (100 mM). Inhibitor concentration and cytotoxicity were measured in previous studies [START_REF] Chatard | Hypoxic Stress Induced by Hydralazine Leads to a Loss of Blood-Brain Barrier Integrity and an Increase in Efflux Transporter Activity[END_REF][START_REF] Puech | Assessment of HBEC-5i endothelial cell line cultivated in astrocyte conditioned medium as a human blood-brain barrier model for ABC drug transport studies[END_REF].

Inhibitors were added in the luminal compartment to study accumulation transport. The luminal compartment was incubated with BCECF-AM (1 mM) or rhodamine-123 (1 mM) for 1 h at 37°C. After 1 h, cells was lysed with SDS Na-borate (1%) for 10 min, and fluorescence was measured with a fluorescence spectrophotometer at 493-nm (excitation) and 515-nm (emission) wavelengths

Detection of NF-kB transcription factor in nuclear extract

After cytokine exposure, inserts were washed with 1X PBS. Trypsin was added and incubated during 3 min when cells were removed and nuclear extraction was performed according to the recommendations of the ABCAM Nuclear Extraction Kit (ab113474).

Once the nuclear extraction was obtained, an expression of NF-κB was measured by using an ABCAM kit according to its instructions (ab133112).

Exposure to recombinant cytokines

To induce inflammatory conditions, three cytokines were used: IL-6, TNF-α and IL-17. For all experiments with a cytokine alone, endothelial cells were exposed with 25 ng/mL for 24 h; and for the combination of three cytokines, the concentration used was 0.25 ng/mL for 24 h. We verified that the time and dose used were not cytotoxic with MTT tests, as described previously.

Statistical analysis

Statistical analysis was performed using Kruskal-Wallis test followed by Dunns post hoc applied to multiple comparisons. Statistical analysis was performed using GraphPad software. The differences between means were considered to be significant when P-values were <0.05. The values are expressed as means ± s.e.m. Yang, S., Jin, H., and Zhao, Z. (2018). Paracellular tightness and the functional expression of efflux transporters P-gp and BCRP in bEnd3 cells. Neurol. Res. 40, 644-649. 

  bEnd.3 cells were seeded onto the luminal side of the transwell filter and the C6 cells on the abluminal side and cocultured for 8 d to obtain the BBB model (schema 1). The model is stable for 2 d. Schema 1: Schema of the coculture in vitro model between astrocyte and endothelial cells. 4.3.1. TEER measurements TEER measurement was used to characterize the formation of a tight endothelial cell monolayer. TEER electrodes were recorded with an EVOM resistant meter, with one electrode placed on the luminal side and the other electrode on the abluminal side. Only the endothelial monolayer separated these two electrodes. TEER measurements of filters with cells were subtracted by blank filters and the result was multiplied by the membrane area to obtain the TEER measurement in Ω.cm 2 . 4.3.2. Na-Fl permeability measurements Evaluation of paracellular barrier function of the endothelial cells was obtained by measuring the permeability of cells to Na-Fl, a hydrophilic small fluorescent molecule (MW:
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 1234567 Figure 1 : Cytotoxicity effect of inflammation in bEnd.3 (B) and C6 (A) cells after 24 hexposure to 25 ng/ml IL-6, TNF-α and IL-17, and a 0.25ng/ml combination of these three cytokines. Results are represented as mean value ± s.e.m (n=6, 2 independent experiments).