An improved in vitro Blood Brain Barrier model including primary neurons for Alzheimer disease high content screening
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INTRODUCTION
Alterations of the Blood-Brain Barrier (BBB) are likely involved in neurodegenerative diseases. The BBB is a dynamic interface that is not only responsive to vascular signals but also produces prostaglandins, nitric oxide, and cytokines that affect Central Nervous System (CNS) function through its
detoxification and anti-inflammatory capacities. Several studies argue that dysfunction of BBB contributes to AD. Faulty BBB clearance of A-beta (Aβ) has been proposed to be responsible, at least in part, for its brain accumulation that provokes glutamate release causing an exacerbated
activation of NMDA receptors on neurons, an increased calcium influx, altered mitochondrial function, oxidative stress, hyperphosphorylation of Tau protein, synapses loss and neuronal death [1];[2]. Glutamate clearance at the BBB is essential for protecting neurons from overstimulation of
glutaminergic receptors [3]. A consideration of the dynamic nature of the BBB, its dysfunction and the potential involvement of the peripheral compartment in neurodegenerative process may help to better understand the pathophysiology of CNS disease.

MATERIALS AND METHODS
Primary culture of rat cortical neurons
Cortices of rat fetuses at 15 days gestation were dissociated by trypsinisation for 20 min at 37°C. Cells
were then mechanically dissociated and centrifuged at 515 x g for 10 min at 4°C. Cells pellet was resuspended in complete Neurobasal, seeded at a density of 20 000 cells/well in 96 well plates
containing astrocytes and cultured at 37°C in a humidified air (95%)/CO2 (5%) atmosphere [4].
Primary culture of rat astrocytes
Cortices of neonatal Wistar rat brains were collected and dissociated by trypsinisation for 5 min at
37°C. Pellets containing dissociated cells were resuspended in DMEM supplemented with 10% FBS, 2%
of PS (GCM) and plate in 75 cm2 T-flask (T75). Medium was changed twice a week. At confluency, glial
cells were shacked with an orbital shaker during 24 hr at 37 °C in order to remove microglia.

Isolation, Purification of rat brain microvessels
Cortices from 5 weeks old Wistar rats were collected and dissociated in a dounce homogenizer. Tissus
suspension was digested by a solution of collagenase / dispase, DNase type I and gentamicin for 30 min
at 37 °C and separated by density at 3,600 g for 15 min. The upper disk and the supernatant were

collected and centrifuged again. The resulting pellet containing brain microvessels (MV) was digested
with the same enzymatic solution 1H at 37 °C. Digested MV were resuspended in DMEM/F12, 20%
bovine platelet poor plasma derived serum (B-PPP), basic fibroblast growth factor (bFGF), heparin (100
µg/ml), gentamicin (50 µg/ml), HEPES (2.5 mM) (ECM medium) puromycin (4 µg/ml). MV were seeded
in T75 flask pre-coated with collagen type IV and fibronectin. 3 days after, puromycin was set up at
2µg/mL and insulin, transferrin and sodium selenite were added in the medium to amplify rat brain
endothelial cells (RBEC).

Differenciation: Setting up the in vitro BBB model
Two days before astrocytes/cortical neurons co-culture, astrocytes were plated in GCM on a 96 wells
plate. Cortical neurons were seeded on astrocytes two days after. Astrocytes and cortical neurons were
cultured in supplemented Neurobasal (Nb). Three days before the tri-culture, RBEC were seeded on
filters (polyethylene, pore size 1.0 μm) pre-coated with a mix of collagen type IV and fibronectin in
ECM medium. The day of the tri-culture, RBEC filters were placed into the wells containing astrocytes
and cortical neurons. Medium of RBEC was supplemented by hydrocortisone at 0,5 µM.

Under these conditions, BBB in vitro models differentiate and express junction-related proteins within
3 days.

Intoxication and drug treatment
Glutamate intoxication was done 3 days after the beginning of the tri-culture at the desired
concentration during 20min at 37°C. BDNF or MK801 were pre-incubated 1H before the injury and let
in the medium during the following 24H.
Pe(LY) quantification, Imunolabeling and analyses
Cells were fixed by a solution of 4% paraformaldehyde, permeabilized and non-specific sites were
blocked with PBS containing 0.1% of saponin and 1% SVF. Cortical neurons were stained against
Microtubule Associated Protein (MAP2) and astrocytes against Glial Fibrillary Acidic Protein (GFAP).
Endothelial cells were labeled with anti ZO-1 and Claudin-5. These antibodies were revealed with a
combination of Alexa Fluor 488; 568 or 633 anti-mouse; rabbit or chicken. For neuron survival
quantification, for each condition 20 pictures per well were taken using InCell AnalyzerTM 2000 (GE
Healthcare). Pe(Ly) quantification was done as previously described [5].
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A: Scheme showing 96 wells plate format with their inserts used for in vitro BBB model settings. Cortical neurons and astrocytes are cultivated in the bottom of the well and endothelial cells
on inserts B: Flow chart of the BBB model. C: Images showing co-culture between cortical neurons (MAP2) and astrocytes (GFAP) in control condition (x20, scale bar: 100 µm). C: Confocal
images showing immunolabeling against ZO-1 and Claudin-5 of endothelial cell culture in control condition confirming the barrier integrity (x60, scale bar: 20 µm); PE<0,5 (data not shown).
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D: Western blot showing Glutamate Transporter 1 (GLT1) protein content in endothelial cells, astrocytes, co-cultured astrocytes – neurons
or tri-culture in control condition or after a glutamate intoxication. E: GLT1 protein is increased in astrocytes when cultivated in presence of
cortical neurons and there is a tendency to an increase after glutamate treatment. F: Confocal images showing immunolabeling against
GLT1 in RBEC (x60, scale bar: 20 µm) cultured alone or in presence of astrocytes and cortical neurons after a glutamate injury (40µM,
20min). G: Confocal images showing immunolabeling against GLT1 in astrocytes (x60, scale bar: 10 µm) in control condition or after
glutamate injury (40µM, 20min). H: GLT1 is increased in astrocytes after glutamate treatment (p<0,01, **). BDNF and MK801 are able to
rescue in a significant manner GLT1 protein level (*; p<0,05).

H
I: Images showing co-culture between cortical neurons and astrocytes in absence or presence of Glutamate 80µM (x20, scale bar: 100 µm) J-K: Glutamate is able to alter cortical neuron
survival in a significant and dose dependent manner that is rescued by BDNF or MK801 application L: Glutamate induces a decrease of neurite length and MK801 is able to prevent neurite
loss in a significant manner. M: Confocal images showing immunolabeling against ZO-1 and Claudin-5 of endothelial cell culture in absence or presence of Glutamate (x60, scale bar: 20
µm). N-O: Glutamate treatment (40µM or 80µM, 20min) does not alter barrier integrity. Data are expressed in percentage of control (mean  sem. * p<0.05; ** p<0.01; *** p<0.001;
Glutamate vs control ; one way Anova followed by Dunnett’s test).

CONCLUSION
The aims of this study were to set up an in vitro model of the BBB and to develop a robust and relevant model of Alzheimer disease in 96 wells plate for testing of neuroactive compounds. We were able to validate this cell model by immunolabeling and determination of barrier permeability. We
showed the responsiveness of our model to oxidative stress damage and its accurateness by using two reference compounds BDNF and MK801 that rescue induced cell death and decreased neurite length. In conclusion, this new BBB cell model based on three primary cultures of RBEC, cortical
neurons and astrocytes will allow us to evaluate therapeutic compounds on a more predictive and relevant model of the pathology and could be also extended to other kinds of intoxication as Aβ oligomers [6].
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