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Alzheimer’s disease (AD) affects mainly people over the age of 65 years. AD patients suffer from different clinical symptoms 
such as progressive decline in memory, thinking, language, and learning capacity. The toxic role of beta amyloid peptide 
(Aβ) has now shifted from insoluble Aβ fibrils to smaller, soluble oligomeric Aβ aggregates (AβO). 
Blood brain barrier (BBB) is a highly specialized region of the vascular tree and a tight sealed barrier between circulating 
blood and the CNS, and this arrangement preserves the integrity of the nervous system by limiting the passage of harmful 
substances and inflammatory cells into the brain. Various diseases such as brain tumors, epilepsy, Alzheimer’s disease 
(AD) disturb the BBB integrity leading to modify permeability of brain micro-vessels. Indeed, AD is not limited to neurons, 
as one of the earlier manifestations of the disease is abnormal cerebral microvessels (Biron et al. 2011). This cerebral 
microvascular pathology may promote other Aβ mediated pathologies including BBB disruption, or affect neuronal damage 
directly. Furthermore, BBB dysfunction induced by Aβ subsequently impairs vascular clearance of brain Aβ and increases 
influx of peripheral Aβ into the brain, thereby accelerating the accumulation of senile plaques formation (Pop et al. 2013). 
The brain microvascular endothelium is characterized by the presence of tight junctions (TJs) consisting of TJ scaffold proteins. 
The TJ between endothelial cells (ECs) is a metabolic and physical barrier that controls the transport of macromolecules 
through the BBB, which thus plays a key role in brain homeostasis. Previous studies have shown that abnormalities of TJ 
scaffold proteins significantly disrupt the physiological function of BBB in many CNS disorders. BBB dysfunction is a critical 
element of brain aging and neurodegenerative diseases such as AD, where BBB integrity is compromised as a consequence 
of the breakdown of EC-cell junctions (Carrano et al. 2011).
Here using to a complex triple cell co-culture model mimicking the BBB, we investigated detrimental BBB changes induced 
by the Aβ exposure to endothelial compartment. The importance of the AβO oligomers in the TJ damages and BBB leakage 
was also studied.
In parallel, the effect of AβO neuronal exposure on the BBB leakage was investigated. 

 Introduction

Model of Alzheimer’s disease
Culture of cortical neurons: Rat cortical neurons (E15) were cultured as described by Callizot et al., 2013. The cells 
were seeded at a density of 30,000 per well in 96-well plates pre-coated with poly-L-lysine and cultured at 37 °C in an air 
(95 %) - CO2 (5 %) incubator. Six wells were used per condition.

Model of BBB
Co-Culture of endothelial cells, astrocytes and primary cortical neurons (Xue et al., 2013 with modifications): On 
day 0, pure  strocytes were defrozen. Cells were seeded in the outer side of the insert membrane (PET, 1 µm, BD falcon) 
and were cultured at 37 °C in an air (95 %) - CO2 (5 %) incubator. After 36 h, HBMEC were defrozen. Cells were seeded 
in the inner side of the insert membrane (PET, 1 µm, BD falcon) and were cultured at 37 °C in an air (95 %) - CO2 (5 %) 
incubator (see figure below). 36 h after the HBMEC seeding (72 h after the seeding of astrocytes), the cortical neurons were 
seeded in the bottom pre-coated with poly-L-lysine and were cultured at 37 °C in an air (95 %) - CO2 (5 %) incubator. Aβ 
(different concentrations) was added on HBMEC cells (luminal compartment) and let for 15 h or 24 h at 37 °C or was added 
on cortical neurons (abluminal compartment) on day 11 of culture and let for 24 h.
Pharmacological treatments: The cortical neurons were treated with Aβ solution (20 µM of Aβ : 2 µM of AβO) after 11 
days of culture. The human Aβ1-42 preparation was done according to Callizot et al., 2013 and was dosed into AβO (using 
automatic WB). The HBMEC were exposed to Aβ (0,5, 1,25 and 2,5 µM : 50, 125 and 250 nM of AβO) for 15 h or 24 h.
Immunostaining: After 24 h of Aβ exposure, cells were fixed by a solution of ethanol (95 %) acetic acid (5 %). The cells 
were incubated with monoclonal anti-microtubule-associated-protein 2 (MAP-2). That was revealed with Alexa Fluor 488 goat 
anti-mouse IgG. The immuno-labelled cultures were examined with MetaXpress (Molecular Devices) at X 20 magnification. 
Survival of neuron was evaluated. After 15 h or 24 h Aβ exposure, HBMEC were fixed by a solution of ethanol (95 %) acetic 
acid (5 %) and staining using ZO-1 or occuldin. The HBMEC, astrocytes and neurons nuclei were staining using Hoechst 
treatment.
BBB permeability evaluation: A number of exogenous BBB tracers are available, and they can be used for functional and 
structural analysis of BBB permeability. In this study, we used one of the most commonly performed tracers, namely sodium 
fluorescein (Na-F, MW 376 Da) is one of the smallest markers (Kozler and Pokorný, 2003). The Na-F leakage assay was 
performed (Watanabe et al., 2013).
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15 h or 24 h after Aβ exposure: 
• NaF application (for 2 h): Permeability evaluation
• Cell viability (HBMEC, neurons and astrocytes
• ZO1, Occludin (TJs)

Aβ1-42 application

      Luminal application              Abluminal application

          neurons / astrocytes / microglia               neurons / astrocytes / microglia Cortical neurons
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Using an in vitro model with the main three types of primary cells involved 
in the neurovascular unit we have investigated the role of AβO1-42 into the 
leakage of the BBB. The role of the blood circulating peptide (mimicked with 
luminal procedure) and the effect of the oligomers present into the brain (direct 
neuronal application) was studied.

We have observed major changes of this model :
• After AβO HBMEC application, an increase of the leakage was seen  
 associated with a down regulation of TJs scaffold proteins. 
• By contrast, after AβO neuronal application, we showed a significant decrease  
 of permeability (within the 24 h after peptide application), 

Using a 3 cell types BBB model in pathological situation (amyloid exposure), 
we showed that the BBB features could be differently altered according to the 
localization of the AβO peptide (brain or blood).

Aβ1-42 treatment of the BBB model
increased permeability (Na-F leakage test)

Permeability of BBB after Aβ exposure: Aβ treatment 
(solution containing oligomers see WB) (15 h or 24 h) applied 
on HBMEC compartment increased the permeability. The 
permeability increased with time and concentration exposure. 
Results were shown as MEAN+/- SEM (n=5).

Occludin staining of HBMEC into BBB model: Control 
condition (a) showed the TJs, (b) after Aβ exposure 
(2,5 µM, 24 h), the number of TJs was decreased.

Aβ1-42 treatment decreased the 
expression of TJs proteins:
The levels of Occludin, ZO1 proteins 
were significatively decreased (WB 
evaluation) after 2,5 µM, 24 h.

Effect on BBB permeability after a Aβ neuronal injuries (evaluation 24 h 
after Aβ neuronal application): The permeability of Na-F was altered when 
neurons were injured by Aβ (20 µM ~2 µM AβO, 24 h). The permeability was 
significantly reduced (20 %).

Effect of Aβ1-42 (24 h, 20 µM) neuronal exposure 
on BBB permeability
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Neurotoxicity of Aβ1-42 exposure on cortical 
neurons (survival MAP-2) on BBB model

Aβ1-42 devoid of Oligomer treatment of the BBB model
does not change the permeability

Aβ1-42 treatment (24 h) of the BBB model
did not induced HBMEC death (Hoechst stain)
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