
Multiple

Brain Barriers

1. Blood-Brain 

Barrier: capillary

endothelium (between

blood and brain 

interstitial fluid)

3.  Blood-CSF Barrier: 

choroid plexus

epithelium (between

blood and and

ventricular CSF)

2. CSF-Meninges:

arachnoid epithelium

(between subarachnoid

CSF and dura 

mater/blood)

Saunders et al. 2008



The CSF is mainly secreted by choroid plexus epithelial cells



BloodðCSF barrier: choroid plexus epithelium

The choroid plexuses, found in the lateral, third and fourth ventricles of the brain, are epithelial 

tissue masses highly vascularized with fenestrated blood vessels. These structures constitute 

a transfer interface between blood and CSF in the ventricles of the brain. Approximately two 

thirds of this CSF is produced and secreted by the choroid plexus.

The choroid plexus provides:

a) a physical barrier to impede entrance of toxic metabolites to the brain

b) a ñbiochemicalò barrier that facilitates removal of moieties that circumvent this physical

barrier

c) buoyant physical protection by CSF itself

Mechanisms involved combine structural diffusion restraint between plexus epithelial cells

(tight junctions physical barrier) and specific exchange mechanisms across the interface

(enzymatic barrier).



The capillaries in the choroid plexus differ from those of the brain in that there is free 

movement of molecules across the endothelial cell through fenestrations and 

intercellular gaps. The bloodïCSF barrier is at the choroid plexus epithelial cells, 

which are joined together by tight junctions. Microvilli are present on the CSF-facing 

surface. These greatly increase the surface area of the apical membrane and may aid 

in fluid secretion. Diffusion, facilitated diffusion and active transport into CSF, as well 

as active transport of metabolites from CSF to blood, have been demonstrated in the 

choroid plexus. 

BloodïCSF barrier: choroid plexus epithelium



Already in the 19th century it 

was observed that molecules 

injected in the peripheral 

circulation do not enter the 

brain parenchimaé.. leading 

to the concept of the Blood 

Brain Barrier (BBB) 

CB

Discovery of the Blood

Brain Barrier (BBB)



Pituitary gland

Median eminence

Area postrema

Preoptic recess
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Pineal gland

Endothelium of the choroid plexus

Neuropeptides secretion to 
blood, chemosensitivity to 
monitor blood composition  

Presence of TJ between 
specialized ependymal cells in 
CVOs and astrocytic 
processes that isolate the 
CVOs from brain parenchyma

AREAS OF BRAIN WITHOUT A 
BLOOD- BRAIN BARRIER



Circumventricular 
organs have no BBB



The subarachnoid space 

contains blood vessels; small 

branches of these vessels 

penetrate the surface of the 

brain

Origin of 
cerebral 

capillaries



The Blood - Brain Barrier
capillary endothelium

- increased mitocondrial content

- lack of fenestrations

- minimal pinocytotic activity

- presence of Tight Junctions (TJ)

Åno paracellular transport

Åcontrolled transcellular transport

Hawkins et al., 2006



BBB is a physical barrier: 
molecular composition of 
endothelial tight junctions

Cellular and molecular organization of the BBB

Daneman et al., 2012



Pericytes





Brain uptake of blood-

circulating molecules

BBB is a selective 
transport barrier Permeability

Lipid solubility



Luminal and abluminal

membranes of 

endothelial cells express 

a number of transporters

and receptors

METABOLIC 
BARRIER



Wong et al., 2013
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Pathways across the BBB

Transport routes across the bloodςōǊŀƛƴ ōŀǊǊƛŜǊΦ tŀǘƘǿŀȅǎ άŀέ ǘƻ άŦέ ŀǊŜ ŎƻƳƳƻƴ ŦƻǊ ǎƻƭǳǘŜ 
ƳƻƭŜŎǳƭŜǎΤ ǘƘŜ ǊƻǳǘŜ άƎέ ƛƴǾƻƭǾŜǎ monocytes, macrophages and other immune cells and can be used 
for any drugs or drugs incorporated liposomesor nanoparticles.

almost
absent

very frequent
rare

Chen and Liu, 2012



Cecchelli et al., 2007BBB òin vitroó

m

http://www.jove.com/video/4022/generation-an-

immortalized-murine-brain-microvascular-endothelial



Bicker et al., 2014

European Journal of Pharmaceutics and Biopharmaceutics 87 (2014) 409ï432



Wong et al., 2013



In vitro BBB models: good or bad?



Hawkins & Davis, 2005

BBB is a dynamic structure

The óneurovascular unitô: microvascular endothelium, 

astrocytes, pericytes, neurons, and extracellular matrix



Interaction 
between endothelial 
cells and nearby 
cells can contribute 
to the properties 
of the BBB

Abbott et al., 2006







Abbott et al., 2006

BBB changesin pathologicalconditionsare mediatedby several
signallingmolecules

Disruptionin BBB integrity and concomitant
increasein BBB permeabilitycan bedue to
exposureof BBB to pro-inflammatorycytokines
TNF-ʰ and IL-1ʲΣ whichinducesexpressionof
matrixmetalloproteases(MMPs). Upregulation
and activationof MMPsdegradeendothelium
basementmembranes, disruptingBBB stability. 
Pro-inflammatorycytokinescan induce JAM-A 
sheddingfrom BCECs, althoughthis doesnot
necessarilycorrelate with a loss in BBB function
alone. CNS tumorsassociatedwith angiogenesis
can alsodisruptthe interactionbetween
astrocytesand BCECsand destabilizethe BBB to
enhancepermeability.



BBB brakedown in Multiple Sclerosis


