
The Blood-Brain Barrier

capillary endothelium

- increased mitocondrial content

- lack of fenestrations

- minimal pinocytotic activity

- presence of Tight Junctions (TJ)

• no paracellular transport

• controlled transcellular transport
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BBB is a physical barrier: 

molecular composition of 

endothelial tight junctions

Cellular and molecular organization of the BBB
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Pericytes
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BBB “in vitro”

https://www.jove.com/video/51278/setting-up-an-vitro-

model-rat-blood-brain-barrier-bbb-focus-on-bbb
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“in vitro”  BBB models Lauschker et al., 2017
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TEER = trans-endothelial electrical resistance, measured in Ohms (Ω) × cm2.

TEER is a quantitative measure of barrier integrity performed by applying a 

voltage across the cell monolayer, measuring resulting current, and calculating 

resistance using Ohm’s Law.

Kaisar et al., 2017
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Modeling Neurovascular Disorders with 

Human-Induced Pluripotent Stem Cells

Bosworth et al., 2018
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Dynamic in vitro 

BBB model

This model allows the use 

of co-cultures and creates 

intraluminal flow through 

artificial capillary-like

structural supports

Sivandzade & Cucullo, 2018
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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 

channels

METABOLIC 

BARRIER
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Pathways across the BBB

Transport routes across the blood–brain barrier. Pathways “a” to “f” are common for solute 
molecules; the route “g” involves monocytes, macrophages and other immune cells and can be used 
for any drugs or drugs incorporated liposomes or nanoparticles.

almost

absent

very frequent
rare

Chen and Liu, 2012
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CNS endothelial cells 

lack expression of 

leukocyte adhesion 

molecules (LAMs) such 

as E-selectin and Icam1. 

The lack of these luminal 

surface molecules 

prevents the entry of 

immune cells from the 

blood into the 

parenchyma, resulting in 

a paucity of immune cells 

in the brain microenviron-

ment. As a result, the 

healthy brain is 

‘immune privileged’, 

whereby introduced 

antigens do not elicit the 

development of adaptive 

immune responses 

The four fundamental properties of 

CNS endothelial cells that make BBB
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Normal BBB Pathological BBB
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Non-invasive techniques to deliver drugs to the brain

Zhang et al, 2016
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BBB transport 

mechanisms for brain 

delivery of 

nanoparticles

(NPs)
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The marriage between drug delivery and molecular imaging disciplines has resulted in a relatively 
new discipline, known as theranostics, which represents the basis of the concept of personalized 
medicine. Involves use of nanotechnology to assemble molecular platforms that simultaneously 
perform a therapeutic and diagnostic function.

it is common for theranostic agents to contain iron oxide particles for their in vivo detection using magnetic
resonance imaging, along with radioactive isotopes for detection using positron emission tomography or single 
photon emission computed tomography, and fluorescence probes, quantum dots, or bioluminescent probes for
detection using fluorescence or optical imaging techniques



Targeting of nanoparticles: new cell-surface
biomarkers are needed!


