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blood brain barrier (BBB)

Åwhat it is 

Åwhat it does

Åhow we need limit its disruption in disease

Å(how we can manipulate the BBB to enhance 
the selective delivery of therapeutic agents 
into the CNS)



BBB poorly developed 

in tumours

capillaries have increased permeability, 

fenestrated, lots of pinocytic vesicles, irregular 

basal membrane, pericytes

opening of TJs

expression of some TJ pr

is lost in GBM 

some tumours  massive up-regulation of AQP4 

(suppressed by dexamethasone)

vascular endothelial growth factor 

(VEGF) is abundant in brain tumours

promotes tumorigenesis and

neovascularisation, increases

vascular permeability/transcytosis/

opens TJs 

- Avastin (bevacizumab)



blood brain barrier (BBB)

Åpreserves central nervous system (CNS) 
homeostasis - protects CNS from toxins, 
pathogens, inflammatory cells, injury - important 
for neuronal function

Åit comprises endothelial cell (EC), pericyte, 
basement membrane, astrocytic foot processes    
(which connect with neurons and precapillary 
arterioles and coordinate cerebral blood flow 
with neuronal activity) 

Å+ neuron = neurovascular unit



ECs control

CBF

TXA2, PGs

ETs

NO, PgI2

EDHF

basement membrane



pericytes

Åderived from neural crest

Åon abluminalsurface of EC, embedded in vascular 
basement membrane ςlong processes form 
adhesions with EC (1:1-1:3) at discrete points

Åcontractile proteins, control capillary diameter, 
regulate CBF in response to neural activity, 
regulate angiogenesis, regulate immune cell 
infiltration, regulate formation of BBB and 
maintain function



Ålow paracellularpermeability: no fenestrations, more 
extensive tight junctions

Årestricts vesicle mediated transcellularmovement of 
solutes: sparse pinocytosis, limited endocytosis and transcytosis

Åmetabolizing enzymes for neuroactivecompounds

Åsuppressed low levels of leukocyte adhesions 
molecules

Åhigh expression of a wide range of transporters

Ålots of mitochondria ςgenerate ATP to drive ion 
gradients critical for transport functions

endothelial cell (EC)



transporters

Åoxygen, carbon dioxide diffuse freely across along 
concentration gradients
Ånutrients eg glucose, amino acids ςtransporters
Åreceptor mediated endocytosis ςhormones
Åefflux transporters for toxic small lipophilic 

molecules







BBB dysfunction

Åtumours
Åinfection
Åneuroinflammatory disorders
Åepilepsy
Åneurodegeneration
Åradiation
Åtraumatic brain injury
Åhypertensive encephalopathy
Åischaemic stroke
ÅICH including SAH
Åcontrast ςIV, IA

harmful molecules
vasogenic oedema
disruption of ion 
homeostasis
altered signaling
immune infiltration
neuronal 
dysregulation
degeneration

EC disruption



haemoglobin breakdown products

free radicals

thrombin, fibrin

Ironside et al, Stroke 2019



ICH ςpotential causes of BBB 
dysfunction

Åthrombin ςgenerated from prothrombin after 
ICH ςthrombin can cause BBB disruption-
mediated by protease activated receptors (PARs) 
phosphorylating Srckinases to induce endothelial 
disruption, vasogenicoedema

Åthrombin induces influx of leukocytes into brain 
and activates microglia

ÅPAR-1/Srcantagonists block BBB disruption in ICH

Åthrombin inhibitors reduce ICH related oedema


