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The blood brain barrier (BBB) is a dynamic
structural, physiological and biochemical
fortification that, in essence, protects the brain

by providing multiple layers of armour, preventing
systemic circulating molecules, solutes, and cells
from entering the brain. The BBB is responsive to
vascular and parenchyma signals and, in most cases,
successful in its duties. However, in several Central
Nervous System (CNS) diseases, including brain
tumours, the BBB is disorganised. Cancers that
metastasise to the brain are the most dreaded
complication of systemic cancer and are indicative of
morbidity and poor prognosis. It is estimated that
between 20% and 40% of patients with non-CNS
cancers will develop brain metastasis [reviewed in 1,
2]. Patients that are symptomatic can suffer from
impaired neurocognitive and neurological function
resulting from growth of the metastatic tumour which
leads to peritumoral oedema and displacement and
destruction of normal brain tissue. The quality of life
for these patients is greatly impacted and therefore
improvement of current therapeutic strategies which
include local control of tumour burden by surgery
and or irradiation is a major goal [reviewed in 1, 3-
5]. There is also great hope that novel and directed
targeted therapies will emerge to help improve the
prognosis for patients with brain metastasis [6-10]. 
While much is known about how the BBB protects

the brain through its paracellular barriers (e.g.
interendothelial junctions), trans-cellular barriers
(low level endocytosis) and efflux transporters, little
is known about the BBB and its involvement at the
latter stages of the metastatic cascade and the initial
stages of circulating tumour cells entering the brain.
How do circulating cancer cells enter the brain? Does
the BBB play an active role? While there has been
progress in the development of novel therapeutics
that have the potential to cross the BBB for treatment
once a secondary lesion is established, there is lack
of basic information that could aid in our under-
standing of how circulating cancer cells attach and
cross the BBB. In this brief review, the supporting
cells and structures that are critical for the mainte-
nance of the integrity of the BBB will be discussed
and recent advances in studies examining the inter-
actions of circulating cancer cells and the endothelial
cells of the BBB will be highlighted.
The primary barrier to the passage of compounds

from the blood to the brain are the brain capillary
endothelial cells, which regulate the permeability of
the BBB and display distinctive morphology,
including tight junctions between cells and dimin-
ished pinocytotic activity which help to restrict drugs
from crossing the BBB (Table 1). As mentioned
above, the BBB is the regulated interface between the
peripheral circulation and the CNS and plays an
important role in both the maintenance of normal
brain functions and the pathogenesis of many neuro-
logical conditions [11-13]. The BBB protects neural

tissue from toxic materials in the blood stream [14-
16]. It is also known to be a selective diffusion barrier
and is highly restrictive in the transport, of not only
molecules between the blood and the CNS [17,18]
but cells as well [19]. Regulation of water perme-
ability, ion concentrations, delivery of amino acids
and sugars, and prevention of exposure to circulating
immune cells and antibodies are governed by the
BBB [16].
Brain endothelial cells, astrocytes and pericytes,

primarily, form the ‘neurovascular unit’ of the BBB
[19,20]. Other cells of the neurovascular unit include
neurons [21] and microglia [22]. The BBB under
normal conditions is also made up of tight junctions
between vascular endothelial cells, which lack fenes-
trations, contributing to their ability to maintain a
tight barrier. This barrier is maintained by important
interactions between tightly apposed astrocytic end-
feet and the vascular endothelial cells [23]. 
The tight junction network of the BBB is a complex

pattern of transmembrane proteins including junc-
tional adhesion molecules (JAMs) and cytoplasmic
proteins associated with tight junctions [24-26]. Tight
junction proteins include occludin and claudins,
proteins which anchor plasma membranes of adja-
cent cells [27] and JAMs which are thought to play a
significant role in early phase close cell-cell contact
and in tight junction formation [28]. These trans-
membrane proteins are linked to cytoplasmic
proteins including Zonula Occludens proteins 1, 2
and 3 (ZO-1, ZO-2 and ZO-3) by the carboxy termini
of the transmembrane proteins [28]. Catenins and E-
cadherin are also involved in tight junctions.
Ultimately, these tight junctions play a critical role in
the BBB. Tight junctions are responsible for the polar-
isation of the cell and the separation of an apical from
a basal domain [29]. 
In addition to the cellular components, the

specialised extracellular matrix which is composed
of collagen IV, fibronectin, laminin, tenascin and
proteoglycans (perlecan and agrin) is also critical for
BBB function [30]. Laminin has been reported to be
essential for the assembly of the BM [31] and
laminin knockout mice result in embryonic death
[32]. Similar to laminin, collagen IV and fibronectin
affect the barrier properties of ECs and play an
important role in BM assembly [33]. Collagen IV
stabilises the BM by retaining laminin, nidogen and
perlecan [34]. It was shown that null mutation of
either fibronectin or collagen IV causes death of the
embryo due to impaired BM stability [35]. Agrin and
Perlecan are heparan sulphate proteoglycans [29].
Agrin, shown to accumulate in brain microvascular
basement membranes during development of the
BBB [36], participates in maintaining the integrity of
the BBB [36-38]. It is the major binding protein for
α-dystroglycan and is involved in anchoring brain
endothelial cells and astrocytes to the basement
membranes [39].
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It is thought that Agrin is critical for
polarity of astrocytes and the stabilisation of
astrocytic endfeet by its interactions with
the dystrophin-dystroglycan-complex and
the distribution of aquaporin-4 [40-42]. The
breakdown of this specific and physical
interaction of astrocytes and endothelial cell
is correlated with regions of MRI enhance-
ment in brain tumours [23]. Perlecan and its
effect on the BBB have been investigated in
stroke models but its involvement in brain
metastasis is currently not clear [43,44].
What has emerged in studies of basement
membrane ECM molecules and their recep-
tors (i.e. integrins) is that ECM molecules in
concert with proteolytic enzymes help
modulate the bioavailability of growth
factors and in turn play a major role in
signalling events that aids the BBB in main-
taining brain homeostasis. 
Recent in vivo real-time imaging revealed

key steps in the formation of melanoma
brain metastasis which involve: arrest at
vascular branch points, extravasation,
persistent close contacts to microvessels and
perivascular growth [45]. In a comprehen-
sive review, Valastyan and Weinburg (2011)
eloquently describe the hallmarks of metas-
tasis and what is important for this brief
review is their description of mechanisms in
which circulating cancer cells survive shear
stress, avoid immune surveillance and
anoikis, a type of cell death due to loss of
cell adherence [46]. It is thought that circu-
lating tumour cells express specific proteins

on the cell surface and these attract platelets
thereby preventing immune detection [46,
47]. Interestingly, shear forces can activate
signalling pathways that lead to increase in
proteins responsible for cell-cell adhesion
[reviewed in 47].
In physiological conditions the endothe-

lial barrier in the brain is so tight that it
restricts free passage of ions from one side
to the other, yet metastatic cells can enter
the brain through the BBB. There are two
types of cell entry through the BBB that
have been characterised (paracellular and
transcellular). The mechanisms of entry
will depend on cell type and most likely
involve cell signalling events, cytoskeletal
dynamics and mechanical and physical
interactions [48,49]. With improved in vivo
imaging techniques for experimental
studies, these processes will become better
defined [50]. Proteolytic processes are
thought to play a key role in the transcel-
lular migration of metastatic cells [51]. It is
likely that different cancer types and their
metastatic cells will differ in their mecha-
nisms for invading the brain. For example,
Fazakas and co-workers (2011) showed that
melanoma cells are able to disrupt inter-
endothelial junctions and to migrate
through the paracellular pathway [52]
whereas breast cancer cells are able to use
both para- and the transcellular transmigra-
tion routes [53]. Melanoma cells that cross
the BBB in vitro have been correlated with
melanotransferrin expression levels at their

cell surface [54]. Others have shown that
the invasive and migratory properties of
melanoma cells are supported by different
cell surface and adhesion molecules, prote-
olytic enzymes and signalling pathways
[52] which include cadherins [55] P-glyco-
protein [56] and the Rho-ROCK/Rac system
[57-59].
Determining molecular differences in

primary tumours that metastasise to the
brain and other organs has been and
continues to be a very active area of
research [10, 47]. Although few have
focused on differential gene expression in
regards to those proteins that may play a
major role in interacting with and crossing
the BBB, Massaqué and colleagues (2009)
have identified several genes that are
involved in cancer cells crossing the BBB
[60]. These may provide useful therapeutic
targets to prevent various forms of e.g.
breast and lung cancers from spreading to
the brain [reviewed in 61]. 
In this brief review, we aimed to provide

key information concerning the players that
assemble the BBB and how these interact in
concert to protect the brain. While there is a
great effort in understanding how therapeu-
tics can be designed to target brain metas-
tasis, there is a need to better understand
how circulating cancer cells attach and enter
the brain. We propose this will be a dynamic
process involving multiple signalling events,
and involving BBB cells and ECM
molecules. ■

Table 1. A partial list of Blood Brain Barrier cell types and molecules.

Cerebral endothelial cells Form tight junctions which seal the aqueous paracellular diffusional pathway between the cells. 
BBB permeability may be regulated by release of vasoactive peptides and other agents from cells associated 
with the endothelium.

Tight Junctions The tight junctional complex is composed of Occludin, Claudin 3 & 5. The barrier to diffusion and the high 
electrical resistance of the BBB appear to be mainly due to the properties of Claudin 3 & 5.
• The claudins associate and bind to each other across the intercellular cleft. 
• Occludin has similar associations across the cleft but does not form the restrictive pore to small ions.
The claudin and occludin are linked to the scaffolding proteins ZO-1, ZO-2 and ZO-3, and this are linked in turn 
via cingulin dimmers to the actin/myosin cytoskeletal system within the cell.

Adherens junctions They are found universally throughout the body’s vasculature and have a role in inducing cell polarity, mediating 
the adhesion of endothelial cells to each other and, like TJs, have a role in endothelial permeability. The main 
component found within AJs, which functions as a mediator of cell-cell adherence, is vascular endothelial 
(VE)-Cadherin. 

Pericytes Distributed discontinuously along the length of the cerebral capillaries and partially surround the endothelium.

Astrocytes Foot processes from astrocytes form a complex network surrounding the capillaries and this close cell association is 
important in induction and maintenance of the barrier properties.

Extracellular matrix The extracellular matrix (ECM) of the basal lamina involved in the BBB is relatively complex, featuring a range of 
collagens (e.g. collagen IV and I), fibronectin, laminin, thrombospondin and proteoglycans (Agrin and Perlecan) 
secreted from endothelial cells, astrocytes and pericytes.
Interactions of ECM proteins with cells influence various signaling pathways which result in an increased expression 
of the proteins involved in composing TJs.

Basement membrane Both the cerebral endothelial cells and the pericytes are enclosed by and contribute to the local basement 
membrane which forms a distinct perivascular extracellular matrix of the glial endfeet bounding the brain 
parenchyma.

Neurons Axonal projections from neurons onto arteriolar smooth muscle contain vasoactive neurotransmitters and peptides 
and regulate local cerebral blood.
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