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Introduction

Disorders of the central nervous system (CNS) have significant 
impact at both the individual and societal level. The steady increase 
in the mean age of the population, and the subsequent increase in 
incidence of age-related CNS disorders, has ultimately increased 
the value of the multi-billion-dollar industry of neurotherapeutics. 
Neurological healthcare in Europe alone is trending towards annual 
costings of $1 trillion dollars [1], with an estimated increase of 85% 
by 2030 [2]. These pressures make the development of effective 
treatments a high priority.

The main obstacle in the development of these therapies is the 
blood-brain barrier (BBB); a near-impenetrable, dynamic structure 
that regulates the bi-directional exchange of endogenous/
exogenous macromolecules, solutes, and fluids between the brain 
parenchyma and circulating blood of the cerebral microvasculature. 
The plethora of processes acting in unison, to maintain BBB integrity 
and preserving homeostasis of the neural cavity, are of huge clinical 
importance-in different pathological settings dysregulation of 
particular characteristics that protect and regulate the brain 
environment from foreign insult have been linked to the onset and 
development of neurological disorders, whilst remaining defences 
in each respective setting concurrently makes effective drug 
delivery to the brain and treatment of the disorder an incredibly 
difficult task [3]. 

Consequently, quantitative in vitro BBB penetration studies 
are becoming an increasingly integral part of drug discovery 
programs-an indication of the importance of such in the design 
and delivery strategies of prospective CNS directed therapies [4]. 
Oft preceding both animal and clinical studies, these preliminary 
precautionary measures have however significantly increased the 
drug-development timeline [5]. The development and introduction 
of better translational in vitro research models is therefore 
regarded as a priority to not only reduce the average time-line, but 
also reduce the prospective risks that are often encountered in the 
preclinical development of CNS therapies. 

As alluded to, the BBB presents a very sophisticated and unique 
behaviour and architecture, making its recapitulation one of the  

 
greatest current challenges in the therapeutic design field. The 
development of models has subsequently revolved around three 
fundamental aspects: 

(i) Suitable BBB cell types 

(ii) Three-dimensional multicellular modelling of the 
neurovascular unit and

(iii) Integration of hemodynamic forces. 

In its most basic form, and the most commonly used BBB 
model, particularly for permeability-orientated studies, is the cell 
type that embodies the BBB at its most fundamental level-the 
brain microvascular endothelium [6]. Early BBB models utilised 
epithelial cell lines of non-cerebral origin such as MDCKs and 
Caco-2 [7]. These pseudo-BBB models initially, and presently, 
offer a robust means of assessing monolayer permeability owing 
to their highly upregulated intercellular junctions (like that of the 
brain endothelium). Over the last five decades, BBB research has 
benefitted from methodological advancements that enabled the 
successful isolation, implementation and investigation of cerebral 
microvascular endothelial cells [8,9], significantly advancing our 
understanding of BBB behaviour. Despite these advancements the 
original epithelial cell-based pseudo-models continue to be used 
today; frequently considered more appropriate models of the BBB 
over even human primary-isolated endothelia, albeit for a limited 
number of biological aspects. 

For it is important to consider how these cultures behave once 
removed from their physiological environment. Many primary and 
immortalised cell monocultures have demonstrated morphological 
and functional changes ex-vivo ultimately leading to the transient 
diminishment of important BBB characteristics; an aspect that has 
hindered models on both ends of the scale for complexity [10]. 
Consider the supporting cell types that, along with the endothelial 
cells, are recognised as promoting the BBB phenotype and 
collectively form the neurovascular unit (NVU); namely pericytes, 
astrocytes, neurons and microglia. Recent studies have identified 
their contact with the endothelium, from both a physical contact 

http://crimsonpublishers.com/jbb
http://crimsonpublishers.com/index.php


Journal of Biotechnology & Bioresearch
                   

  Copyright © Keith D Rochfort

2/2How to cite this article: Keith D Rochfort. Modelling of the Blood-Brain Barrier-Keeping Hold of the Old, with a View to the New. J Biotech Biores. 1(2). 
JBB.000507.2018.

Volume - 1   Issue - 2

and secretome perspective, to be of considerable importance to 
overall BBB phenotype [11], and as a consequence effort have been 
made to incorporate their collective input into BBB modelling. 
Whilst “in-direct” contact, “non-contact”, and “pseudo-contact” 
co-culture approaches, with up to four different cell types, have 
been shown to significantly influence BBB endothelial behaviour, 
similar cell-specific limitations that were previously mentioned 
with respect to endothelia also pertain to these extra-capillary 
supporting cell types [12].

Taken together, efforts taken within the field of multi-cellular 
BBB modelling have shown the target-structure vastly complex to 
mimic in vitro and thoughts on the correct approach has spawned 
considerable debate within the field. Moreover, the situation of 
complete recapitulation of the BBB is further complicated owing 
to the importance of the often overlooked, but increasingly 
appreciated, influence of the hemodynamic environment on BBB 
endothelia phenotype. Indeed, the associated forces exerted on 
the endothelial monolayer by fluid flow have been shown to be 
a critical influencer of cell phenotype [13,14], and the impetus 
to incorporate these environmental cues into what is already a 
complex multicellular model with various approaches already 
reported [15,16]. 

In summary; while there is arguably an unmet need for a more 
physiologically relevant and predictive human BBB model, the 
materials, apparatus, and approaches for in vitro BBB modelling have 
advanced significantly over the last 50 years and have contributed 
significantly to BBB research. While dynamic multicellular flow-
mediated systems are now readily available, widely used, and 
increasing in number and use, static monocultures still have 
significant application and value within the appropriate research 
setting. It is therefore of utmost importance that researchers 
embrace both old and new approaches to BBB modelling (including 
in silico modelling) such that the most accurate representation 
of the biological aspect of interest is embodied. Only in this way 
will the process of developing pharmacologically promising drug 
candidates be significantly advanced leading to improved timelines 
for therapeutic development against CNS-specific pathologies.

References
1. Olesen J, Gustavsson A, Svensson M, Wittchen HU, Jonsson B (2012) 

CDBE2010 study group European brain Council the economic cost of 
brain disorders in Europe. Eur J Neurol 19(1): 155-162.

2. Wimo A, Jonsson L, Bond J, Prince M, Winblad B (2013) The worldwide 
economic impact of dementia 2010. Alzheimer’s Dement 9(1): 11e3.

3. Keaney J, Campbell M (2015) The dynamic blood-brain barrier. FEBS J 
282(21): 4067-4079.

4. Lacombe O, Videau O, Chevillon D, Guyot AC, Contreras C, et al. (2011) In 
vitro primary human and animal cell-based blood-brain barrier models 
as a screening tool in drug discovery. Mol Pharm 8(3): 651-663.

5. Karande P, Trasatti JP, Chandra D (2015) Chapter 4-Novel approaches for 
the delivery of biologics to the central nervous system. In: Singh M, Sal-
nikova M (Eds.), Novel approaches and strategies for biologics vaccines 
and cancer therapies academic press San Diego, USA, pp. 59-88.

6. Reese TS, Karnovsky MJ (1967) Fine structural localization of a blood-
brain barrier to exogenous peroxidase 34(1): 207-217.

7. Garberg P, Ball M, Borg N, Cecchelli R, Fenart L, et al. (2005) In vitro mod-
els for the blood-brain barrier. Toxicol In vitro 19(3): 299-334.

8. Joo F, Karnushina I (1973) A procedure for the isolation of capillaries 
from rat brain. Cytobios 8(29): 41-48.

9. Panula P, Joo F, Rechardt L (1978) Evidence for the presence of viable 
endothelial cells in cultures derived from dissociated rat brain. Experi-
entia 34: 95-97.

10. Wolburg H, Neuhaus J, Kniesel U, Krauss B, Schmid EM, et al. (1994) 
Modulation of tight junction structure in blood-brain barrier endothelial 
cells, Effects of tissue culture second messengers and cocultured astro-
cytes. J Cell Sci 107 (Pt 5): 1347-1357.

11. Abbott NJ, Patabendige AA, Dolman DE, Yusof SR, Begley DJ (2010) 
Structure and function of the blood-brain barrier. Neurobiol Dis 37(1): 
13-25.

12. Appelt-Menzel A, Cubukova A, Gunther K, Edenhofer F, Piontek J, et al. 
(2017) Establishment of a human blood-brain barrier Co-culture model 
mimicking the neurovascular unit using induced pluri-and multipotent 
stem cells 8(4): 1-13.

13. Rochfort KD, Collins LE, McLoughlin A, Cummins PM (2015) Shear-de-
pendent attenuation of cellular ROS levels can suppress proinflamma-
tory cytokine injury to human brain microvascular endothelial barrier 
properties. J Cereb Blood Flow Metab 35(10): 1648-1656.

14. Walsh TG, Murphy RP, Fitzpatrick P, Rochfort KD, Guinan AF, et al. (2011) 
Stabilization of brain microvascular endothelial barrier function by 
shear stress. J Cell Physiol 226(11): 3053-3063.

15. Cucullo L, Couraud PO, Weksler B, Romero IA, Hossain M, et al. (2008) 
Immortalized human brain endothelial cells and flow-based vascular 
modeling: a marriage of convenience for rational neurovascular studies. 
J Cereb Blood Flow Metab 28(2): 312-328.

16. Takeshita Y, Obermeier B, Cotleur A, Sano Y, Kanda T, et al. (2014) An in 
vitro blood-brain barrier model combining shear stress and endothelial 
cell/astrocyte co-culture. J Neurosci Methods 232:165-172.

For possible submissions Click Here Submit Article

Creative Commons Attribution 4.0 
International License

   
Journal of Biotechnology & Bioresearch

Benefits of Publishing with us

• High-level peer review and editorial services
• Freely accessible online immediately upon publication
• Authors retain the copyright to their work 
• Licensing it under a Creative Commons license
• Visibility through different online platforms

https://www.ncbi.nlm.nih.gov/pubmed/22175760
https://www.ncbi.nlm.nih.gov/pubmed/22175760
https://www.ncbi.nlm.nih.gov/pubmed/22175760
https://www.ncbi.nlm.nih.gov/pubmed/23305821
https://www.ncbi.nlm.nih.gov/pubmed/23305821
https://febs.onlinelibrary.wiley.com/doi/full/10.1111/febs.13412
https://febs.onlinelibrary.wiley.com/doi/full/10.1111/febs.13412
https://pubs.acs.org/doi/abs/10.1021/mp1004614
https://pubs.acs.org/doi/abs/10.1021/mp1004614
https://pubs.acs.org/doi/abs/10.1021/mp1004614
https://www.ncbi.nlm.nih.gov/pubmed/6033532
https://www.ncbi.nlm.nih.gov/pubmed/6033532
https://www.ncbi.nlm.nih.gov/pubmed/15713540
https://www.ncbi.nlm.nih.gov/pubmed/15713540
https://www.ncbi.nlm.nih.gov/pubmed/7929640
https://www.ncbi.nlm.nih.gov/pubmed/7929640
https://www.ncbi.nlm.nih.gov/pubmed/7929640
https://www.ncbi.nlm.nih.gov/pubmed/7929640
https://www.ncbi.nlm.nih.gov/pubmed/19664713
https://www.ncbi.nlm.nih.gov/pubmed/19664713
https://www.ncbi.nlm.nih.gov/pubmed/19664713
https://www.ncbi.nlm.nih.gov/pubmed/25991069/
https://www.ncbi.nlm.nih.gov/pubmed/25991069/
https://www.ncbi.nlm.nih.gov/pubmed/25991069/
https://www.ncbi.nlm.nih.gov/pubmed/25991069/
https://www.ncbi.nlm.nih.gov/pubmed/21302304
https://www.ncbi.nlm.nih.gov/pubmed/21302304
https://www.ncbi.nlm.nih.gov/pubmed/21302304
https://www.ncbi.nlm.nih.gov/pubmed/17609686
https://www.ncbi.nlm.nih.gov/pubmed/17609686
https://www.ncbi.nlm.nih.gov/pubmed/17609686
https://www.ncbi.nlm.nih.gov/pubmed/17609686
https://www.ncbi.nlm.nih.gov/pubmed/24858797
https://www.ncbi.nlm.nih.gov/pubmed/24858797
https://www.ncbi.nlm.nih.gov/pubmed/24858797
http://crimsonpublishers.com/online-submission.php
http://crimsonpublishers.com/jbb

	Modelling of the Blood-Brain Barrier-Keeping  Hold of the Old, with a View to the New
	Introduction
	References

