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Abstract

Ageing is the major risk factor for neurodegenerative disorders such as Alzheimer’s disease (AD). The impairments of the 
blood-brain barrier (BBB) have been frequently reported in numerous neurodegenerative diseases and may serve as an early 
marker of AD and dementia. Recently, new investigations have demonstrated that impairments of BBB during normal ageing 
is not simply breakage or leakage of the structure, but gradually loss of transcytosis and pericytes. Such interesting results 
are calling further investigations on the transportation capabilities of BBB and other barriers such as blood and cerebrospinal 
fluid barriers, refreshing our exploration of AD therapeutics, and may lead new drug delivery method. 

Keywords: Blood-brain barrier; Alzheimer’s disease; Transcytosis; Pericytes

Abbreviations: AD: Alzheimer’s Disease; BBB: Blood-
Brain Barrier; CNS: Central Nervous System. 

Ageing is the major risk factor for neurodegenerative 
disorders such as Alzheimer’s disease; however, it remains 
elusive about the exact processes that lead to age-related 
decline of brain structures and cognitive functions in both 
ageing and neurodegenerative disorders. The blood-brain 
barrier (BBB) is the physical boundary in the brain where 
the periphery and central system have been separated. BBB 
regulates the transportation of molecules between the brain 
and blood, prevents the neurotoxic elements in blood from 
entering the brain, and serves as a major impediment to drug 
delivery [1,2]. The impairments and breakdown of BBB have 
been frequently reported in numerous neurodegenerative 
diseases [1,2]. Although the report has shown in one AD 
mouse model there is no global BBB breakdown [3], more 
investigations have supported the conclusion that the 
severity of cognitive dysfunction of ageing and Alzheimer’s 
disease (AD) in both animal models and human patients is 
correlated with the dysfunction of BBB [4-6]. Notably, the AD 
patients at an early stage have shown BBB leakage in both 
cortex and grey matter regions [5]. The BBB breakdown 

is promising to be an early diagnostic marker for human 
cognitive dysfunction [7]. Such results together point to the 
fundamental questions
1) What substance in the blood can cross the BBB? 
2) To what extent the transportation impairments of BBB 
could be therapeutically targeted in neurodegenerative 
disorders? 

Recently, Yang, et al. tried to answer the first question 
through specifically labelling the plasma substances in 
the blood [8]. They took advantage of the labelling of 
endogenous proteins and lipids in mammals but not the 
tracing of injected exogenous proteins/dyes. By comparing 
the young and aged mice, they found young mice are more 
capable to transport plasma proteins through transcytosis 
while the aged mice have no such capacity. Such results are 
somehow different from the previous conclusion that got 
from tracer studies. A step further, Yang and colleagues found 
the young mice have a bunch of receptors expressed by the 
endothelial cells which bind to the plasma proteins and form 
vesicles containing the plasma proteins. However, during the 
ageing process, receptors that expressed on the endothelial 
membranes are gradually decreased, thus the receptor-
dependent transportation is gradually lost and the aged mice 

https://medwinpublishers.com/ARTOA/
https://portal.issn.org/resource/ISSN/2691-5790#
https://medwinpublishers.com/


Alzheimer’s Research & Therapy Open Access
2

Xin Y. New Understanding of BBB Impairments in Ageing and Neurodegenerative Diseases. 
Alzheimers Res Ther 2020, 3(1): 000113.

Copyright©  Xin Y.

transport non-protein substances in an unspecific manner. 
Moreover, Yang and colleagues have identified a list of genes 
which are perhaps crucial for maintaining the receptor-
dependent transportation of plasma proteins in BBB. Such 
genes may serve as a hot spot for improving the efficiency 
of drug delivery into the central nervous system (CNS). 
Importantly, such impairments of the selective capabilities 
of blood endothelial cells are also contributed to the loss 
of pericytes [8]. Intriguingly, dysfunctions of pericytes have 
been shown contribute to neurodegenerative disorders such 
as AD [9]. Such interesting results are calling further research 
investigation on the transportation capabilities of BBB and 
other barriers such as blood and cerebrospinal fluid barriers 
(the choroid plexus of the ventricles and in the meninges 
that cover the brain) [10] during ageing. Besides, the exact 
proteins entering brains remains elusive [10], so does the 
proteins that exit the brain. For AD condition, different forms 
of Aβ and Tau are frequently found in the brains with a varied 
amount (which may point to the severity of AD), but the 
mechanisms of such BBB crossing remains largely unclear. 
Intriguingly, the accumulation of Aβ in human AD patients 

increases the release of endothelin-1 from blood endothelial 
cells and finally induces vasoconstriction since the activation 
of pericytes [11]. It is worthwhile to further unmask the exit 
of brain proteins into the blood and the pericytes alternation 
in the AD progress. 

Collectively, impairments of BBB during normal ageing is 
not simply breakage or leakage of the structure, but gradually 
loss of transcytosis. Future research investigation may further 
broaden such knowledge in neurodegenerative disorders like 
AD. In the end, the BBB may serve both drug delivery targets 
and therapeutic chances for neurodegenerative disorders 
like AD. Notably, recent in vitro organ model has shown 
promise to elucidate the impairments of BBB in culture dish 
from AD patients [12]. Coincidently, such experiments have 
revealed the same pericytes loss and/or dysfunction in AD 
BBBs. Since the personalized manner and advantages for 
drug screening, future human blood-brain barrier in vitro 
will further speed up and strengthen the understanding of 
BBB impairments in both ageing and neurodegenerative 
disorders (Figure 1). 

Figure1: Blood-brain barrier (BBB) ageing and Alzheimer’s disease (AD). 

In the Youngers, BBB transport substances from the 
blood to brain through receptor-dependent manner. In aged, 
both receptors and pericytes are decreased, so does the 
transportation capacity. Such loss of capacity may also occur 
in neurodegenerative disorders such as AD and become a 
therapeutic target. 
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