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The human brain is separated and restricted
from circulatory arrangement through an
extremely proficient blood-brain barrier
(BBB). The BBB is formed by endothelial
cells that provide selective impermeability
to the BBB, maintaining the finest microen-
vironment in the central nervous system
(CNS). The BBB, a unique anatomical and
physiological barrier, is responsible for pro-
tecting the CNS.1,2 It has been acknowledged
that various components in the brain com-
municate with each other via exchanging
signaling molecules through gap junctions
and signaling pathways involving various
kinds of receptors and exosomes.3 The BBB
prevents entry of blood-derived pathogens,
toxic substances, and unwanted substances
in the brain from brain blood capillaries.4,5

The BBB is also responsible for the transport
of different substrates, such as oxygen, nutri-
ents, energy metabolites, etc,. from the blood
to the brain.3 Conversely, it also helps to
eliminate metabolic waste from the brain
back into the circulatory system.6

Scientists have made efforts to understand
the molecular structure of the BBB for a
long time. In a recent review by Chow and
Gu,7 various molecular determinants and
key cellular pathways that provide BBB char-
acteristics to endothelial cells of the CNS
were discussed. Another paper by Abbott
et al.8 illustrated the structure and functions
of BBB and summarized that BBB is a neuro-
vascular unit that manages molecular ex-
change and cellular traffic at the blood-
CNS interface. Ballabh et al.9 defined brain
microvasculature as being composed of the
BBB with endothelial cells, pericytes, and
astrocyte endfeet. The tight junctions that
are present amid the cerebral endothelial
This is an open access artic
cells constitute a diffusion barrier. The neu-
ral microenvironment regulates the develop-
ment and function of the BBB and controls
BBB development through Wnt and
Sonic hedgehog signaling pathways.3 Zhao
and Zlokovic10 recently reported that
exosomes are one of the regulating compo-
nents of the BBB along with microRNAs
(miRNAs). However, until today, molecular
switches that controlled the BBB were still
not correctly and appropriately understood.

Current studies show that cells liberate
endosome-derived microvesicles, which are
called exosomes. These are double mem-
brane extracellular vesicles (EVs) and are
tiny (50–100 mm size). Every cell type
produces exosomes, which are enriched
with signaling proteins and lipids and
released into the extracellular space.11 Exo-
somes have very distinct physiologic func-
tions. However, the role of exosomes may
differ depending on their cellular origin,
such as from blood coagulation, immune
regulation, cell differentiation, cell migra-
tion, and cell-to-cell communication.12 It
has been acknowledged that exosomes
contain specific proteins and RNA to interact
with neighboring cells.13 In the nervous
system, microglia-derived microvesicles
have also been reported,14 and these micro-
vesicles (exosomes) can be influenced by
neurotransmitters.15 These microvesicles
have been reported to regulate synaptic
plasticity and neuron-glia communica-
tion.13,16,17 Along with the protein,
exosomes also carry RNAs, including
miRNAs.13 These transported miRNAs
within the exosomes have an essential role
in intercellular communication18 and a
range of physiological functions.19
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miRNAs are single-stranded, small noncod-
ing RNAs (ncRNAs) containing a small
number of nucleotides (21–23 nucleotides)
and can silence gene expression. These small
ncRNAs can control gene expression
through a post-transcriptional gene regula-
tion process.20 In the CNS microenviron-
ment, miRNAs play a regulatory role in
gene expression during neural develop-
ment.21,22 Cao et al.23 suggested that
miRNAs are critical regulators in the CNS
and are spatially expressed in the brain,
implicating their role in neural development
and function.24 It has been reported that two
miRNAs are essential for the physiological
process of brain function (miRNA-941 and
miRNA-1202). miR-941 inhibits the expres-
sion of the host gene, DNAJC5, in both re-
gions of the brain. These genes interact
with two other genes (RAB3A and WDR7;
directly with RAB3A and indirectly with
WDR7). This phenomenon is related to
neurotransmitter release.24 A decreased
expression of miR-1202 was observed in
the brain samples with a depressed state
when compared to the standard control
brain samples. When the miR-1202 gene is
expressed, the quantity of metabotropic
glutamate receptor-4 (GRM4) expression is
enhanced, which demonstrates anti-
depressant effects. GRM4 expression is
observed throughout the brain, and the
expression is associated with the release
of various neurotransmissions, such as
19 March 2020 ª 2020 The Author(s). 933
commons.org/licenses/by-nc-nd/4.0/).
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Table 1. miRNAs that Control the BBB Microenvironment

No. miRNAs Remark Reference

1 miR-132 it control the BBB integrity with exosome 28

2 miR-1303 it regulates BBB permeability 29

3 miR-130a
it control the cerebral ischemia-induced BBB
permeability

31

4 miR-210
it disrupts BBB integrity during hypoxic-ischemic
brain injury

33

5 miR-285
miR-285-Yki/Mask regulatory circuit controls the
mechanism of BBB integrity

34

6 miR-143 it protects the BBB integrity 35

7 miR-155
it regulations the leukocyte adhesion at the
inflamed BBB

36

8 miR-27a-3p
upregulated AQP11 during intracerebral
hemorrhage (ICH)

37

9 miR-212/132
targets Jam3, Cldn1, and Tjap1, affecting BBB
property and integrity

38
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dopaminergic, glutamatergic, serotonergic
and, GABAergic.25 Recent work by Nowa-
kowski et al.26 indicates that the miRNA
network regulates cell-type-specific tran-
scriptomes during human brain develop-
ment. One such example is an interaction be-
tween miR-2115 and radial-glia-enriched
ORC4, which emerges to control radial glia
propagation rates during brain development.
A study showed that overexpression of let-7
and miR-98 reduced adhesion andmigration
of leukocytes, decreased the release of pro-
inflammatory cytokines, and increased tight-
ness in the BBB during neuroinflammatory
conditions.27 Taken together, these two
miRNAs help in protecting (preventing
leakiness) the BBB under neuroinflamma-
tory diseases.27 miRNAs are essential
molecular switches that control the BBB
microenvironment.

In a recent study, a group of researchers
examined the function of miR-132 to under-
stand vascular integrity and brain function.28

Vascular integrity is vital for the proper
development and function of the CNS. It
also assists in maintaining the brain micro-
environment to the state of homeostasis. In
this study, the researchers utilized zebrafish
as a model system and found that miR-132
is mostly expressed in neurons and is highly
conserved. Neurons secrete miRNA though
exosomes to the endothelial cells and help
maintain the brain vascular integrity. When
934 Molecular Therapy: Nucleic Acids Vol. 19
miR-132 was antagonized with morpholino
antisense oligonucleotides, a severe intracra-
nial hemorrhage was observed, causing dam-
age to the BBB integrity. It was actually a
result of the leakage of red blood cells into
the brain ventricles. This discovery was
confirmed by CRISPR-Cas9 (a genomic edit-
ing system). To support the intercellular exo-
some transfer hypothesis, the researchers
used transgenic zebrafish larvae, filled
neuronal exosomes with green fluorescent
protein (GFP), and labeled brain endothelial
cells with red fluorescent protein (RFP). Re-
searchers obtained confocal images to
explain the uptake of GFP-positive exosomes
through the RFP-positive endothelial cells.28

Simultaneously, they also performed an
experiment where they showed the uptake
of purified neuronal exosomes by the brain
endothelial cells of mice. For this, miR-132
was transferred to the co-cultured endothe-
lial cells, and the transfer uptake was studied.
From this experiment, they concluded that
this mechanism is conserved throughout
the mammalian group.28 They observed
that miR-132 regulates VE-cadherin
(vascular endothelial cadherin) expression.
It is a critical adherens junction protein
that directly targets the eukaryotic eef2k
(elongation factor 2 kinase) required for
brain vascular integrity. In conclusion,
disruption of the miR-132 expression or exo-
some secretion or overexpression of vascular
eef2k damages VE-cadherin expression and
March 2020
ultimately the brain vascular integrity.
Therefore, the study implies that miR-132
acts as a signal mediator of neural regulation
for brain vascular integrity. It also suggests
that the neuronal exosome with miRNAs is
a novel way for neurovascular communica-
tion through the BBB.28 Xu et al.28 have
shown a new direction of thinking for the
role of exosomes and miRNAs in controlling
the BBB microenvironment in healthy states
and disease states. Zhao and Zlokovic10

concluded from the work of Xu et al.10 that
exosomes and miRNAs could remotely regu-
late BBB integrity and the controlling switch
for BBB function. It will open a new line for
new therapeutic strategies for brain diseases.

Song et al.29 stated that miR-1303 regulates
BBB permeability. In this study, they showed
that miR-1303 may control BBB perme-
ability by targeting a brain protein called ma-
trix metalloproteinase 9 (MMP-9). MMP-9
is a member of a family of zinc-dependent
endopeptidases and is a critical CNS protein
that is required during brain development.30

A recent study by Wang et al.31 stated that
miR-130a controls cerebral ischemia-
induced BBB permeability. They found that
miR-130a was mainly from brain microvas-
cular endothelial cells and that ischemia
considerably increased the level of miR-
130a. Conversely, the use of antagomir-
130a, an antagonist of miR-130a, brain
edema can be attenuated by lowering the
BBB permeability. Recently, Almutairi
et al.32 reviewed and concluded that miRNAs
are indeed essential factors that control the
BBB permeability. Ma et al.33 found that
miRNA-210 disrupts BBB integrity during
hypoxic-ischemic brain injury in rats by
suppressing junction proteins. They demon-
strated that inhibition of miR-210 by miR-
210-LNA (complementary nucleic acid
oligonucleotides) preserved the expression
of junction proteins. Recently, in the
Drosophila model, Li et al.34 found that the
miR-285-Yki/Mask regulatory circuit con-
trols the mechanism for BBB maintenance
and thus BBB integrity. miR-143 is a primary
miRNA that plays a significant role in
various cellular processes. A recent study
showed that silencing miRNA-143 protects
the BBB integrity.35 miR-155 is a brain
endothelial miRNA that is upregulated in

http://www.moleculartherapy.org


www.moleculartherapy.org

Commentary
multiple sclerosis and by inflammatory cyto-
kines in the human brain. miR-155 regulates
leukocyte adhesion at the inflamed BBB.36 In
addition, another miRNA, miR-27a-3p, was
downregulated and AQP11 was upregulated
during intracerebral hemorrhage (ICH),
contributing to the disruption of the BBB.37

It was observed that the miR-27a-3p mimic
targeted AQP11 and protected against
ICH.37 Burek et al.38 observed that miR-
212/132 was overexpressed in hypoxic brain
microvascular endothelial cells (BMECs) in
both mouse and human brains. miR-212/
132 targets Jam3, Cldn1, and Tjap1, affecting
the BBB properties and integrity.38 There-
fore, it is clear that miRNA can control the
BBB microenvironment (Table 1). Similar
to the BBB, the blood-tumor barrier (BTB)
restricts paracellular diffusion. It was found
that miR-181a targets Kruppel-like factor 6
(a transcription factor) and increases the
permeability of the BTB, indicating the
therapeutic potential of miR-181a against
gliomas.39

The BBB microenvironment is an essential
protecting structure for the CNS. Our article
will open the door for novel thinking and
innovation related to the miRNA controlled
BBB microenvironment. Studies related to
the role of miRNA controlling the BBB
microenvironment are still in the infancy
stages, and several questions should be
answered as to their potential as a critical
regulatory unit in controlling the BBB
microenvironment. More research grants
and participation are needed to understand
the underlying mechanism and to achieve a
therapeutic reply for neurological diseases.
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