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A B S T R A C T

Claudin-5 is a tight junction (TJ) protein in the blood-brain barrier (BBB) that has recently attracted
increased attention. Numerous studies have demonstrated that claudin-5 regulates the integrity and
permeability of the BBB. Increased claudin-5 expression plays a neuroprotective role in neurological
diseases, particularly in cerebral ischemic stroke. Moreover, claudin-5 might be a potential marker for
early hemorrhagic transformation detection in ischemic stroke. In light of the distinctive effects of
claudin-5 on the nervous system, we present the elaborate network of roles that claudin-5 plays in
ischemic stroke. In this review, we first introduce basic knowledge regarding the BBB and the claudin
family, the characterization and regulation of claudin-5, and association between claudin-5 and other TJ
proteins. Subsequently, we describe BBB dysfunction and neuron-specific drivers of pathogenesis of
ischemic stroke, including inflammatory disequilibrium and oxidative stress. Furthermore, we
summarize promising ischemic stroke treatments that target the BBB via claudin-5, including modified
rt-PA therapy, pharmacotherapy, hormone treatment, receptor-targeted therapy, gene therapy, and
physical therapy. This review highlights recent advances and provides a comprehensive summary of
claudin-5 in the regulation of the BBB and may be helpful for drug design and clinical therapy for
treatment of ischemic stroke.

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Stroke is the primary cause of disability, producing immense
health and economic burdens in adults worldwide, and it affects
approximately 795,000 people annually (Benjamin et al., 2017).
Stroke creates a loss of brain function due to a disturbance in the
blood supply to the brain. This disturbance is caused by occlusion
of a vessel due to a blood clot or by a bleeding vessel. Stroke is
associated with a variety of complications, which occur early and
late after stroke, such as cerebral edema, hemorrhagic transfor-
mation, spreading depolarization, seizures and epilepsy (Scho-
knecht et al., 2015). Accordingly, stroke can be classified into two
categories: ischemic stroke and intracerebral hemorrhage (ICH). In
both cases, the affected area of the brain cannot function normally,
which may result in an inability to move one or more limbs on one
side of the body, a failure to understand or formulate speech, or
visual impairment on one side of the visual field (Muir, 2016).
Because ischemic stroke is more common than ICH in all cases, we
pay attention to the former throughout this review.

Ischemic stroke results from a transiently or permanently
restricted blood flow to a portion of the brain, which results in an
irreversibly damaged ischemic core and a surrounding region of
potentially recoverable tissue. The remaining hypoperfused tissue
exhibits altered mechanisms of blood flow autoregulation, which is
known as the penumbra (Moustafa and Baron, 2008). Academi-
cally, the penumbra can be theoretically salvaged if reperfusion
therapy and pharmacotherapy are administered as early as
possible following the stroke, which prevents continued growth
of the ischemic core and progressively worsening neurological
outcomes. Significant progress has been made in dissecting
neuron-specific drivers of the pathogenesis of ischemic stroke,
including neuroinflammation, oxidative stress, neuroapoptosis,
mitochondrial dysfunction, excitotoxicity, and ionic imbalance. As

our understanding has advanced, we now appreciate that ischemic
stroke not only involves neuronal dysfunction but is also
orchestrated by the intricate interplay among many cellular
players (Petrovic-Djergovic et al., 2016). This network of cellular
players now is commonly referred to as the neurovascular unit
(NVU), primarily comprising the brain endothelial cells (BECs),
pericytes, and astrocytic end-feet, which can interact with
surrounding neurons, microglia, and extracellular matrix (ECM)
(del Zoppo, 2009). NVU helps to explain blood-brain barrier (BBB)
induction processes and maintenance of BBB integrity and
permeability in health and disease (Greene and Campbell, 2016).

The BBB is an active interface between the circulation and the
central nervous system (CNS), maintaining the neural microenvi-
ronment with a dual function: the barrier function restricts
transport of potentially toxic or harmful substances from the blood
to the brain, and the carrier function is responsible for the
transport of nutrients to the brain and removal of metabolites. The
BBB plays a key role in clinical practice for ischemic stroke as well.
On one hand, the permeability of the BBB is increased during
ischemic stroke, with an initial and late opening of the BBB (Saraiva
et al., 2016). On the other hand, the relative impermeability of the
barrier limits many beneficial drugs from reaching the CNS in
therapeutically relevant concentrations, making the BBB one of the
major impediments to the treatment of ischemic stroke.

Several promising targets have been indicated to improve long-
term recovery after stroke, such as proteins involved in membrane
trafficking, particularly Rho GTPases Rac and RhoA (Posada-Duque
et al., 2014; Stamatovic et al., 2017). Previous studies have
demonstrated that Rac1 activity is involved in long-term recovery
from neurodegeneration after cerebral ischemia, as evidenced by
treatment with a pharmacological inhibitor of RhoA that inhibits
the activation of the neurodegeneration cascade (Johanna et al.,
2010). Moreover, there are another two pivotal kinds of regulation,
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