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Abstract The blood-brain barrier (BBB) is formed by
brain endothelial cells, and decreased BBB integrity con-
tributes to vasogenic cerebral edema and increased mor-
tality after stroke. In the present study, we investigated the
protective effect of perampanel, an orally active noncom-
petitive AMPA receptor antagonist, on BBB permeability
in an in vitro ischemia model in murine brain endothelial
cells (mBECs). The results showed that perampanel sig-
nificantly attenuated oxygen glucose deprivation (OGD)-
induced loss of cell viability, release of lactate dehydro-
genase, and apoptotic cell death in a dose-dependent
manner. Perampanel treatment did not alter the expression
and surface distribution of various glutamate receptors.
Furthermore, the results of calcium imaging showed that
perampanel had no effect on OGD-induced increase in
intracellular Ca*™ concentrations. Treatment with peram-
panel markedly reduced the paracellular permeability of
mBECs after OGD in different time points, as measured by
transepithelial electrical resistance assay. In addition, the
expression of claudin-5 at protein level, but not at mRNA
level, was increased by perampanel treatment after OGD.
Knockdown of claudin-5 partially prevented perampanel-
induced protection in cell viability and BBB integrity in
OGD-injured mBECs. These data show that the noncom-
petitive AMPA receptor antagonist perampanel affords
protection against ischemic stroke through caludin-5
mediated regulation of BBB permeability.
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Introduction

Stroke is one of the leading causes of mortality in adults,
and an estimated 6.8 million Americans over 20 years of
age have had a stroke (Go et al. 2014). It triggers a com-
plex series of biochemical cascades that impairs the neu-
rological functions via breakdown of cellular integrity
mediated by oxidative stress, ionic imbalance, oxcitotoxic
signaling, and inflammation (Mehta et al. 2007; Manzanero
et al. 2013). The blood-brain barrier (BBB) is a highly
selective permeability barrier that segregates the central
nervous system from the systemic circulation. It is formed
by brain endothelial cells (BECs) and serves to prevent
uncontrolled flux of ions, amino acids, and peptides into
the brain (Brown and Davis 2002). Under ischemic con-
ditions, the decreased BBB integrity contributes to vaso-
genic cerebral edema, hemorrhagic transformation, and
increased mortality, making it an ideal therapeutic target
for stroke treatment (Sandoval and Witt 2008).

Excessive release of glutamate can lead directly to
excitotoxicity in neuronal cells via the activation of various
glutamate receptors, including a-amino-3-hydroxy-5-
methyl-4-isoxazole propionate receptor (AMPAR), which
is considered to be involved in many neurological diseases,
such as brain trauma and stroke (Bell et al. 2009;
Soundarapandian et al. 2005). The AMPAR is composed of
various combinations of four possible subunits, GluRl,
GluR2, GluR3, and GluR4, and its Ca®* conductance dif-
fers markedly according to whether the GluR2 subunit is
present or not (Seeburg et al. 2001). The Ca®" permeable
AMPAR mediates neuronal injury by serving as entry
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routes for the divalent cations, such as Zn** and Ca2+,
whereas the Ca®" unpermeable AMPAR channels associ-
ated injury may result from indirect Ca®" entry through
voltage-gated Ca>" channels or transient receptor potential
(TRP) channels and other downstream signaling cascades
(Soundarapandian et al. 2005). Blocking AMPAR activa-
tion by antagonists has been investigated for anti-ischemia
activity in both in vitro and in vivo experiments with mixed
success. The selective competitive AMPAR antagonist 2,3-
dihydroxy-6-nitro-7-sulfamoyl-benzo[f]quinoxaline (NBQX)
was shown to exert robust neuroprotective effects in models
of focal and global ischemia (Smith and Meldrum 1993;
Sheardown et al. 1990). However, its clinical use was pre-
vented by its poor solubility, resulting in precipitation in the
kidneys (Weiser 2002). In this study, perampanel, a novel
non-competitive AMPAR antagonist, was used in an in vitro
ischemia model in primary murine brain endothelial cells
(mBECsS) to determine its protective activity and effects on
brain endothelial cell permeability with focus on claudin-5
associated mechanism.

Experimental Procedures
Primary Brain Endothelial Cell Cultures

The primary mBECs were obtained from 2-month-old C57
BL/6 mice as described previously (Hawkins et al. 2015).
Briefly, the brains were removed from mice, stripped of
meninges and finely minced. Tissues were dissociated in a
solution containing 20 U/ml papain and 250 U/ml DNase I
type IV in MEM-HEPES. The dissociated brain tissues
were triturated, added into a 10-ml tube containing 22 %
bovine serum albumin and centrifuged at 1000xg for
20 min. The isolated cells were then washed and resus-
pended in endothelial cell growth media consisting of
Hams F12, supplemented with 10 % fetal bovine serum,
heparin, ascorbic acid, L-glutamine, and endothelial cell
growth supplement. The mBECs were maintained at 37 °C
in a humidified 5 % CO, incubator and half of the culture
medium was changed every other day.

Oxygen Glucose Deprivation (OGD)

The mBECs were treated with OGD to mimic ischemia
in vitro. In briefly, serum containing media were removed
from the cell cultures by washing with phosphate buffered
saline (PBS) for three times. The mBECs were placed into
a specialized, humidified chamber containing 5 % CO,,
95 % N, at 37 °C with low-glucose medium (1 g/, sup-
plemented DMEM), which was pre-gassed with N,/CO,
(95 %I5 %) to remove residual oxygen. After 2 h chal-
lenge, the mBECs were removed from the anaerobic
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chamber, and the culture medium was replaced with nor-
mal culture media to generate reperfusion insult. Peram-
panel was purchased from Santa Cruz (sc-477647, CA,
USA), and the mBECs were treated with perampanel at the
beginning of OGD insult.

Cell Viability Assay

The cell viability assay was performed using the WST-1
assay kit following the manufacture’s protocol (Roche,
Basel, Switzerland). Briefly, mBECs were cultured at a
concentration of 3 x 10° in microplates in a final volume
of 100 pl culture medium. After OGD and perampanel
treatments, 10 pl WST-1 was added into each well and
incubated for 4 h at 37 °C. Then, 100 pl/well culture
medium and 10 pl WST-1 were added into one well in the
absence of cells, and its absorbance was used as a blank
value. Cells were shaken thoroughly for 1 min on a shaker
and the absorbance of the samples was measured using a
microplate (ELISA) reader.

Lactate Dehydrogenase (LDH) Release Assay

LDH release into the culture medium was detected using a
diagnostic kit following the manufacturer’s instructions
(Jiancheng Bioengineering Institute, Nanjing, China).
Briefly, 50 pl of supernatant from each well was collected,
incubated with reduced form of nicotinamide-adenine
dinucleotid (NADH) and pyruvate for 15 min at 37 °C, and
the reaction was stopped by adding 0.4 M NaOH. The
activity of LDH was calculated from the absorbance at
440 nm and background absorbance from culture medium
that was not used for any cell cultures was subtracted from
all absorbance measurements.

Flow Cytometry

The mBECs were harvested 24 h after OGD and peram-
panel treatment, washed with ice-cold Ca®* free PBS, and
resuspended in binding buffer. Cell suspension was trans-
ferred into a tube and double-stained for 15 min with the
Alexa Fluor 488-conjugated annexin V (AV) and propidium
iodide (PI) at room temperature in the dark. After addition of
400 pl binding buffer, the stained cells were analyzed by an
FC500 flow cytometer with the fluorescence emission at 530
and >575 nm. The CXP cell quest software (Beckman-
Coulter, USA) was used to count the number of AVT/PI™
and AVT/PIT cells, and analyzed the results.

Surface Biotinylation Assay

The surface biotinylation assay was performed with the
Pierce Cell Surface Isolation Kit according to the
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manufacturer’s instructions. Briefly, the mBECs were
washed twice with ice-cold NaCl/Pi, and then incubated
with Sulfo-NHS-SSBiotin solution for 30 min at 4 °C.
After quenching the unreacted biotin, the cell pellet was
collected and then resuspended in RIPA buffer. After
sonication and incubation, the cell lysate was centrifuged at
10,000xg for 2 min at 4 °C. Twenty percent of the
supernatant was reserved as the total protein, and the
remaining 80 % was rotated with NeutrAvidin Agarose for
1 h at 4 °C. Gels were washed with wash buffer, and
centrifuged at 1000x g for 1 min at 4 °C for three times.
Sample buffer containing dithiothreitol was added to the
gels, which was followed by centrifugation at 1000x g for
2 min at 4 °C. After addition of bromophenol blue, sam-
ples were used to perform western blot analysis.

Calcium Imaging

Intracellular Ca>* concentration ([Ca2+]cyt) was measured
using the ratiometric calcium indicator Fura-2-AM (Chen
et al. 2012). The mBECs grown on glass slides were loaded
with 5 uM fura-2 AM for 45 min in Hanks Balanced Salt
Solution (HBSS), and equilibrated for 30 min in the dark at
room temperature. Cells were then placed in the open-bath
imaging chamber containing HBSS. Using the Nikon
inverted epifluorescence microscope, mBECs were excited
at 345 and 385 nm and the emission fluorescence at
510 nm was recorded. Images were collected and analyzed
with the MetaFluor image-processing software, and the
results were calculated and shown as fold of baseline.

Transepithelial Electrical Resistance (TEER)
Measurement

TEER was measured as a measure of paracellular perme-
ability using previously published protocol (Hind et al.
2015). The resistance across the membrane was measured
using STX2 electrodes linked to an EVOM2 resistance
meter. Three readings were taken per insert and the average
value used. A baseline TEER reading was taken and the
percentage change from this value was calculated for
subsequent readings. To assess the impact on permeability,
mBECs were treated with OGD in the presence or absence
of perampanel and TEER was measured at various time
points over 24 h.

RT-PCR

Briefly, a 2-mg template RNA was used to synthesize the
first strand of cDNA using a reverse transcription kit
(Takara, Dalian, China). The mRNA levels of claudin-5
were quantitated using a Bio-Rad iQ5 Gradient Real-Time
PCR system (Bio-Rad Laboratories), and GAPDH was

used as an endogenous control. Primers for all Real-Time
PCR experiments were listed as follows: claudin-5: for-
ward: 5'-CTG GAC CAC AAC ATC GTG AC-3/, reverse:
5-GTA CTT GAC CGG GAA GCT GA-3'; GAPDH:
forward: 5'-AAG GTG AAG GTC GGA GTC AA-3/,
reverse: 5-AAT GAA GGG GTC ATT GAT GG-3'.
Samples were tested in triplicates and data from four
independent experiments were used for analysis.

Short Interfering RNA (siRNA) and Transfection

The specific siRNA targeted caludin-5 (Si-claudin-5, sc-
43045) and control siRNA (Si-Control, sc-37007), which
should not knock down any known proteins, were pur-
chased from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA). The above siRNA molecules were transfected
with Lipofectamine 2000 (Invitrogen, CA, USA) for 48 h,
and the mBECs were treated with OGD and perampanel
and subjected to various measurements.

Immunocytochemistry (ICC)

ICC was performed following the previously published
methods (Chen et al. 2013). The mBECs were fixed for
30 min with 4 % paraformaldehyde, rinsed twice with
PBS, and subsequently incubated with 1 % hydrogen per-
oxide for 10 min. Following two PBS rinses, cells were
incubated with blocking solution (PBS containing 1 %
bovine serum albumin, 0.4 % Triton X-100 and 4 % nor-
mal goat serum) for 20 min. Next, cells were incubated
with primary anti-claudin-5 antibody (1:100) at 4 °C
overnight. Cells were then rinsed twice with PBS and
incubated with fluorescein isothiocyanate (FITC) labeled
secondary antibody (1:500) for 1 h at room temperature.
Coverslips were mounted in mounting medium and visu-
alized by a fluorescence microscope. DAPI (10 pg/ml) was
used to stain the nucleus.

Western Blot Analysis

Equivalent amounts of protein (40 pg per lane) were loa-
ded and separated by 10 % SDS-PAGE gels, and trans-
ferred to polyvinylidene difluoride (PVDF) membranes.
Membranes were blocked with 5 % nonfat milk solution in
tris-buffered saline with 0.1 % Triton X-100 (TBST) for
1 h, and then incubated overnight at 4 °C with the primary
mGIluR1/5 (1:300, NeuroMab, P31424, CA, USA), NR1
(1:200, NeuroMab, P35439-2, CA, USA), GluR1 (1:300,
NeuroMab, P19490, CA, USA), GluR2 (1:300, NeuroMab,
P19491, CA, USA), claudin-5 (1:100, Santa Cruz, sc-
28670, CA, USA) or B-actin (1:500, Santa Cruz, sc-47778,
CA, USA) antibody dilutions in TBST. After that the
membranes were washed and incubated with secondary

@ Springer



748

Cell Mol Neurobiol (2016) 36:745-753

antibody for 1 h at room temperature. Immunoreactivity
was detected with Super Signal West Pico Chemilumi-
nescent Substrate (Thermo Scientific, Rockford, IL, USA).

Statistical Analysis

Statistical analysis was performed using SPSS 16.0, a
statistical software package. Statistical evaluation of the
data was performed by one-way analysis of variance
(ANOVA) followed by Bonferroni’s multiple comparisons
or unpaired ¢ test (two groups). A value of p < 0.05 was
considered statistically significant.

Results

Perampanel Protects Against OGD-Induced Cell
Injury in mBECs

To investigate the potential protective effect of perampanel
against ischemic injury, mBECs were treated with peram-
panel at different concentrations and exposed to OGD. The
results of WST assay showed that perampanel significantly
increased the cell viability after OGD in a dose-dependent
manner, although 1 pM perampanel was not effective
(Fig. 1a). As shown in Fig. 1b, perampanel treatment also
decreased the LDH release induced by OGD in mBECs. In
addition, flow cytometry was used to detect apoptotic cell
death after OGD injury (Fig. 1c). Perampanel at 3 pM and
higher markedly inhibited apoptosis in mBECs, whereas
the apoptotic rate of 1 pM perampanel group was not
altered as compared with OGD group (Fig. 1d).

Effects of Perampanel on Glutamate Receptors
Expression and Intracellular Ca**

To determine the effect of perampanel on the expression of
glutamate receptors, mBECs were treated with 10 uM
perampanel for 24 h. The results of western blot demon-
strated that neither the total expression nor the surface
expression of NR1 (Fig. 2a), GluR1 (Fig. 2b), GluR2
(Fig. 2¢), and mGluR1/5 (Fig. 2d) significantly changed in
perampanel treated mBECs, as compared with control
cells. AMPA receptors are demonstrated to be involved in
glutamate-associated excitotoxicity via regulating cation
homeostasis, thus we detected changes of intracellular
Ca”* concentrations after OGD and perampanel treatment.
As shown in Fig. 2e, the Ca®" concentration was detected
by calcium imaging, and the NMDAR antagonist MK-810
was used as a positive control. The OGD-induced increase
in intracellular Ca** was significantly suppressed by MK-
810, but not perampanel, suggesting that perampanel does
not affect the Ca®" influx after OGD insult in mBECs.
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Perampanel Abrogates Brain Endothelial Cell
Permeability in Response to OGD

To assess the effect of perampanel on BBB permeability in
our in vitro conditions, TEER was measured as a marker of
culture integrity and as a measure of paracellular perme-
ability (Fig. 3a). Exposing the mBECs to 2h OGD
increased permeability as shown by a reduction in TEER of
approximately 65 %. A time-response curve showed that
an obvious recovery of permeability and followed decrease
in TEER were observed after reperfusion. As shown in
Fig. 3b, perampanel treatment significantly reduced the
increase in permeability induced by the OGD protocol, as
presented by decreased AUC values.

Involvement of Claudin-5 in Perampanel-Induced
Protection in mBECs

To clarify the involvement of claudin-5 in perampanel-
induced protection against OGD, the expression of claudin-
5 mRNA was detected by RT-PCR at 3, 6, and 12 h after
OGD initiation (Fig. 4a). OGD treatment resulted in sig-
nificant decreases in claudin-5 mRNA at 3, 6, and 12 h, and
perampanel had no effect on the expression of claudin-5
mRNA. We also detected the expression of claudin-5 at
protein levels using western blot (Fig. 4b). The results
showed that OGD significantly decreased the expression of
claudin-5 protein in a time-dependent manner, which was
prevented by perampanel treatment (Fig. 4c). As shown in
Fig. 4d, the expression of claudin-5 in mBECs was
downregulated by transfection with claudin-5 specific tar-
geted siNRA (Si-claudin-5) to further confirm the
involvement of claudin-5 in perampanel-induced protec-
tion. The results of WST assay showed that perampanel-
induced protection increased in cell viability after OGD
was partially reversed by claudin-5 (Fig. 4e). A similar
result in brain endothelial cell permeability, as presented
by AUC values in TEER measurement, was also observed

(Fig. 4f).

Discussion

In mammalian central nervous system, overactivation of
the APMAR can induce severe neuronal damage, as is
evident for brain ischemia, and thus blockade of this
receptors is shown to be neuroprotective (Gill 1994).
Extensive investigations with APMAR antagonists have
demonstrated that the ideal compound was postulated to
have the following properties: the blockade of AMPAR
should be non-competitive and independent from the
membrane potential (Weiser 2002). Perampanel is a
recently developed noncompetitive AMPAR antagonist,
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Fig. 1 Perampanel protects against OGD-induced cell injury in
mBECs. mBECs were exposed to OGD with or without perampanel
(PER) at different concentrations. The cell viability (a) and LDH
release (b) were measured at 24 h after injury. Apoptotic cell death

which has been evaluated in many preclinical experiments
and clinical trials (Rugg-Gunn 2014). It is structurally
dissimilar to other AMPAR ligands and has been shown to
exert broad spectrum anticonvulsant activity in animal
models of epilepsy (Hanada 2014). Our present study
showed that perampanel protects mBECs against OGD-
induced neuronal injury in a dose-dependent manner,
which was associated with its anti-apoptotic activity.

In primary neuronal cultures, perampanel was shown to
inhibit AMPAR-mediated responses during neurotrans-
mission with an ICsy of 93-230 nM (Ceolin et al. 2012;
Hanada et al. 2011). Perampanel did not displace
[PHJAMPA binding activity at the concentration of
1.25 uM, and [*H]perampanel binding activity to rat
forebrain membranes was only slightly altered by high
concentrations of AMPA treatment, suggesting a non-
competitive interaction of perampanel with the AMPAR
(Hanada et al. 2011). Although the potential benefits of
noncompetitive antagonists over competitive antagonists
are not fully understood, noncompetitive antagonists are
shown to be effective in the presence of high agonist
concentrations, allowing them to be more effective under

v

was detected by flow cytometry (c), and the apoptotic rate was
calculated (d). Data are shown as mean £+ SD of five experiments.
#p < 0.05 versus control. *p < 0.05 versus OGD

conditions of increased excitation (Yamaguchi et al. 1993).
In addition, perampanel did not inhibit kainate- and
NMDAR-mediated responses, and, therefore, could exert a
low risk of the psychotomimetic side effects that are known
to be elicited by inhibition of NMDAR (Olney et al. 1991).
Our results using TEER assay showed that perampanel was
effective to reduce the increased brain endothelial cell
permeability under ischemic conditions, which was con-
sistent with previous study showing the effective BBB
penetration of perampanel (Hibi et al. 2012). These data,
for the first time, extended the protective effect of peram-
panel into brain ischemia in vitro, and the results observed
here should be further confirmed in in vivo models.
Under ischemic conditions, excitotoxicity induced by
excessive glutamate is mediated by activation of various
glutamate receptors, including NMDAR, AMPAR, and
metabotropic glutamate receptors (mGluRs). The expres-
sion of these receptors, especially the trafficking of these
receptors from the surface to the cytoplasm, directly affects
their functions in excitotoxicity and related neurological
diseases (Lau and Tymianski 2010; Wyllie et al. 2013). To
confirm the selectivity of perampanel for AMPAR over
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Fig. 3 Perampanel abrogates
brain endothelial cell
permeability in response to
OGD. mBECs were treated with
OGD with or without 10 pM
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was measured by TEER (a), and
the corresponding area under
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other glutamate receptors, we detected the total and surface
expression of glutamate receptors after perampanel treat-
ment. However, perampanel neither changed the expres-
sion of the various subunits constituting NMDAR,
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AMPAR, and mGluRs, nor influenced the surface distri-
bution of these glutamate receptors. These results indicated
that perampanel may not be related to the expression and
trafficking of these receptors, and its effects on
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Fig. 4 Involvement of claudin-5 in perampanel-induced protection in
mBECs. mBECs were exposed to OGD with or without 10 uM
perampanel (PER). The expression of claudin-5 mRNA was measured
by RT-PCR at different time points (a). The expression of claudin-5
protein was detected by western blot (b) and calculated (c). mBECs
were transfected with Si-claudin-5 or Si-control for 48 h, and the

excitotoxicity are presumably mediated by downstream
signaling of AMPAR. As the change in intracellular Ca®*
level is one of the critical initiators of ischemia-induced
neurotoxicity and apoptosis (Stanika et al. 2009), we also
monitored intracellular Ca®" after perampanel treatment
and OGD. In previous in vitro studies, perampanel was
shown to potently inhibit AMPA-induced increase in
intracellular Ca”, with no obvious effects NMDA-induced
Ca’* responses (Ceolin et al. 2012; Hanada et al. 2011). A
similar phenomenon was observed in our in vitro ischemic
models, suggesting that perampanel protects mBECs
against ischemia through a Ca®" independent mechanism.

The BBB provides anatomical and physiological pro-
tection for the brain via filtering harmful compounds from
the brain back to the bloodstream and shielding the brain
from toxic substances in the blood. It relies on the tight
junctions (TJs) that are present between the endothelial
cells to provide a closed environment for the brain (Jia
et al. 2014). The effects of brain ischemia on the BBB
permeability have been extensively studied, and altered
barrier function has been demonstrated in many in vitro
model systems, including immortalized mBEC, immortal-
ized human BEC, and rat primary BECs (Brown et al.
2008; Hawkins et al. 2015). In the present study, OGD
itself caused increased permeability, as evidenced by
decreased TEER values, which was partially reversed by
perampanel treatment, indicating that alterations in TJ
proteins might be involved in perampanel-induced
protection.

expression of claudin-5 was detected by fluorescence staining (d).
After siRNA transfection, mBECs were exposed to OGD with or
without 10 pM PER. The cell viability (e) and cell permeability
(f) were measured. Scale bar 20 pm. Data are shown as mean £+ SD
of five experiments. #p < 0.05 versus control. *p < 0.05 versus OGD.
&p < 0.05 versus Si-control

Claudin-5, a member of the integral membrane proteins
claudins, is a key component of the TJ strand, especially in
brain endothelial cells (Morita et al. 1999). It was shown to
mediate the changes in endothelial or epithelial perme-
ability in a number of pathological disorders, including
ischemia (Jia et al. 2014). In claudin-5 deficient mice, the
ability of the BBB to act against small molecules was
selectively reduced (Nitta et al. 2003). Our results of
western blot showed that OGD increased BBB permeability
in vitro in parallel with reduced expression levels of clau-
din-5 in a time-dependent manner, which was consistent
with a previous study using high glucose models (Liu et al.
2012), confirming that claudin-5 is a key determinant of
BBB permeability. The function of claudin-5 can be regu-
lated by many factors, such as cyclic AMP (cAMP), protein
kinase A (PKA), and transforming growth factor-B1 (TGF-
B1) (Ishizaki et al. 2003; Shen et al. 2011). In a previous
study, claudin-5 expression was shown to be regulated by
HIV-1 Tat protein via activation of vascular endothelial
growth factor receptor-2 (VEGFR-2) and multiple redox-
regulated signal transduction pathways (Andras and
Toborek 2011). Our results showed that the expression of
claudin-5 after OGD was preserved by perampanel treat-
ment in mBECs. To the best of our knowledge, this is the
first report of perampanel-induced regulation of claudin-5
expression in mBECs, as well as first such study to inves-
tigate the effects of AMPAR antagonist on claudin-5 reg-
ulation under ischemia conditions. Activation of AMPAR
can induce a variety of downstream kinases, including
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mitogen-activated protein kinase (MAPKSs), Src family
kinases, and calcium calmodulin-dependent protein kinase
II (Kalia et al. 2004; Wang et al. 2005; Neale et al. 2014),
which alone or in concert, can result in alterations of tight
junction phosphorylation in response to ischemia. A pre-
vious study showed that inhibition of AMPAR attenuated
glutamate-induced changes in occluding redistribution but
not in the total protein levels in brain endothelial cells
(Andras et al. 2007). Treatment with the AMPAR inhibitor
6,7-dinitroquinoxaline-2,3-dione (DNQX) was shown to
protect against hypophosphorylation of threonine residues
of occluding with no effect on disruption of endothelial
integrity. It is well known that both occludin and claudin-5
belong to tight junction-associated proteins, which play
important roles in BBB integrity (Haseloff et al. 2015).
Thus, these data strongly supported that the AMPAR
activity is involved in the regulation of tight junction-as-
sociated proteins. Intriguingly, the results of RT-PCR
showed that perampanel had no effect on decreased claudin-
5 mRNA after OGD. Thus, the perampanel-induced regu-
lation of claudin-5 expression at protein level might be
mediated by degradation-associated mechanism, which has
been investigated in previous studies and needs to be further
determined in in vivo models (Yang and Rosenberg 2011).
In conclusion, we have shown that perampanel, an orally
active noncompetitive AMPA receptor antagonist, exerts a
protective effect on an in vitro model of BBB permeability
in the setting of experimental ischemia (OGD) in mBECs.
The protective effect does not appear to involve any
alteration in the glutamate receptor expression and intra-
cellular Ca®" regulation. The perampanel-induced effects
on the BBB permeability after OGD might be mediated by
preservation of claudin-5 protein expression, possibly
through protein degradation-associated mechanisms.
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