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Abstract

Background: Ischemic stroke is mainly caused by cerebral artery thrombosis. This study investigated the role of glycine receptor beta
subunit (GlyR-/) in the recovery from cerebral ischemia stroke/reperfusion. Methods: The oxygen glucose deprivation and recovery
(OGD/R) bEnd3 cell model and the middle cerebral artery occlusion/reperfusion (MCAO/R) mouse model were used in this study.
Results: Expression of both the G/yR-3 gene and vascular endothelial growth factor (Vegf), cell proliferation, and tube formation ability
was decreased in bEnd3 cells after OGD/R, and was reversed by overexpression of GlyR-3. Neurological function, asindicated by
Zea Longa scores, area of cerebral ischemia, and pathological changes were increased in mice after MCAO/R, and were ameliorated
by overexpression of the glycine receptor beta (Glrb) gene at 24 h and 7 d after MCAO/R. Expression of GlyR-3 and Gap-43 was
decreased, and the expression of CD34, Vegf, and Bdnf, and cell growth as determined by a bromodeoxyuridine (BrdU) assay, increased
in the affected brain tissue of MCAO/R mice in a time-dependent manner. GlyR-$ overexpression resulted in enhanced expression of
CD34, Vegf, Growth association protein 43 (Gap-43), and brain-derived neurotrophic factor (Bdnf) and cell growth in affected brain tissue
of MCAO/R mice in a time-dependent manner. Conclusions: GlyR-3 promoted potential angiogenesis and neurological regeneration in
affected brain tissue, thus promoting recovery from cerebral ischemia stroke/reperfusion.
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1. Introduction subunits. While a-subunits bind ligands, S-subunits play a
structural role. The glycine receptor beta subunits (GlyR-3)
not only regulate and maintain structural integrity but may
also play a functional role in binding of the GlyR ligand
[13]. A study by Fujita et al. [14] revealed that GlyR-£5 is
widely and abundantly expressed in the rat brain. A mouse
glycine receptor beta (G/rb) mutation leads to a spastic phe-
notype [15]. A polymorphism in exon 8 has been found
in both healthy people and families affected by hyperven-
tilation syndrome [16]. In patients with diseases carrying
GIrb mutations, loss or acquisition of related functions or
changes in synaptic GlyR aggregation are observed [17,18].
Glrb mRNA levels are continuously decreased in neurovas-
cular units at 24 h and on the 7th day after stroke in a cere-
bral ischemia/reperfusion mouse model [19]. Accordingly,
GlyR might play a critical role in the development of cere-
bral ischemia. However, the role of the Glrb gene in neu-
rovascular injury and regeneration after stroke is still un-
clear.

Ischemic stroke is mainly caused by cerebral artery
thrombosis [1]. Cerebral artery occlusion leads to sec-
ondary thrombosis of downstream microvessels, leading
to dysfunction of brain endothelial cells, nerve cells, and
astrocytes; destruction of the blood brain barrier; and is-
chemic cell damage. The primary goal of the treatment
of ischemic stroke is to rapidly reopen the occluded ves-
sels, reinstate cerebral vascular flow in the ischemic cere-
bral microvascular bed, maintain the integrity of the ves-
sels, and reduce the necrosis of neurons to promote re-
covery. Recovery from ischemic stroke is a dynamic and
complex process, involving angiogenesis [2,3], nerve re-
generation [4—6], mobilization of the immune system [7—
9], and signaling pathways such as phosphatidylinositol 3-
kinase/threonine protein kinase B/mammalian target of ra-
pamycin (PI3K/Akt/mTOR) [10]. The underlying molecu-
lar mechanism is not completely clear.

The glycine receptor (GlyR) is a pentameric ligand-

gated ion-channel that mediates fast inhibitory neurotrans-
mission in the brain stem, spinal cord, and retina [11]. GlyR
could also control sensory functions and motor functions,
including audition and vision [12]. GlyR is an inhibitory
pentamer complex formed by alpha- («-) and beta- (5-)

In this study, we investigated the GIyR-/3 expression
profile and the role of GlyR-f3 expression during the re-
covery period from stroke ischemia/reperfusion using the
oxygen glucose deprivation and recovery (OGD/R) mouse
brain microvascular endothelial cell line (bEnd3) and the
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middle cerebral artery occlusion/reperfusion (MCAO/R)
mouse model. We found that the expression of the Girb
gene continuously decreases in damaged brain areas after
reperfusion from cerebral ischemic stroke. Overexpression
of the GIrb gene promoted potential angiogenesis and neu-
rological regeneration, thus promoting brain tissue repair
after cerebral ischemic stroke/reperfusion. Our findings
provide a clue to understanding underlying mechanisms and
identifying a target for intervention to promote recovery af-
ter cerebral ischemic stroke reperfusion.

2. Materials and Methods

2.1 Constructs

The plasmid pcDNA3.1-EGFP-Glrb was constructed
for the overexpression of the Glrb gene based on the full-
length coding sequence (CDS) of the mouse Glrb gene
(Gene ID: 14658). The CDS DNA fragment with an Nhel
restriction endonuclease site (gctage) at the 5’ end and an
EcoRI restriction endonuclease site (gaattc) at the 3’ end
was synthesized (Sangon, Shanghai, China) and cloned into
the plasmid vector pcDNA3.1-EGFP (enhanced green flu-
orescent protein) (catalogue number P1038, Miaoling Bi-
ology, Wuhan, China) after modification using Nhel (cat-
alogue number 1622, TaKaRa, Tokyo, Japan) and EcoRI
(catalogue number 1611, TaKaRa, Japan). The construct
was verified by Sanger sequencing. The expression effi-
ciency of the construct was tested in bEnd3 cells.

The adenoviral construct pDC316-mCMV-EGFP-
Glrb for the overexpression of the Girb gene was con-
structed using the full-length CDS of the mouse Glrb gene
(Gene ID: 14658). The CDS DNA fragment with an Apal
site (gggcece) at the 5’ end and a Pstl site (ctgcag) at the
3’ end was synthesized by Sangon (Shanghai) and cloned
into the vector pDC316-mCMV-EGFP (catalogue number
P1691, Miaoling Biology, China) after modification using
Apal (catalogue number 1604, TaKaRa, Japan) and Pstl
(catalogue number 1624, TaKaRa, Japan). The construct
was verified by Sanger sequencing. A two-plasmid system
consisting of the shuttle plasmid pDC316-mCMV-EGFP
and the skeleton plasmid pBHGlox (delta) E1, 3cre, and
293A cells was used for virus packaging. The titers of
pDC316-mCMV-EGFP and pDC316-mCMV-EGFP-Glrb
were 1.2 x 107 TU/mL and 1.0 x 10? TU/mL, respectively.

2.2 Culture and Treatment of Cells

The mouse brain microvascular endothelial cell line
bEnd3 was purchased from Beina Bio (Beijing, China).
Cells were cultured in dulbecco’s modified eagle medium
(DMEM) medium (catalogue number 11995-065, Gibco,
Grand Island, NY, USA) supplemented with 1% penicillin-
streptomycin (catalogue number C0222, Beyotime, Shang-
hai, China) and containing 10% fetal bovine serum (cata-
logue number 10099-141, Gibco, USA) at 37 °C and 5%
CO;. The bEnd3 cell line was validated and tested nega-
tive for mycoplasma.

The bEnd3 cells were divided into three groups: the
Control group (CTL; bEnd3 cells were cultured normally
and then transfected with a blank vector pcDNA3.1-EGFP),
the OGD/R group (bEnd3 cells were subjected to oxygen
glucose deprivation and recovery (OGD/R) and then trans-
fected with a blank vector), and the OGD/R+Glrb group
(bEnd3 cells were subjected to OGD/R and then transfected
with the pcDNA3.1-EGFP-Glrbvector). To establish the
OGDJ/R cell model, bEnd3 cells in the logarithmic growth
phase were cultured in glucose-free medium under hypoxic
conditions for 2 h and then cultured in normal medium un-
der normal conditions. After 24 h, the bEnd3 cells were
transfected with GlyR-$ overexpression and/or blank vec-
tors using Lipofectamine 2000 (catalogue number 31985-
070, Invitrogen, Carlsbad, CA, USA) for 4-6 h. The cells
were then cultured using completely fresh medium for 48 h
prior to use.

2.3 Quantitative Polymerase Chain Reaction (qPCR)

The levels of mRNA of Glrb, Vegf, Bdnf, and Growth
association protein 43 (Gap-43) were determined using
quantitative polymerase chain reaction (qPCR). Total
RNA was extracted from cell and tissue samples using
RNAiso (catalogue number 9109, Takara, Tokyo, Japan).
Complementary DNA (cDNA) was synthesized using
random primers and the Hifair ® II kit (catalogue num-
ber 11121ES60, Yeasen, Shanghai, China). The qPCR
reaction was carried out using specific primers, SYBR
green [ fluorescent dye (catalogue number 10222ES60,
Yeasen, China), and Hieff UNICON Universal Blue gPCR
SYBR Green Master Mix (catalogue number 11184ES03,
Yeasen, China) on a qPCR system (Model Stepone plus,
ABI, Norwalk, CT, USA). The qPCR reaction conditions
were as follows: Initial, 95 °C, 2 min; Denaturation,
95 °C, 10 s, 40 cycles; Annealing/extension, 60 °C,
30 s; In the melting curve stage, the instrument was
set to default mode. The primers included Gapdh-F,

CAGAAGGGGCGGAGATGAT;  Gapdh-R, AGGC-
CGGTGCTGAGTATGTC; GIrb-F, GTTGTTTGAA-
GACGCTTGTGCT; Girb-R, AGGAATGC-

CTTTGAAGTTTGGT; Vegf-F, ATCTTCAAGCCGTC-
CTGTGTGC; Vegf-R, ACTCCAGGGCTTCATCGTTA;

Bdnf-F, TCTGACGACGACATCACTGGCT; Bdnf-
R, CCTTATGGTTTTCTTCGTTGGG; Gap-43-F,
CCAAACAGGTTGAAAAGAATGAT;, and Gap-43-

R, AGCTTTTTCCTTGTTATGTGTCCA. Gapdh was
used as an internal reference gene. The fold changes were
calculated using 2 (—AACH,

2.4 Western Blotting

The bEnd3 cells were lysed in cell lysis buffer (cat-
alogue number P0013, Beyotime, Shanghai, China) af-
ter treatment. Concentrations of protein were verified
using a bicinchoninic acid assay (BCA) kit (catalogue
number P0010, Beyotime, China). The samples were
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loaded and resolved on an sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) gel by elec-
trophoresis. Protein in the SDS-PAGE gel was transferred
onto a polyvinylidene fluoride (PVDF) membrane (cata-
logue number FFP24, Beyotime, China). After blocking
using 5% skimmed milk, the PVDF membranes were incu-
bated using the rabbit anti-Glrb antibody (catalogue number
15371-1-AP, Protentech, Wuhan, China) and the rabbit anti-
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) an-
tibody (catalogue number ET1601-4, Huabio, Zhejiang,
China) (1:1000 dilution) at 4 °C overnight. After be-
ing probed with horseradish peroxidase (HRP)-labeled
goat anti-rabbit [gG (catalogue number A0208, Beyotime,
China) (1:1000 dilution) at room temperature for 1 h, the
membrane was incubated with enhanced chemilumines-
cence (ECL) solution (catalogue number P1050, Applygen,
Beijing, China) for signal development. The signal was
detected using a Tanon-4200 Gel Imaging System (Model
Tanon-4200, Tanon, Shanghai, China).

2.5 CCK-8 Assay

Proliferation activity of the cells in each group was de-
termined using the cell counting kit-8 (CCK-8) assay. After
OGD/R and transfection, the bEnd3 cells were inoculated
in 96-well plates at a density of 5000—10,000 cells per well.
After culturing for 72 h, CCK-8 reagent (catalogue number
C0039, Beyotime, China) was added, followed by incuba-
tion for 1 h. Absorbance was measured at a wavelength of
450 nm. Cell survival rates were calculated.

2.6 Tubing Formation Assay

The bEnd3 cells that had been cultured for 72 h af-
ter OGD/R and transfection treatment in 6-well plates were
collected and diluted to a density 8 x 10° cell/mL in
medium. An aliquot of 50 pL cell suspension was added to
Matrigel (catalogue number 354230, BD Biosciences, San
Jose, CA, USA) and cultured overnight. Tubing formation
was observed and recorded after 24 h. Quantitative analysis
was carried out using Image-J software (Version 1.8.0.345,
National Institutes of Health, Bethesda, MD, USA), fol-
lowing published protocols [20,21]. Three representative
images from different field views in each treatment group
were analyzed.

2.7 Immunocytochemistry and Immunohistochemistry

Vegf expression in bEnd3 cells was detected using
immunocytochemistry. After treatment, bEnd3 cells were
fixed on cover slips using 4% paraformaldehyde (catalogue
number C104188, Aladdin, Shanghai, China) and incu-
bated with 0.5% Triton X-100 (catalogue number A600198,
Sangon, Shanghai, China) for 20 min, then incubated
with 3% H3O2 for 15 min at room temperature. Af-
ter washing with phosphate buffered saline (PBS), cells
were treated with Vegf antibody (dilution ratio 1:200, cat-
alogue number bs-1665R, Bioss, Beijing, China) at 4 °C
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overnight. After rewarming for 30 min at room tempera-
ture and washing with PBS, the cells were incubated with
the secondary antibody (HRP-labeled, dilution ratio 1:50,
goat anti-rabbit IgG, catalogue number A0208, Beyotime,
China) at room temperature for 1 h. After washing with
PBS, 3,3’-diaminobenzidine (DAB) was applied to the cells
for 2 min and then they were washed with PBS. The cells
were stained using Hematoxylin (catalogue number C0107,
Beyotime, Shanghai, China) for 5 min and then washed
with tap water. The stain was sealed with neutral gum and
observed and recorded under a microscope (Model DM750,
Leica, Wetzlar, Germany).

Expression of the GlyR-3, CD34, Vegf, Bdnf, and
Gap-43 proteins in the mouse brain tissue was determined
using immunohistochemistry. The brain tissue was washed
with PBS, fixed with 4% paraformaldehyde, sequentially
dehydrated with gradient ethanol, treated with xylene, em-
bedded in paraffin, and cut into 5-pm slices. After being
placed on coverslips, the slices were dewaxed using xylene,
rehydrated with ethanol, and then treated with citrate buffer
at between 92 °C and 98 °C for 10—15 min. After cooling
to room temperature and washing with PBS, 0.5% TritonX-
100 was added to the sliced tissue and they were incubated
at room temperature for 20 min. Following, the slices were
incubated with 3% H5O5 at room temperature for 15 min
and then incubated with the primary antibody (dilution ratio
1:200) at 4 °C overnight and then incubated with the sec-
ondary antibody (HRP-labeled, dilution ratio 1:50) for 60
min. The slices were washed with PBS after each treatment.
DAB was applied to the slices for 1-10 min and then they
were washed with distilled water twice for 5 min. The slices
were then stained using hematoxylin for 5 min, washed with
tap water, sequentially dehydrated with ethanol (75, 85, 95,
100%), treated with xylene, and finally sealed with neutral
gum. The slices were observed and recorded under a micro-
scope (Model DM750, Leica, Germany). The following an-
tibodies were used: Bdnf (rabbit, catalogue number 25699-
1-AP, Protentech, Wuhan, China), CD34 (rat, catalogue
number ab8158, Abcam, Cambridge, UK), Gap-43 (rabbit,
catalogue number ab75810, Abcam, Cambridge, UK), Vegf
(rabbit, catalogue number bs-1665R, Bioss, China), and
HRP-labeled goat anti-rat IgG (catalogue number A0192,
Beyotime, China).

2.8 Animal Model and Treatment

Specific pathogen-free (SPF) healthy adult male
C57BL/6 mice (6-8 weeks old, 20-25 g in weight, n =
56) were purchased from Chengdu Yaokang Biotechnol-
ogy Co., Ltd. (Sichuan, China) and kept in the internal
animal facility with a 12 h/12 h light/dark cycle, free ac-
cess to food and water, at 23-25 °C for 1 week. All
animals were injected with 50 mg/kg BrdU (Cat. No.
40204ES60, YEASEN, Shanghai, China) intraperitoneally
7 days prior to operation. The animals were divided
into three groups: the Control group (CTL, n = 16) (the
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mice were sham-operated and injected with the blank vec-
tor pDC316-mCMV-EGFP), the MCAO/R group (n = 16)
(the mice were subjected to MCAO/R and then injected
with the blank vector pDC316-mCMV-EGFP), and the
MCAO/R+GIlyR-$ group (n = 16) (mice were subjected
to MCAO/R and then injected with the vector pDC316-
mCMV-EGFP-Glrb). According to occlusion of the right
middle cerebral artery (MCA) in mice using the Longa
thread embolism method, an improved model of acute lo-
cal cerebral ischemia/reperfusion was established. Reper-
fusion was performed 2 h after ischemia. A total of 40 mice
were subjected to MCAO/R. After 34 h, the mice were
subjected to Zea Longa Grade 5 neurological deficit evalu-
ation. Mice with scores 2—3 were selected and randomly di-
vided into the MCAO/R group and the MCAO/R+GlyR-f3
group. The expression vector pDC316-mCMV-EGFP-Glrb
(titer >1 x 10'* PFU/mL) was then injected at 1 pL/min
into the right ventricle (ischemic) at a dose of 5 uL./mouse.
The CTL group and the MCAO/R group were injected with
equal amounts of the blank vector pDC316-mCMV-EGFP.
Zea Longa Grade 5 neurological deficit was evaluated at 24
h and on the 7th day after ischemia reperfusion. After anes-
thesia with 1.25% tribromoethanol (0.2 mL/10 g; Cat. No.
T161626, Aladdin, Shanghai, China), the abdominal and
thoracic cavities of the mice were opened. After perfus-
ing the heart with physiological saline, it was then perfused
with polyformaldehyde. After perfusion, mice were killed
by cervical dislocation, and the skull was opened to remove
brain tissues for pathological and molecular examination.

2.9 TTC Staining of Mouse Brain Tissues

The mice were anesthetized by intraperitoneal injec-
tion of 1.25% tribromoethanol at a dose of 0.2 mL/10 g and
the cerebral tissue was rapidly collected. After rapid freez-
ing at —80 °C for 5 min, the brain tissue was cut into 2-mm
thick slices. The slices were placed in 1% triphenyltetra-
zolium chloride (TTC) (catalogue number T8877, Sigma,
St. Louis, MO, USA) and incubated in a 37 °C water bath
for 15 min. The stained sections were removed and fixed
in 4% paraformaldehyde (catalogue number A500684, San-
gon, Shanghai, China) for 24 h. Infarcted areas were eval-
uated and recorded photographically. Normal tissue was
stained red, while ischemic tissue was paler. Quantitative
analysis was performed using Image-J software (National
Institutes of Health, USA) following the published proto-
col [21,22].

2.10 Hematoxylin and Eosin Staining

The mouse brain tissue sections were stained with
hematoxylin dye (catalogue number D005-1-3, Nanjing
Jiancheng, Jiangsu, China) for 10 min and then rinsed with
tap water for approximately 5 min and with distilled wa-
ter for several seconds. After incubation with 1% hy-
drochloric acid alcohol for decolorization, the sections were
stained with eosin dye (catalogue number C0109, Bey-

otime, China) for 30 s, and then rinsed with tap water for
3 min and with distilled water for seconds. The stained
tissue sections were sealed with neutral resin (catalogue
number E675007, Sangon, China) and then examined and
recorded under a microscope (Model DM750, Leica, Ger-
many). Histopathological damage scores were determined
following the published literature [23]: 0, without morpho-
logical damage; 1, slight damage with edema or dark neu-
rons; 2, moderate damage with edema or hemorrhages; and
3, severe damage with local damage.

2.11 BrdU Assay

The regeneration of mouse brain cells was determined
using the BrdU assay. BrdU (50 mg/kg) was injected in-
traperitoneally 7 days before the operation. The mouse
brain tissue was rapidly frozen at —80 °C, embedded with
optimal cutting temperature compound (OCT), and frozen.
The embedded tissue blocks were cut to obtain 5-pum slices
using a freezing microtome (CM3050 S, Leica). Slices
were incubated with adequate HCl (2 M) drops at 37 °C
for 30 min. Tissue sections were subjected to immunohis-
tochemistry using the primary antibody for BrdU (dilution
ratio 1:200, mouse anti-BrdU, catalogue number 66241-1-
Ig, Proteintech, Wuhan, China) and the secondary fluores-
cent antibody Cy3 (dilution ratio 1:800, goat anti-mouse
IgG H&L, Cy3®, catalogue number ab97035, Abcam,
UK). 4,6-diamino-2-phenyl indole (DAPI) (catalogue num-
ber C1006, Beyotime, China) was applied to stain the nuclei
of cells. The samples were sealed with anti-fluorescence
quenching agent and then examined and recorded under a
laser scanning confocal microscope (TCS SP2 AOBS, Le-
ica, Germany). BrdU positive cells were counted. Three
representative images from different field views from each
treatment group and time point were analyzed.

2.12 Statistical Analysis

Quantitative data were statistically analyzed us-
ing Prism Graphpad 8.0 (GraphPad Software, La Jolla,
CA, USA). One-way analysis of variance (ANOVA) and
Tukey’s multiple comparison test were used to analyze
statistical differences among the cell model experiment
groups. Two-way ANOVA was used to analyze statisti-
cal differences among the animal model experiment groups.
Tukey’s multiple comparison test was used for the single
time point treatment groups. Sidak’s multiple comparison
test was used for the different time points of the same group.
p < 0.05 was defined as indicating a significant difference.

3. Results

3.1 Expression of the Glrb Gene and Proliferation of
bEnd3 Cells Decreased After OGD/R and Was Reversed
by Overexpression of GIyR-f3

To investigate the expression and role of Glrb during
ischemic stroke recovery, we cultured bEnd3 cells under
normal conditions (the CTL group) or subjected the cells
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to OGD/R treatment, which mimicked the ischemic stroke
condition, and then transfected them with the pcDNA3.1-
EGFP (the OGD/R group) or pcDNA3.1-EGFP Glrb plas-
mid (the OGD/R+GlyR-£ group), and determined the Glrb
mRNA and protein levels, and cell proliferation. The
results showed that pcDNA3.1-EGFP Glrb was overex-
pressed in bEnd3 cells (Fig. 1a). The levels of GIrb mRNA
(Fig. 1b) and protein (Fig. lc,d) in the OGD/R group were
decreased compared with the CTL group. They were sig-
nificantly higher in the OGD/R+GlyR-5 group than in the
OGD/R group. The proliferation of bEnd3 cells decreased
after OGD/R and was reversed by GIlyR- overexpression
(Fig. le). The results suggested that expression of the
Glrb gene and proliferation of bEnd3 cells decreased after
OGD/R. Transfection of the pcDNA3.1-EGFP Glrb plas-
mid reversed these decreases.

3.2 Overexpression of the Glrb Gene Promoted Tube
Formation Ability and Vegf Expression in bEnd3 Cells
After OGD/R

To investigate the role of G/yR- 3 during recovery from
ischemic stroke, we determined the tube formation ability
and expression of Vegf of bEnd3 cells in the CTL group,
the OGD/R group, and the OGD/R+GlyR-3 group. The
results showed that tube formation abilities in the OGD/R
group decreased compared with those of the CTL group,
and were significantly higher in the OGD/R+GlyR-/ group
than in the OGD/R group (Fig. 2a—c). The immunocyto-
chemical results showed that the expression of Vegf protein
in the OGD/R group also decreased compared with the CTL
group. However, expression was significantly higher in the
OGD/R+GlyR-£ group than in the OGD/R group (Fig. 2d).
The results suggested that the tube formation ability and
Vegf expression of bEnd3 cells decreased significantly af-
ter OGD/R, and transfection of the pcDNA3.1-EGFP Glrb
plasmid reversed those decreases.

3.3 Expression of Glrb Gene Decreased in the Brain
Tissues of MCAO/R Mice in a Time-Dependent Manner

To investigate the expression and role of GlyR-/3 dur-
ing ischemic stroke recovery, we examined G/rb mRNA
and protein expression in mouse brain tissue in the CTL
group, the MCAO/R group, and the MCAO/R+GlyR-f3
group using qPCR and immunohistochemical assay. The
results showed that the level of Glrb mRNA (Fig. 3a) and
the expression of proteins (Fig. 3b) in the brain tissue of the
MCAO/R group were significantly lower than those of the
CTL group at 24 h and on the 7th day. They were signif-
icantly higher in the MCAO/R+GlyR-f group than in the
MCAO/R group at 24 h and on the 7th day, but still sig-
nificantly lower than in the CTL group. They were signifi-
cantly or tended to be lower on the 7th day than those at 24
h in the MCAO/R group and the MCAO/R+GlyR-£3 group.
The results suggested that the expression of the GIrb gene in
the damaged brain tissue of MCAO/R mice decreased con-
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tinuously in a time-dependent manner. This decrease was
reversed by infection with the pDC316-mCMV-EGFP Glrb
adenovirus.

3.4 Overexpression of the Glrb Gene Improved
Neurological Function, the Area of Cerebral Ischemia,
and Pathological Changes in MCAO/R Mice

We examined the neurological function of mice in the
CTL group, the MCAO/R group, and the MCAO/R+GIlyR-
B group using Zea Longa Grade 5 neurological deficit
scores. The results showed that the Zea Longa score in the
MCAO/R group was significantly higher than that in the
CTL group at 24 h and on the 7th day (Fig. 4a). The score
was significantly lower in the MCAO/R+GlyR-5 group
than in the MCAO/R group at 24 h, and lower than that
in the MCAO/R group on the 7th day, but still higher than
that in the CTL group (Fig. 4a). The score was significantly
lower on the 7th day than that at 24 h in the MCAO/R group
or the MCAO/R+GlyR-$ group (Fig. 4a). The results sug-
gested that MCAO/R induced a neurological deficit in the
mouse brain tissue, and overexpression of GIlyR-S signifi-
cantly ameliorated the neurological impairment induced by
MCAO/R.

We examined the area of cerebral ischemia in
mice in the CTL group, the MCAO/R group, and the
MCAO/R+GlyR-f group using TTC staining. The results
showed that there was no pale area in the brain tissue of the
CTL group. Pale areas were present in the brain tissue of the
MCAO/R group at 24 h and on the 7th day, and a small num-
ber of red spots appeared in the pale areas at 7 d (Fig. 4b,c).
Pale areas were also present in the MCAO/R+GlyR- group
at 24 h and on the 7th day after MCAO/R. However, un-
like the MCAO/R group, there were obvious red patches in
the pale areas of the MCAO/R+GlyR-5 group, and there
were more red patches in the pale areas on the 7th day than
in those at 24 h after MCAO/R. Compared with the CTL
group, the ischemic area of brain tissue in the MCAO/R
group and the MCAO/R+GlyR-5 group appeared signifi-
cantly larger at 24 h and on the 7th day (Fig. 4b,c), and the
ischemic areas on the 7th day were smaller than those at 24
h (Fig. 4b,c). Compared with the MCAO/R group, the is-
chemic areas of the MCAO/R+GlyR-3 group at 24 h and
on the 7th day were smaller (Fig. 4b,c). The results sug-
gested that MCAO/R induced cerebral ischemia in mice,
and GlyR-( overexpression continuously reduced the cere-
bral ischemic areas in mice after MCAO/R.

We examined the pathological changes of the
mice in the CTL group, the MCAO/R group, and the
MCAO/R+GlyR-f group using hematoxylin-eosin (H&E)
staining. The results showed that at 24 h and on the 7th
day in the CTL group, the cells were ordered, with large
nuclei, uniform chromatin distribution, clear nucleoli, and
no degeneration. Cell damage and other lesions were found
(Fig. 5a,b). In the MCAO/R group, cells were arranged
disorderly. The nuclei were fragmented, dissolved, and
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Fig. 1. GlyR-{3 expression and cell viability of bEnd3 cells decreased after oxygen glucose deprivation and recovery (OGD/R)
and was reversed by transfection with the pcDNA3.1-EGFP-GIrb vector. (a) The level of Glrb mRNA was significantly increased
in bEnd3 cells transfected with the pcDNA3.1-EGFP-Glrb vector. In the Normal group, the bEnd3 cells were normally cultured; in the
CTL group, the bEnd3 cells, were transfected with vector pcDNA3.1-EGFP; in the GlyR-5 group, the bEnd3 cells were transfected
with pcDNA3.1-EGFP-Glrb. **** p < 0.0001 vs Normal; **_ p < 0.0001 vs Control. (b,c) GIrb mRNA (b) and protein (c) expression
decreased in the bEnd3 cells after OGD/R and was reversed by transfection with the pcDNA3.1-EGFP-Glrb vector. In the CTL group, the
bEnd3 cells were cultured normally, transfected with blank vector pcDNA3.1-EGFP, and then cultured normally; in the OGD/R group,
the bEnd3 cells were subjected to OGD/R, then transfected with blank vector pcDNA3.1-EGFP, and then cultured normally; in the
OGD/R+GlyR-3 group, the bEnd3 cells were subjected to OGD/R, then transfected with the GIyR-/3 overexpression vector pcDNA3.1-
EGFP-Glrb, and then cultured normally. qPCR was used to detect the levels of G/rb mRNA (a,b). Western blotting was used to detect
levels of the GlyR- protein (c). The Gapdh gene was used as the internal reference gene. (d) Quantitative analysis of the western blot
results in (c). (e) Cell proliferation activity was examined using CCK-8. **, p =0.002, *** p = 0.0003, **** p=0.0001, vs Control;
# p=0.026," p=0.0003, vs OGD/R. GlyR-S, glycine receptor beta subunit; Glrb, glycine receptor beta; OGD/R, oxygen glucose
deprivation and recovery; CTL, control group; qPCR, quantitative polymerase chain reaction; CCK-8, cell counting kit-8.
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Fig. 2. GlIrb gene overexpression promoted the ability of bEnd3 cells to form tubes and Vegf expression after OGD/R. The bEnd3
cells were divided into three groups: the CTL group, the OGD/R group, and the OGD/R+GlyR-$ group. The bEnd3 cells were cultured
for 72 h after transfection with the corresponding plasmids. (a) The tube formation ability of the cells was tested using a tube formation
assay. Microscopic observations and photographic record. (b) and (c¢) Quantitative analysis and comparison of the tube formation

capabilities in all groups. (b) *, p = 0.024, *** p=0.0002 vs Control; * p = 0.0028 vs OGD/R. (c) ***, p = 0.0007 vs Control; #, p =
0.0075 vs OGD/R. (d) Vegf expression was detected using immunocytochemistry. Microscopic observation and photographic record.
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Fig. 3. Expression of the Glrb gene was decreased in the
brain tissue of MCAO/R mice in a time-dependent manner.
C57BL/6 mice were divided into three groups: The CTL group,
MCAO/R group, and the MCAO/R+GlyR-5 group. At 24 h and
on the 7th day, brain tissue was collected. (a) G/rb mRNA levels.
Total RNA was extracted from each sample, and the level of Glrb
mRNA was detected using qPCR. The Gapdh gene was used as
an internal reference gene. **** p < 0.0001 vs Control; “**, p
< 0.0001 vs MCAO/R; @, p =0.012 vs MCAO/R at Day 1; &,
p =0.013, vs MCAO/R+GlyR-f at Day 1. (b) Expression of the
GlyR-f protein. Expression of the GlyR- protein in tissue was
detected using immunohistochemistry. The black arrows indicate
GlyR- expression (brown stained areas). Microscopic observa-
tion and photographic record. MCAO/R, middle cerebral artery
occlusion/reperfusion.

had disappeared. Cell damage was obvious at 24 h. Cell
damage was still visible on the 7th day, and the range was
even slightly larger than that at 24 h (Fig. 5a,b). In the
MCAO/R+GIyR-5 group, cells were arranged disorderly
at 24 h, and the nuclei were fragmented, dissolved, and had
disappeared. Cell damage was obvious and the magnitude
was slightly smaller than that in the MCAO/R group
(Fig. 5a,b). Cells were disorderly arranged on the 7th
day, but the range of cell damage was significantly lower
than that at 24 h or that on the 7th day in the MCAO/R
group. Neuronal pyknosis remained, but cell damage on
the infarcted side was significantly reduced (Fig. 5a,b).
The results suggested that MCAO/R caused pathological

damage to the mouse brain tissue, which lasts at least 7
days after injury. GlyR- overexpression promoted the
pathological recovery of damaged brain tissue after injury.

3.5 Overexpression of the Glrb Gene Promoted the
Expression of CD34 and Vegf'in the Ischemic Brain
Tissues of MCAO/R Mice

We examined the expression of the CD34 and Vegf
genes in the ischemic infarcted areas of mouse brain tis-
sue in the CTL group, the MCAO/R group, and the
MCAO/R+GlyR-f group using immunohistochemistry and
gPCR. The results showed that the expression of the CD34
protein in the ischemic brain tissue of the MCAO/R group
was higher than that of the CTL group at 24 h and on the 7th
day (Fig. 6a). They were higher in the MCAO/R+GlyR-j3
group than in the MCAO/R group at 24 h and on the 7th
day (Fig. 6a). They were higher on the 7th day than at 24 h
in the MCAO/R group and in the MCAO/R+GlyR-/ group
(Fig. 6a). The results suggested that MCAO/R caused a
continuous increase in expression of the CD34 protein in
a time-dependent manner, and overexpression of GlyR-/3
promoted expression of the CD34 protein in damaged brain
tissue.

Vegf mRNA levels (Fig. 6b) and protein expres-
sion (Fig. 6¢) in damaged brain tissue of the MCAO/R
group and the MCAO/R+GlyR-f group were significantly
higher than in the CTL group at 24 h and on the 7th day.
They were significantly higher in the MCAO/R+GlyR-/3
group than the MCAO/R group at 24 h and on the 7th
day. Vegf mRNA levels (Fig. 6b) and/or protein expres-
sion (Fig. 6¢) increased significantly or slightly on the 7th
day compared with at 24 h in the MCAO/R group and
the MCAO/R+GlyR-$ group. The results suggested that
MCAO/R caused a continuous increase in the expression
of the Vegf gene. GIlyR-(3 overexpression promoted expres-
sion of the Vegf gene in damaged brain tissue, and the de-
gree of promotion did not change dramatically over time.

3.6 Overexpression of the Glrb Gene Promoted Cell
Regeneration, and Bdnf and Gap-43 Expression in the
Ischemic Brain Tissues of MCAO/R Mice

We examined cellular regeneration in mouse
brain tissue in the CTL group, MCAO/R group, and
MCAO/R+GlyR-3 group using the BrdU assay. The
results showed that the number of BrdU positive cells
in the brain tissue of the MCAO/R group and the
MCAO/R+GlyR-3 group was higher than in the CTL
group at 24 h and on the 7th day (Fig. 7a,b). The number
was higher in the MCAO/R+GlyR-3 group than in the
MCAOJ/R group both at 24 h and on the 7th day (Fig. 7a,b).
The number was higher on the 7th day than at 24 h in
the MCAO/R group and in the MCAO/R+GIlyR-5 group
(Fig. 7a,b). The results suggested that there was cellular
regeneration in the mouse brain tissue after MCAO/R.
Overexpression of GIyR- promoted cell regeneration in
damaged brain tissue.
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Fig. 4. Overexpression of the Glrb gene promoted neurological function recovery and reduced the area of cerebral ischemia of
MCAO/R mice. C57BL/6 mice were divided into three groups: the CTL group, the MCAO/R group, and the MCAO/R+GlyR-£ group.
(a) Zea Longa Grade 5 neurological deficit scores were measured at 24 h and on the 7th day after MCAO/R. **** p < 0.0001 vs Control;
## p=0.001 vs MCAO/R; ®@@ p=0.0006 vs MCAO/R at Day 1; %%, p=0.0021 vs MCAO/R+GlyR-£ at Day 1. (b) Brain tissue was
stained with tetrazolium chloride (TTC). (c) Quantitative analysis of changes in the ratio of cerebral ischemia in all groups. **** p <
0.0001 vs Control; “*_ p < 0.0001 vs MCAO/R; @, p =0.0399 vs MCAO/R at Day 1; ¢, p < 0.0158 vs MCAO/R+GlyR-3 at Day 1.

We examined the expression of the Bdnf and Gap-43
genes in mouse brain tissue in the CTL group, the MCAO/R
group, and the MCAO/R+GlyR-§ group using qPCR and
immunohistochemistry. The results showed that the lev-
els of Bdnf gene mRNA (Fig. 8a) and protein expression
(Fig. 8b) in the MCAO/R group and the MCAO/R+GlyR-f3
group were significantly higher than those of the CTL group
at 24 h and on the 7th day. They were significantly higher
in the MCAO/R+GlyR-/ group than in the MCAO/R group
at 24 h and on the 7th day. The increases in Bdnf gene
mRNA levels (Fig. 8a) and protein expression (Fig. 8b) on
the 7th day were significantly lower than those of 24 h in
the MCAO/R group and the MCAO/R+GlyR-$ group. The
results suggested that MCAO/R resulted in increases in the
expression of the Bdnf gene in damaged mouse brain tis-
sue, and the degree of increase decreased with time. GIlyR-
[ overexpression continuously promoted the expression of
the Bdnf gene in brain tissue damaged by MCAO/R, and
the degree of increase decreased over time.
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Conversely, the mRNA levels (Fig. 8c) and protein
expression (Fig. 8d) of the Gap-43 gene in the brains of
the MCAO/R group and the MCAO/R+GlyR- group were
significantly lower than those of the CTL group both at
24 h and on the 7th day. However, they were signifi-
cantly higher in the MCAO/R+GlyR-3 group than in the
MCAOT/R group at 24 h and on the 7th day (Fig. 8c,d). In
the MCAOJ/R group, the Gap-43 mRNA levels (Fig. 8c) and
protein (Fig. 8d) expression were significantly or slightly
higher on the 7th day than at 24 h. In the MCAO/R+GlyR-
B group, the Gap-43 mRNA levels (Fig. 8c) and protein
expression (Fig. 8d) were almost the same at 24 h and on
the 7th day. The results suggested that MCAO/R caused a
reduction in the expression of the Gap-43 gene in the dam-
aged mouse brain tissue, and the expression of the Gap-43
gene increased with time after reduction. GIlyR-f overex-
pression promoted the expression of the Gap-43 gene for at
least 7 days in damaged mouse brain tissue after MCAO/R.
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Fig. 5. Girb gene overexpression improved pathological changes in MCAO/R mice. C57BL/6 mice were divided into three groups:
the CTL group, the MCAO/R group, and the MCAO/R+GlyR- group. Brain tissue was subjected to hematoxylin-eosin (H&E) staining
at 24 h and on the 7th day. (a) Microscopic observation and photo recording. The black arrows indicate areas of lesion (the ischemic

central area is lightly stained and shows a mesh-like pattern). (b) Quantitative analysis of pathological changes in all groups. **** p <

0.0001 vs Control; ™, p = 0.0026 vs MCAO/R.

4. Discussion

The results of our investigation prove that GlyR- ex-
pression was decreased in mouse bEnd3 cells after OGD/R.
These findings are consistent with the results of the in vivo
study by Kestner et al. [19]. We observed that GlyR-/3 was
expressed in the normal cerebra of mice, which is consistent
with Fujita ef al.’s [14] study in a rat model. Furthermore,
we found that GlyR-8 expression in the damaged cere-
bral area was continuously decreased using the C57BL/6J
model after MCAO/R. It is likely that GlyR-/3 expression
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is decreased in the damaged cerebral area, especially in
the endothelial cells after ischemic stroke/reperfusion. As
we only studied 24 h and 7 d after MCAO/R, whether
GlyR-f continues to decline after 1 week of ischemic
stroke/reperfusion remains to be further studied.

OGD/R and MCAOJ/R are often used to mimic the sit-
uation after reperfusion of ischemic stroke/reperfusion in
vitro and in vivo, respectively. In the current study, we
found that the proliferation, tube formation ability, and Vegf
expression of bEnd3 cells are significantly decreased after
OGDJ/R, and that neurological deficit, the ischemic area,
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Fig. 6. Overexpression of the Glrb gene promoted the expression of CD34 and Vegf in damaged brain tissue of MCAO/R mice.
C57BL/6 mice were divided into three groups: the CTL group, the MCAO/R group, and the MCAO/R+GlyR-8 group. At 24 h and on
the 7th day, brain tissue was collected. (a) CD34 expression in the collected tissue was detected using an immunohistochemical assay.

Microscopic observation and photo recording. The black arrows indicate expressed CD34. (b) The levels of Vegf mRNA in the collected

tissue was determined using qPCR. Here, the value of the CTL group was set to “1”, while the values of the other groups are multiples

(folds) of “1”. Therefore, this graph represents the significant differences in Vegf expression among the groups. The Gapdh gene was
used as an internal reference gene. *, p =0.021, **** p < 0.0001 vs Control; “*# p < 0.0001 vs MCAO/R; ee, p=0.0027 vs MCAO/R
on Day 1. (c) The expression of the Vegf protein in tissue was detected using immunohistochemistry. Microscopic observation and

photographic record. The black arrows indicate expressed Vegf.

and pathological changes occur in mice after MCAO/R.
These findings are consistent with the published literature
[24-30]. We found that neurological function is repaired
and pathological changes occur in the cerebral ischemic ar-
eas from 24 h to 7 days after MCAO/R. This is consis-
tent with published findings [19,31]. GIyR-f overexpres-
sion results in significant reduction of the area of cere-
bral ischemia, and improvements in pathological changes
and neurological function in mice after MCAO/R. Over-

&% IMR Press

expression of GIyR-[3 also results in increases in prolifer-
ation, tube formation ability, and Vegf expression of bEnd3
cells after OGD/R. Therefore, decreased GlyR-/3 expres-
sion can contribute to delayed recovery after cerebral is-
chemia stroke/reperfusion. Enhanced overexpression of
GlyR- promotes recovery.

Angiogenesis can improve the blood supply of the
cerebral ischemic region, promote neurogenesis, and im-
prove neurological function [32-34]. Regulating vascu-
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Fig. 7. Overexpression of the Glrb gene promoted cellular regeneration in damaged brain tissue of MCAO/R mice. C57BL/6 mice
were divided into three groups: the CTL group, the MCAO/R group, and the MCAO/R+GlyR-£ group. Brain tissue was collected at 24
h and on the 7th day after MCAO/R. BrdU immunofluorescence was used to detect cell regeneration. (a) Microscopic observation and
photographic record (magnification: x400). (b) Quantitative analysis of the number of BrdU positive cells in all groups. *, p = 0.0252,
#*% = 0.0004, ¥*¥** p < 0.0001 vs Control; **, p = 0.0002 vs MCAO/R; *%, p = 0.0036 vs MCAO/R+GlyR-/3 on Day 1. DAPI,

4,6-diamino-2-phenyl indole; BrdU, bromodeoxyuridine.

lar growth in ischemic regions is an important measure for
the treatment of ischemic stroke [35]. CD34 is an impor-
tant marker of angiogenesis. Endothelial cells expressing
CD34 are essential for angiogenesis and participate in ini-
tial angiogenesis [36-38]. Vegf is the most important fac-
tor in regulating angiogenesis. In the ischemic area, Vegf
is up-regulated by hypoxia and other factors, thus start-
ing the process of angiogenesis. Vegf can promote va-
sorelaxation and increase vascular permeability, promote
endothelial cell proliferation and migration, accelerate the
formation of new blood vessels, improve cerebral blood
flow, and reduce brain damage [39—43]. In the present
study, CD34 expression, Vegf mRNA levels, and Vegf
expression in damaged brain tissue after MCAO/R were
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higher than those in the normal CTL group, indicating that
there is potentially angiogenesis in the damaged brain after
MCAOY/R. Overexpression of GIyR-/3 could enhance prolif-
eration activity and the cell tube formation ability of bEnd3
cells after OGD/R. GlyR-f overexpression enhances ex-
pression of Vegf and CD34 in OGD/R bEnd3 cells and
MCAO/R mice. It is likely that GI/yR-/3 overexpression
potentially promotes angiogenesis during recovery after is-
chemic stroke/reperfusion.

Our data show that the expression of the Vegf gene
and CD34 in mouse brain tissue is continuously increased
in a time-dependent manner in mice after MCAO/R. GIyR-
B overexpression stably promotes the expression of the Vegf
gene after MCAO/R, while it has a continuous promot-
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Fig. 8. Overexpression of the Glrb gene promoted the expression of the Bdnf and Gap-43 in damaged brain tissue of MCAO/R
mice. C57BL/6 mice were divided into three groups: the CTL group, the MCAO/R group, and the MCAO/R+GlyR-3 group. Brain
tissue was collected at 24 h and on the 7th day after MCAO/R. (a) Levels of the Bdnf mRNA were determined using qPCR. The Gapdh
gene was used as an internal reference gene. ***, p =0.0007, **** p < 0.0001 vs Control; “*, p =0.0006, ** p < 0.0001 vs MCAO/R;
@ p=0.011 vs MCAO/R at Day 1; “4¢ p=0.0002 vs MCAO/R+GlyR-3 at Day 1. (b) The expression of Bdnf protein in tissue was
determined using immunohistochemistry. Microscopic observation and photographic record. The black arrows indicate expressed Bdnf.
(c) Gap-43 mRNA levels were determined using qPCR. The images show all infarcted areas of brain tissue, and the images of the three
experimental groups were from the same location. The Gapdh gene was used as an internal reference gene. **** p < 0.0001 vs Control;
# p=0.0052, % p=0.0008 vs MCAO/R; @, p =0.038 vs MCAO/R at Day 1. (d) The expression of the Gap-43 protein in tissue was
detected using immunohistochemistry. Images show all infarcted areas of brain tissue from the same location. Microscopic observation
and photographic record. The black arrows indicate expressed Gap-43. Gap-43, growth associated protein 43; Bdnf, brain-derived

neurotrophic factor.

ing effect on CD34 increase. Therefore, GlyR-/3 may pro-
mote the expression of Vegf and CD34 in different and
time-dependent ways. Early intervention using GlyR-f3
overexpression may enhance potential angiogenesis earlier
and be more conducive to recovery from cerebral ischemic
stroke/reperfusion.

Damaged brain tissue is repaired by generating
new cells that include living cells such as neurons,
macrophages/monocytes, lymphocytes, neovascularized
smooth muscle cells, endothelium, and reactive astrocytes
in the damaged brain areas of the cerebral cortex and the
hippocampus [31,44-49]. However, due to pathological
conditions, such as local ischemia and hypoxia and the re-
lease of inflammatory factors, the survival rate of regener-
ated cells, including neurons, is low and the repair ability
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is very limited [44,45]. Our BrdU assay data showed that
the regeneration process is stimulated, but the degree of re-
generation was very limited in the MCAO/R group. Over-
expression of GIyR-/3 promotes continuous cellular regen-
eration in damaged brain tissue both at 24 h and on the 7th
day. We also observed red regions in the pale area of the in-
farcted brain tissue in mice treated after MCAO/R by TTC
staining on the 7th day in the MACO/R+GlyR-8 group.
We speculate that it could be regenerated tissue that con-
tains living cells in the damaged area. This needs further
verification by other means. Brain tissue regeneration is
likely to occur in damaged brain tissue 24 h after cerebral
ischemic stroke/reperfusion, and it may last for at least 1
week. GlyR-f3 overexpression promotes cellular regenera-
tion in damaged brain tissue.
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It is useful to use drugs to promote and enhance en-
dogenous brain tissue regeneration, including neurogene-
sis, to relieve neurological dysfunction caused by cerebral
ischemia [50,51]. In the present study, our findings showed
that GIyR-/3 overexpression promotes brain tissue regen-
eration in damaged brain tissue. Expression of the Bdnf
gene increases and expression of the Gap-43 gene decreases
in damaged brain tissue in mice after MCAO/R. Overex-
pression of GIyR-/3 continuously promotes Bdnf and Gap-
43 expression in MCAO/R damaged brain tissue. Brain-
derived neurotrophic factor (Bdnf) is a small and basic se-
creted protein, which is the most abundant neurotrophic
factor in the mammalian brain. The protein is involved
in the regulation of apoptosis and survival of neurons af-
ter stroke, and changes in its expression can reflect changes
in the number and function of neurons. Bdnf can not only
protect neurons in ischemic-damaged areas, but also inhibit
delayed neuronal necrosis, and is a key regulator of post
stroke rehabilitation [52—57]. Gap-43 is a membrane phos-
phate protein, a specific protein of the nervous system, and
widely distributed in the brain, cerebellum, hippocampus,
spinal cord, dorsal root ganglion, and autonomic nervous
system. Gap-43 is a key protein involved in axon growth
and synaptic reconstruction, a marker protein of neuronal
growth and development, and plays a key role in the pro-
cess of repair and regeneration after nerve injury. This pro-
tein can promote the growth, development, regeneration,
and synaptic reconstruction of neurons [58—65]. Therefore,
overexpression of GlyR-£ may participate in the process of
brain tissue regeneration, including potential neuron regen-
eration regulated by Bdnf and Gap-43. Early intervention
by GlyR-/3 overexpression would be conducive to potential
neuron regeneration in damaged brain tissue.

This study has a limitation that H&E staining was used
to demonstrate the pathological changes in the brain tissue
from MCAO/R. However, it could be that the H&E stain-
ing indicated the basic structures of the brain tissue only.
Therefore, in the future, we would combine H&E staining
with other staining methods to support the specific benefits
of GlyR- overexpression.

5. Conclusions

Expression of the Glrb gene is continuously decreased
after cerebral ischemic stroke/reperfusion. Overexpression
of the Glrb gene promotes potential neurological and vas-
cular regeneration, thus promoting recovery from cerebral
ischemic stroke/reperfusion injury. Our findings reveal
one of the potential mechanisms of recovery after cere-
bral ischemic stroke/reperfusion and provide an interven-
tion target for promoting recovery after cerebral ischemic
stroke/reperfusion.
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gen glucose deprivation and recovery; MCAO/R, middle
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ceptor; CDS, coding sequence; Bdnf, brain derived neu-
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