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Background: The aim of our study was to explore the role of long non-coding RNA
(IncRNA) growth arrest-specific 5 (GASS) in ischemic stroke using oxygen-glucose depriva-
tion/reperfusion (OGD/R)-induced bEnd.3 cells as in vitro cell model.

Methods: Real-time quantitative polymerase chain reaction (RT-qPCR) and Western blot
assay were adopted to analyze RNA and protein expression. Cell viability and apoptosis were
analyzed by Cell Counting Kit-8 (CCKS8) assay and flow cytometry. The levels of nitric oxide
(NO) and endothelin-1 (ET-1) in culture supernatant were examined by their matching
commercial kits. The intermolecular target interaction was predicted by starBase software
and tested by dual-luciferase reporter assay and RNA immunoprecipitation (RIP) assay.
Results: OGD/R-induced apoptosis and dysregulation in vascular endocrine system were
largely alleviated by the knockdown of GAS5. GASS interacted with microRNA-34b-3p
(miR-34b-3p), and GASS silencing protected bEnd.3 cells from OGD/R-induced injury
partly through up-regulating miR-34b-3p. EPH receptor A4 (EPHA4) was a target of miR-
34b-3p. GASS acted as the molecular sponge of miR-34b-3p to up-regulate EPHA4 in
bEnd.3 cells. GASS interference protected against OGD/R-induced damage in bEnd.3 cells
partly through down-regulating EPHA4.

Conclusion: LncRNA GASS5 knockdown protected brain microvascular endothelial cells
bEnd.3 from OGD/R-induced injury depending on the regulation of miR-34b-3p/EPHA4
axis.

Keywords: ischemic stroke, oxygen-glucose deprivation/reperfusion, GASS, miR-34b-3p,
EPHA4

Introduction

Ischemic stroke, featured by artery blockage, is a major type of stroke that accounts
for 87% of all stroke cases.' Artery blockage results in the absence of oxygen and
nutrients in brain, and the subsequent reperfusion (oxygen-glucose deprivation/
reperfusion (OGD/R)) induces cell apoptosis, cell viability suppression and oxida-
tive stress, which makes the condition even worse.? Vascular endothelial cells are
major targets of ischemic vascular damage, and the injury of vascular endothelial
cells eventually leads to vascular dysfunction.®* We established in vitro ischemic
stroke cell model through exposing brain microvascular endothelial cells bEnd.3 to
OGDI/R to explore novel effective therapeutic targets.
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Endothelial nitric oxide synthase (eNOs) is the precursor
of nitric oxide (NO). NO is an important protective molecular
that protects endothelial cells against ischemia-induced injury
through accelerating vasodilation to allow the blood flow to
brain.” The levels of eNOs and NO are reduced during OGD.
Restoring the levels of eNOs and NO is a promising method
for attenuating ischemia-mediated injury.®

Long noncoding RNA (IncRNA) growth arrest-specific 5
(GAS5) was
malignancies.”® Wen et al found that GAS5 suppressed the

implicated in progression of several
progression of cervical cancer through sponging microRNA-
21 (miR-21).° The vital role of GAS5 in regulating the
development of ischemic stroke has also been reported.
Chen et al demonstrated that GAS5 promoted ischemic
stroke progression through regulating miR-137/Notchl
signaling.'” Nevertheless, the precise working mechanism
of GASS in ischemic stroke remains to be illustrated.

LncRNAs are generally known to bind to target
microRNAs (miRNAs) to release downstream genes from
the inhibition of miRNAs."' For example, SNHG12 acceler-
ated the angiogenesis after ischemic stroke through targeting
miR-150/VEGF axis.'? Based on the prediction of bioinfor-
matic starBase database, miR-34b-3p was a possible target of
GASS. MiR-34b was reported to protect against focal cere-
bral ischemia-reperfusion (I/R) injury through regulating
Keapl/Nrf2 signal pathway.'® Here, we tested the intermo-
lecular binding relation between miR-34b-3p and GASS5 and
explored their functional relevance in ischemic stroke.

Through using starBase database, EPH receptor A4
(EPHA4) was predicted to be a possible target of miR-
34b-3p. EPHA4 was reported to accelerate the disruption
of blood-brain barrier after OGD/R through regulating
Rho/ROCK signal pathway.'* Li et al found that EPHA4
suppression attenuated OGD/R-induced apoptosis of CAl
pyramidal neurons.'> In this study, the target relation
between miR-34b-3p and EPHA4 and their functional
association in ischemic stroke were investigated.

In the current study, the level of GASS5 was observed to
be aberrantly up-regulated in bEnd.3 cells exposed to
OGDJ/R. The biological role of GASS in OGD/R-induced
injury in bEnd.3 cells and its associated mechanism were
subsequently explored.

Materials and Methods
Cell Culture

Mouse brain microvascular endothelial cell line bEnd.3
was obtained from Peking Union Medical College Cell

Bank (Beijing, China). bEnd.3 cells were maintained in
Dulbecco’s modified Eagle medium (DMEM, Gibco,
Carlsbad, CA, USA) plus 10% fetal bovine serum (FBS,
Gibco) and 10% penicillin/streptomycin (Gibco) at a 37°C
incubator containing 5% CO, and 95% O,.

Oxygen-Glucose Deprivation/
Reperfusion (OGD/R) Cell Model

Establishment

To mimic OGD, bEnd.3 cells were cultured with Earle’s
balanced salt solution (Leagene, Beijing, China) in the
Pack
(Mitsubishi, Tokyo, Japan) for 4 h followed by culturing

sealed Anaero container with an Anaero
with normal culture medium for 24 h under normoxic

condition.

Cell Transfection

GASS small interfering RNAs (si-GAS5#1, si-GAS5#2 or
si-GAS5#3), siRNA negative control (si-NC), miR-34b-3p
mimics (miR-34b-3p), miR-NC, miR-34b-3p inhibitor
(anti-miR-34b-3p), anti-NC, EPHA4 ectopic expression
plasmid (EPHA4) and vector were purchased from
Genepharma (Shanghai, China) and Sangon (Shanghai,
China). When the confluence of bEnd.3 cells in the loga-
rithmic growth phase reached about 80%, transfection was
implemented with Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA).

Real-Time Quantitative Polymerase Chain
Reaction (RT-qPCR)

Reverse transcription was carried out with miRcute miRNA
First-Strand complementary DNA (cDNA) Synthesis Kit (for
miR-34b-3p; TIANGEN, Beijing, China) and TagMan reverse
transcription kit (for GASS; Applied Biosystems, Rotkreuz,
Switzerland). cDNA was amplified with TransStarts Green
gqPCR SuperMix (Transgen, Beijing, China). U6 and glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) were used as
the internal references for miR-34b-3p and GASS, respec-
tively. The primers for GASS, miR-34b-3p and internal con-
trols were listed as follows. Mouse GASS, Forward: 5'-
GGATAACAGAGCGAGCGCAAT-3', Reverse: 5-CCAGC
CAAATGAACAAGCATG-3'. Mouse miR-34b-3p, Forward:
5'-AATCACTAACTCCACTGCCATC-3', Reverse: 5'-GATG
GCAGTGGAGTTAGTGATT-3". Mouse U6, Forward: 5'-
CGCTTCGGCAGCACATATACTA-3', Reverse: 5'-CGCTT
CACGAATTTGCGTGTCA-3". Mouse GAPDH, Forward:
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5-GGAGCGAGACCCCACTAACAT-3,
GTGAGTTGTCATATTTCTCGTGG-3".

Reverse: 5'-

Cell Viability Detection via Cell Counting
Kit-8 (CCK8) Assay

bEnd.3 cells were seeded into 96-well plates. 10 uL CCK8
solution (Beyotime, Shanghai, China) was pipetted into
each well, and bEnd.3 cells were incubated for 4
h. Subsequently, the absorbance was immediately mea-
sured at 450 nm via TECAN infinite M200 Multimode
Microplate Reader (Tecan, Mechelen, Belgium).

Flow Cytometry

Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) apoptosis detection kit (Dojindo, Shanghai,
China) was used in this study. bEnd.3 cells were re-
suspended in 100 pL binding buffer. Annexin V-FITC
and PI were then added into the reaction mixture to incu-
bate for 15 min. FITC" and PI* cells were considered to be
apoptotic cells, and these apoptotic cells were identified by
flow cytometer within 1 h of cell collection.

Western Blot Assay
bEnd.3 Radio
Immunoprecipitation Assay (RIPA) lysis buffer (Beyotime)

cells were disrupted  using
plus 1% protease inhibitor (Invitrogen). Protein concentra-
tion was assessed using BCA protein assay kit (Invitrogen).
20 pg protein samples were loaded onto sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gel
and then electro-transferred onto polyvinylidene fluoride
(PVDF) membrane (Bio-Rad, Hercules, CA, USA), which
was blocked with 5% skim milk for 1 h. After that, the
membrane was incubated with primary antibodies, including
anti-B cell leukemia/lymphoma 2 (anti-Bcl-2; ab59348S;
Abcam, Cambridge, MA, USA), anti-Bcl-2 associated X,
apoptosis regulator (anti-Bax; ab182733; Abcam), anti-
Cleaved caspase 3 (anti-Cleaved-cas3; ab231289; Abcam),
anti-endothelial nitric oxide synthase (anti-eNOs, ab199956;
Abcam), anti-EPHA4 (E6900; Sigma, St. Louis, MO, USA)
and anti-GAPDH (ab8245; Abcam). After washing three
times, horse radish peroxidase (HRP)-labeled secondary
antibody (Abcam) was incubated with the membrane for 2
h. Protein signal was measured by the enhanced chemilumi-
nescent visualization (ECL) system (Pierce, Rockford,

IL, USA).

NO and Endothelin-1 (ET-1) Abundance

Detection

NO level in culture supernatant was detected by NO assay
kit (JianCheng Biotechnology, Nanjing, China). ET-1 level
in culture supernatant was detected via Endothelin-1
Quantikine  Enzyme-linked  immunosorbent  assay
(ELISA) Kit (R&D Systems, Minneapolis, MN, USA).

Establishment of GAS5/miR-34b-3p/
EPHA4 Axis

starBase software was used for exploring the candidate
targets of GASS and miR-34b-3p.

Dual-Luciferase Reporter Assay

The partial sequence of GASS or the 3’ untranslated region
(3'UTR) fragment of EPHA4, containing the predicted
miR-34b-3p binding sites, was amplified by PCR and
inserted to the psiCHECK-2 plasmid (Promega, Madison,
WI, USA) to obtain reconstructed luciferase reporter plas-
mid, termed as GASS5 wild type (GAS5 WT) or EPHA4
WT. The matching counterparts, containing the mutant
binding sites with miR-34b-3p, were also inserted to
psiCHECK-2 plasmid (Promega) to generate GASS MUT
and EPHA4 MUT. After transfection for 48 h, luciferase
activities were assessed via the dual luciferase reporter
assay system (Promega).

RNA Immunoprecipitation (RIP) Assay
bEnd.3 cells were harvested and disrupted using 25 mM
Tris-HCI buffer (pH 7.5) plus RNase inhibitor (Sigma).
Cell lysate was then incubated with Sepharose beads (Bio-
Rad) that pre-coated with anti-Argonaute 2 (anti-Ago2;
Bio-Rad) or anti-Immunoglobulin G (anti-IgG; Bio-Rad)
for 3 h. RNA was isolated using TRIzol solution
(Invitrogen), and RT-qPCR was applied to detect the
expression of GAS5 and miR-34b-3p.

Statistical Analysis

Data from three independent experiments were shown as
mean + standard deviation (SD). Datasets with two groups
were analyzed by Student’s #-test, and comparison in mul-
tiple groups was analyzed by one-way analysis of variance
(ANOVA) followed by Tukey’s test. P<0.05 was consid-
ered as a significant difference.
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Results
OGD/R-Induced Injury in bEnd.3 Cells is
Largely Attenuated by GASS Interference

Vascular endothelial cell injury model was established
through exposing immortal vascular endothelial cell line
bEnd.3 to OGD/R. OGD/R treatment markedly increased
the expression of GASS5 in bEnd.3 cells (Figure 1A). We
designed three specific small interfering RNAs against

GASS to perform loss-of-function experiments. As shown

in Figure 1B, GASS level was notably reduced in bEnd.3
cells transfected with si-GAS5#1, si-GAS5#2 or si-GAS5#3,
especially in si-GAS5#1 group. Thus, si-GAS5#1 was
selected for further assays. OGD/R treatment suppressed
the viability and promoted the apoptosis of bEnd.3 cells,
and the injury was largely alleviated by GASS silencing
(Figure 1C and D), demonstrating that the up-regulation of
GASS was essential for OGD/R-induced injury. The role of
GASS on the apoptosis of OGD/R-induced bEnd.3 cells was
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Figure | OGD/R-induced injury in bEnd.3 cells is largely attenuated by GASS interference. (A) GAS5 level in bEnd.3 cells in OGD/R treatment and Control group was
detected by RT-qPCR. (B) GAS5 expression in bEnd.3 cells transfected with si-NC or three specific siRNAs targeting GAS5 was examined by RT-qPCR. (C-E) bEnd.3 cells
were treated with OGD/R, and these cells were subsequently transfected with si-NC or si-GAS5#1. (C) Cell viability was analyzed by CCK8 assay. (D) Cell apoptosis was
evaluated by flow cytometry. (E) Western blot assay was used to detect the protein expression of Bcl-2, Bax and Cleaved-cas3 in bEnd.3 cells. *P<0.05.
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further confirmed by Western blot assay. The expression of
anti-apoptotic protein Bcl-2 was down-regulated upon
OGD/R exposure, and GASS silencing recovered Bcl-2
expression in bEnd.3 cells (Figure 1E). The expression
trend of pro-apoptotic proteins (Bax and Cleaved-cas3)
exhibited an opposite phenomenon to Bcl-2 (Figure 1E).
These results demonstrated that OGD/R induced the apop-
tosis of bEnd.3 cells partly through up-regulating GASS.

OGD/R-Induced Dysregulation in
Vascular Endocrine System is Alleviated
by GASS Silencing in bEnd.3 Cells

NO is a key factor derived from vascular endothelial cells to
reduce blood pressure, and ET-1 exerts an opposite role to
constrict the vessel. eNOs is the precursor of NO. We
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measured the levels of eNOs, NO and ET-1 in GAS5-
silenced bEnd.3 cells during OGD/R insult to explore if
GASS functioned in OGD/R-induced vascular dysfunction.
OGD/R treatment reduced the levels of intracellular eNOs
and extracellular NO, and GASS5 knockdown largely recov-
ered the levels of eNOs and NO (Figure 2A and B).
Furthermore, OGD/R-induced up-regulation of ET-1 in cell
culture supernatant was largely attenuated by GASS silencing
(Figure 2C). Overall, OGD/R induced the dysregulation of
eNOs, NO and ET-1 in bEnd.3 cells partly through up-
regulating GASS.

GASS5 Interacts with miR-34b-3p in
bEnd.3 Cells

Through using starBase software, we predicted the candidate
miRNA targets of GASS5. Among all these predicted targets,
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Figure 2 OGD/R-induced dysregulation in vascular endocrine system is alleviated by GASS silencing in bEnd.3 cells. (A-C) bEnd.3 cells were exposed to the following three
groups: OGD/R, OGD/R + si-NC or OGD/R + si-GAS5#1. (A) The expression of eNOs in bEnd.3 cells was examined by Western blot assay. (B) NO level in culture
supernatant was analyzed using NO assay kit. (C) ELISA kit was used to measure the level of ET-1 in the culture supernatant of bEnd.3 cells. *P<0.05.
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six miRNAs were screened out due to their vital roles in
regulating cerebral ischemia-reperfusion injury, including
miR-34b-3p,"> miR-485-3p,'® miR-211-5p,"” miR-217-
5p,'® miR-874-3p' and miR-338-5p.?° We tested the reg-
ulatory relationships between GASS and these candidate
targets. As shown in Supplementary Figure 1A, with the
silencing of GASS, the levels of miR-34b-3p, miR-217-5p
and miR-338-5p were markedly up-regulated. Additionally,

the negative regulatory relation between GASS5 and miR-
34b-3p was the most significant (Supplementary Figure 1A).
Thus, miR-34b-3p was selected for further analysis. The
putative binding sites between GASS5 and miR-34b-3p are
shown in Figure 3A. RT-qPCR assay confirmed the high

overexpression efficiency of miR-34b-3p in bEnd.3 cells
(Figure 3B). MiR-34b-3p overexpression markedly reduced
the luciferase activity of wild-type luciferase reporter plas-
mid (GAS5 WT) (Figure 3C). Besides, luciferase activity of
mutant luciferase reporter plasmid (GAS5S MUT) remained
almost unchanged when co-transfected with miR-NC or
miR-34b-3p (Figure 3C), suggesting that GASS5 interacted
with miR-34b-3p via the putative sites. The results of RIP
assay revealed that GASS5 and miR-34b-3p were both
enriched in anti-Ago2 group (Figure 3D), suggesting that
there was spatial interaction between GAS5 and miR-34b-3p

A
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in RNA-induced silencing complex (RISC). OGD/R treat-
ment down-regulated miR-34b-3p expression in bEnd.3
cells (Figure 3E). GASS silencing markedly up-regulated
miR-34b-3p in bEnd.3 cells (Figure 3F), suggesting the
negative regulatory relationship between GASS5 and miR-
34b-3p. Taken together, GASS5 negatively regulated miR-
34b-3p level via binding to it in bEnd.3 cells.

GASS5 Silencing-Mediated Influences in
OGD/R-Treated bEnd.3 Cells are

Overturned by miR-34b-3p Interference

The silencing efficiency of anti-miR-34b-3p was high in
bEnd.3 cells (Figure 4A). To investigate if GASS func-
tioned through negatively regulating miR-34b-3p expres-
sion, we performed rescue experiments. GASS silencing
recovered cell viability and suppressed the apoptosis of
bEnd.3 cells upon OGD/R exposure, and the addition of
anti-miR-34b-3p induced cell injury again (Figure 4B and
C). Consistently, Western blot assay revealed that GASS
knockdown attenuated OGD/R-induced apoptosis in
bEnd.3 cells partly through up-regulating miR-34b-3p
(Figure 4D). Si-GAS5#1 transfection rescued the levels
of eNOs and NO in OGD/R-exposed bEnd.3 cells, and
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Figure 3 GAS5 interacts with miR-34b-3p in bEnd.3 cells. (A) Mmu-miR-34b-3p binding sites in GAS5 were predicted by starBase software. (B) MiR-34b-3p level in bEnd.3
cells transfected with miR-NC or miR-34b-3p was detected by RT-qPCR. (C) Dual-luciferase reporter assay was used to explore if there was spatial interaction between
GAS5 and miR-34b-3p in bEnd.3 cells. Luciferase activities in bEnd.3 cells co-transfected with miR-NC or miR-34b-3p and GAS5 WT or GAS5 MUT were examined via dual-
luciferase assay kit. (D) RIP assay was used to verify the interaction between GAS5 and miR-34b-3p in bEnd.3 cells. (E) MiR-34b-3p level in bEnd.3 cells treated with OGD/R
or not was analyzed using RT-qPCR. (F) bEnd.3 cells were transfected with si-NC or si-GAS5#1, and miR-34b-3p expression was analyzed by RT-qPCR. *P<0.05.
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the introduction of anti-miR-34b-3p down-regulated the
levels of eNOs and NO again (Figure 4D and E). The
level of ET-1 in culture supernatant exhibited an opposite
tendency to NO and eNOs (Figure 4F), suggesting that
OGD/R disrupted homeostasis in vascular endocrine sys-
tem through up-regulating GASS5 and down-regulating
miR-34b-3p. Overall, OGD/R induced injury of vascular
endothelial cells and vascular endocrine system dysfunc-
tion through targeting GAS5/miR-34b-3p axis.

EPHA4 is a Target of miR-34b-3p in

bEnd.3 Cells

We predicted the possible messenger RNA (mRNA) targets of
miR-34b-3p using starBase database. EPHA4,'> MCL1,>!
PDE4D,”” BCL2L13,>> GATA3** and ROCK 1 were chosen
due to their important regulatory functions in cerebral ische-
mia-reperfusion injury. EPHA4 was chosen for further analy-
sis due to its the most significant negative regulatory
relationship with miR-34b-3p (Supplementary Figure 1B).

The predicted binding sequence between miR-34b-3p and
EPHA4 3'UTR is shown in Figure 5A. bEnd.3 cells were co-
transfected with miR-NC or miR-34b-3p and EPHA4 WT or
EPHA4 MUT. Luciferase activity was dramatically reduced in
EPHA4 WT group with the co-transfection of miR-34b-3p
compared with EPHA4 WT and miR-NC group, while miR-
34b-3p transfection did not cause significant difference in
luciferase activity in EPHA4 MUT group compared with miR-

NC and EPHA4 MUT group (Figure 5B), suggesting that
EPHAA4 was a target of miR-34b-3p in bEnd.3 cells. OGD/R
treatment markedly up-regulated EPHA4 protein expression
in bEnd.3 cells (Figure 5C). We transfected miR-34b-3p
mimics or anti-miR-34b-3p along with their negative controls
into bEnd.3 cells to explore the modulatory relationship
between miR-34b-3p and EPHA4 in bEnd.3 cells. As shown
in Figure 5D, miR-34b-3p overexpression notably reduced
EPHAA4 protein expression, whereas miR-34b-3p interference
markedly up-regulated EPHA4 protein level in bEnd.3 cells,
suggesting the negative regulatory relation between miR-34b-
3p and EPHA4 in bEnd.3 cells. Given the negative regulatory
relation between miR-34b-3p and GASS5 or EPHA4, we
further analyzed the regulatory relationship between GASS
and EPHA4 in bEnd.3 cells. GASS silencing down-regulated
EPHA4 protein expression, and this suppressive effect was
partly alleviated by miR-34b-3p interference in bEnd.3 cells
(Figure 5E). These findings suggested that miR-34b-3p inter-
acted with EPHA4, and GASS5 up-regulated EPHA4 via
sponging miR-34b-3p in bEnd.3 cells.

GASS Interference-Mediated Effects in
OGD/R-Treated bEnd.3 Cells are
Alleviated by EPHA4 Overexpression

Rescue experiments were carried out through transfecting si-
GASS5#1 alone or together with EPHA4 ectopic expression
plasmid into OGD/R-induced bEnd.3 cells. We firstly
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Figure 5 EPHA4 is a target of miR-34b-3p in bEnd.3 cells. (A) The putative binding sequence with miR-34b-3p in EPHA4 predicted by starBase software along with the
mutant binding sequence in EPHA4 were shown. (B) Dual-luciferase reporter assay was performed to test the target interaction between miR-34b-3p and EPHA4 in bEnd.3
cells. (C) EPHA4 protein expression in bEnd.3 cells treated with OGD/R or not was detected by Western blot assay. (D) bEnd.3 cells were transfected with miR-NC, miR-
34b-3p, anti-NC or anti-miR-34b-3p. Western blot assay was utilized to assess the protein level of EPHA4 in transfected bEnd.3 cells. (E) The protein level of EPHA4 in
bEnd.3 cells transfected with si-NC, si-GAS5#1, si-GAS5#1 + anti-NC or si-GAS5#| + anti-miR-34b-3p was measured via Western blot assay. *P<0.05.

assessed the overexpression efficiency of EPHA4 overex-
pression plasmid in bEnd.3 cells. As shown in Figure 6A,
the transfection of EPHA4 ectopic expression plasmid mark-
edly up-regulated EPHA4 protein level. Si-GASS5#1--
mediated protective role in bEnd.3 cells was attenuated by
the addition of EPHA4 overexpression plasmid (Figure 6B
and C). The introduction of EPHA4 plasmid down-regulated
the level of anti-apoptotic protein Bcl-2 in GASS-silenced
bEnd.3 cells during OGD/R insult (Figure 6D). The levels of
pro-apoptotic proteins (Bax and Cleaved-cas3) revealed an
opposite phenomenon to Bcl-2 (Figure 6D). The overexpres-
sion of EPHA4 also reduced the levels of eNOs and NO and
increased the level of ET-1 in GASS5-silenced bEnd.3 cells
upon OGD/R exposure (Figure 6D—F). Overall, GASS silen-
cing alleviated OGD/R-induced cell injury partly through
down-regulating EPHA4 in bEnd.3 cells.

Discussion

Ischemic stroke is one of the deadly diseases globally,
which occurs due to artery blockage, resulting in the
immediate absence of oxygen and nutrients in brain.?®
The injury of brain microvascular endothelial cells trig-
gered by OGD/R is the initial stage of the disruption of
blood-brain barrier, causing dismal outcome of ischemic

stroke patients.?”-*®

LncRNAs were originally thought to be the products

. 2
derived from 9,30

transcriptional background noise.
Accumulating articles have demonstrated the important
roles of IncRNAs in cellular physiological and pathologi-
cal responses, including cell viability, proliferation, apop-
tosis and inflammatory response. For instance, IncRNA
GASS suppressed the proliferation of colorectal cancer
cells through targeting miR-182-5p/FOXO3a signaling.*'
Currently, IncRNAs have been reported be implicated in
the cerebrovascular pathophysiology by previous works,
including stroke.** For instance, IncRNA TUGI acceler-
ated the apoptosis of neurons via miR-9/Bcl2111 axis
under ischemic condition.>* LncRNA MALAT1 facilitated
the angiogenesis in brain microvascular endothelial cells
(BMECs) to protect these cells from OGD-induced injury
through regulating miR-145, VEGF-A and ANGPT2.**
Here, we explored the role of GASS in regulating cerebral
ischemia-reperfusion injury using OGD/R-induced mouse
brain microvascular endothelial cells bEnd.3 as in vitro
cell model. The roles of GASS5 in regulating the pheno-
types of neurons in ischemic stroke have been reported by
former articles.'®*> Zhou et al found that GAS5 acceler-
ated the apoptosis of neurons through elevating PUMA
expression via its miRNA sponge role for miR-221 in

ischemic stroke.*> Chen et al reported that GASS5
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Figure 6 GASS interference-mediated effects in OGD/R-treated bEnd.3 cells are alleviated by EPHA4 overexpression. (A) The overexpression efficiency of EPHA4 ectopic
expression plasmid was evaluated by Western blot assay. (B-F) bEnd.3 cells were transfected with si-NC + vector, si-NC + vector + OGD/R, si-GAS5#| + vector + OGD/R
or si-GAS5#| + EPHA4 + OGD/R. (B) CCK8 assay was used to assess cell viability in different transfection groups. (C) Flow cytometry was conducted to assess the

apoptosis rate of bEnd.3 cells. (D) The protein levels of anti-apoptotic protein (Bcl-2),
blot assay. (E) NO assay kit was used to measure NO level in cell culture supernatant.

promoted OGD-induced injury in neurons through target-
ing miR-137/Notchl pathway.'® In vascular endothelial
cells, Chen et al found that macrophages-derived exosomal
GASS promoted the apoptosis of vascular endothelial cells
in atherosclerosis.>® However, the biological role of GAS5
in cerebral ischemia-reperfusion-induced injury in vascu-
lar endothelial cells remains largely unknown. We found
that OGD/R insult markedly up-regulated the level of
GASS in bEnd.3 cells. To explore its biological role, we
performed loss-of-function experiments. OGD/R-induced
apoptosis was largely attenuated by the silencing of GASS,
suggesting that OGD/R-induced injury in bEnd.3 cells was
largely based on the up-regulation of GASS. eNOs is the
precursor of NO, and ischemia decreases the level of
eNOs. NO is key factor that is released from vascular
endothelial cells to promote vasodilation to allow blood
flow to the brain.” Meanwhile, NO also restrained the

pro-apoptotic proteins (Bax and Cleaved-cas3) and eNOs were assessed by Western
(F) ELISA kit was used to detect the level of ET-1 in cell culture supernatant. *P<0.05.

inflammation and thrombosis upon ischemic injury.’
Therefore, restoring the levels of eNOs and NO is consid-
ered as a potential therapeutic strategy.” ET-1 played an
opposite role with NO to constrict the vessel. OGD/R
exposure reduced the levels of eNOs and NO whereas
induced the expression of ET-1, and these effects were
largely counteracted by the knockdown of GASS, which
further demonstrated that OGD/R-mediated injury in
bEnd.3 cells was partly based on the up-regulation of
GASS.

MiRNAs have also emerged as crucial regulators in
ischemic stroke. For instance, MiR-191 suppressed the
process of angiogenesis after ischemic stroke through sup-
pressing VEZF1.>” MiR-130a played a neuroprotective
role against ischemic stroke-induced injury through target-
ing PTEN/PI3K/AKT signaling.*® MiR-34b-3p was
reported as a tumor suppressor in several cancers. For
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instance, miR-34b-3p restrained the proliferation and cell
cycle and triggered the apoptosis of non-small-cell lung
cancer through regulating CDK4.*° Tan et al found that
miR-34b-3p suppressed the multidrug-chemoresistance of
bladder cancer cells through targeting CCND2 and
P2RY 1.*° MiR-34b-3p has also been demonstrated to pro-
tect against focal cerebral ischemia-reperfusion (I/R)
Injury through regulating Keapl.'* In this study, miR-
34b-3p was verified as a target of GASS in bEnd.3 cells.
OGD/R treatment down-regulated the enrichment of miR-
34b-3p, and miR-34b-3p was negatively regulated by
GASS in bEnd.3 cells. Through performing rescue experi-
ments, we found that GASS5 contributed to OGD/
R-induced
regulating miR-34b-3p.

injury of bEnd.3 cells through down-

MiRNAs are implicated in the regulation of cellular
biological behaviors through restraining the translational
process of mRNAs or degrading mRNAs by binding to
their 3'UTR.*' To explore the mechanism by which GAS5/
miR-34b-3p functioned in OGD/R-induced injury in
bEnd.3 cells, we intended to seek the downstream mole-
cules of miR-34b-3p. EPHA4 was confirmed as a target of
miR-34b-3p in bEnd.3 cells. Cai et al found that miR-145
protected human cerebral cortical neurons from OGD-
induced damage through reducing EPHA4 expression,*
suggesting that EPHA4 accelerated the progression of
ischemic stroke. Chen et al demonstrated that the activa-
tion of EPHA4 accelerated the disruption of blood-brain
barrier after OGD/R through regulating Rho/ROCK axis."*
Here, EPHA4 expression was elevated by OGD/R treat-
ment in bEnd.3 cells. GAS5 was found to up-regulate
EPHA4 expression through acting as a molecular sponge
for miR-34b-3p in bEnd.3 cells. Rescue experiments
revealed that GASS5 promoted OGD/R-mediated damage
in bEnd.3 cells through up-regulating EPHAA4.

In summary, IncRNA GASS5 contributed to OGD/
R-induced injury in mouse brain microvascular endothelial
cells bEnd.3 through up-regulating EPHA4 via sponging
miR-34b-3p. GAS5/miR-34b-3p/EPHA4 axis might provide
new insight for preventing and treating ischemic stroke.
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