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Abstract: Ischemic stroke has been considered to be one of the major causes of disability worldwide which related
to multiple pathological processes including apoptosis. Metastasis associated lung adenocarcinoma transcript 1
(MALAT1), is one of the long non-coding RNA (IncRNA) know as a regulator for cell apoptosis. However, further
and deeper cellular and molecular mechanism in stroke model remains unclear. The results showed MALAT1 was
down-regulated in OGD-induced apoptosis and related with miR-205-3p expression. Knockdown of MALAT1 promote
OGD-induced apoptosis, decreased the cell viability, inhibit the caspase-3 activation. Moreover, MALAT1 acts as a
competing endogenous RNA (ceRNA) for miR-205-3p and further regulate PTEN expression protect OGD-induced
apoptosis. Altogether, these results suggest that MALAT1 may suppress the apoptosis in ischemic stroke and func-
tion as a ceRNA for miR-205-3p to modulate PTEN expression. These findings may provide a novel therapeutic target
for treating ischemic stroke.
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Introduction

Ischemic stroke has been demonstrated to be
a devastating event caused by the blockage of
a blood vessel(s), which triggers a series of
interplayed events and signaling pathways [1,
2]. These cascading events may cause dys-
function of neurovascular network and damage
of neuronal cells [3]. Although remarkable prog-
ress has been achieved in mechanism of cell
death in stroke model, there are still lots of
puzzles remain unsolved. Meanwhile, the lack
of effective treatment for neuronal dysfunc-
tion needs to be enrich. Undoubtedly, a better
understanding of the pathological process of
this disease will contribute to discover new tar-
gets for treatment.

Cerebral vascular endothelial cells are consid-
ered to be a key component of cerebral vascu-
lar structure which undoubtedly play an impor-
tant role in pathological process of ischemic
stroke [4]. One of the major functions of endo-

thelial cells is to maintain the integrity of blood
brain barrier (BBB) in physiological conditions
[5, 6]. However, in pathological condition, st-
roke-induced apoptosis of endothelial cell may
cause increase permeability of cerebrovascular
and BBB disruption result in primary and sec-
ondary ischemic brain damage [6-8]. Thus, vas-
cular endothelial cells become a novel thera-
peutic target for treating ischemic stroke.

There are emerging evidences showed that
INcRNAs may play a critical role in mediating
gene expression through several mechanisms
in pathology of ischemic stroke [9-12]. It has
been reported that increasing number of
LncRNA involved in multiple biological process-
es in stroke-induced pathological cascade such
as cell apoptosis [13], proliferation [14], autoph-
agy [15], differentiation [16], as well as angio-
genesis [17]. LncRNA are also able to compete
with  microRNAs (miRNAs) which name as
mMiRNA sponges by binding to miRNAs, result in
down-regulation of target mRNAs [18, 19]. So
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far in the stroke field, a IncRNA named
Metastasis associated lung adenocarcinoma
transcript 1 (MALAT1) gained much attention.
As a highly conserved IncRNA in mammals,
MALAT1 has been found massively expressed
in numerous tissues including brain tissues.
Previous study showed that MALAT1 regulates
cerebrovascular function in pathologic process
of ischemic stroke by regulating apoptotic fac-
tors such as MCP-1, IL-6, and E-selectin [20].
However, there is lack of the evidence of
LncRNA and miRNA interaction mechanism.

In our study, we try to address the role of
MALAT1 in ischemic stroke by using OGD-
induced endothelial apoptosis. The functions of
MALAT1 and its down-stream factors, especial-
ly the interaction with miRNA were further
determined by functional experiments. Our
results suggest that MALAT1 may participate in
stroke-induced apoptosis, thus could be a
novel therapeutic target for treatment of isch-
emic stroke in the coming years.

Materials and methods
bEnd.3 and HE293 cell culture

The brain microvascular endothelial bEnd.3
cells were purchased from ATCC (USA), bEnd.3
cells were cultured in endothelial basal medi-
um with supplemented antibiotics (1% penicil-
lin-streptomycin) and fetal bovine serum (10%),
and 1 ng/mL human basic fibroblast growth
factor (Sigma-Aldrich, USA). All cells were main-
tained in proper atmosphere (95% air and 5%
CO,) at 37°C. Cells from passages 3 were used
for the further in vitro experiments.

The human embryonic kidney 293T cell line
were also obtained from ATCC and cultured in
normal DMEM with antibiotics and 10% fetal
bovine serum as previously described. The tem-
perature of incubator was set at 37°C and con-
tained 5% CO,. The DMEM was changed every
2 days.

OGD treatment

Oxygen-glucose deprivation (OGD) is a sensi-
tive model of ischemic stroke in vitro. Briefly,
the culture medium was changed into glucose-
free DMEM in bEnd.3 cells, and then trans-
ferred to anaerobic chamber. A mixture gas of
5% CO2 and 95% N2 for 3 hours. Next, after
exposed to glucose-free medium and mixture
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gas, the cells were returned into glucose DMEM
for different recovery times. Control groups
were treated with normal medium in normal
conditions.

Cell transfection and luciferase assay

Cell transfections were conducted based on
the manufacturers’ instructions. Lipofectamine
2000 was used as transfection reagent. First,
Malatl cDNA was cloned and amplified into
pcDNA3.1 (Invitrogen) and produce pcDNA-
Malatl vector. Malatl siRNA, miR-205-3p
mimic, anti-miR-205-3p or other control factors
were designed by Cyagen bioscience co.
(Suzhou, China). All vectors were transfected
into bEnd.3 cells with Lipofectamine 2000 for
48 hours. After 48 h of transfection, total RNA
and protein were extracted from the cells. Then,
the samples were restored at -20°C for the
future gRT-PCR and western blot detections.

For luciferase assay, the potential binding sites
of miR-205-3p on Malatl mRNA was predicted
by using Targetscan and miRanda. Malatl-
3'UTR fragment which contains the binding site
of miR-205-3p named as pGL3-Malatl-WT,
mutated miR-205-3p binding sequences was
named as pGL3-Malat1-Mut. Next, 1 x 1075
HEK 293T cells were used for transfection
based on the manufacturer’s instruction.

Endothelial cell apoptosis assay and viability
assay

The TUNEL assay was conducted to analyze
the apoptosis of bEnd.3 cells. Before formal
experiment, the coverslips were planted into
the 24-well plates, thus, the bEnd.3 cells were
grown on them. Then, the coverslips with cells
were incubated with TDT reaction mixture for 2
h at 37°C, after that, the coverslips were trans-
ferred into Alexa Fluorr 594 dye for another 30
min. After washing with phosphate buffer sa-
line (PBS), the slides were incubated with block-
ing buffer. Next, all slides were incubated in
TUNEL (Germany, Merck) at 37°C followed man-
ufacturer’s instruction. TUNEL-positive ratio D
were calculated. For caspase-3 measurement,
caspase-3 assay kit (Sigma, USA) was used fol-
lowing the manufacturer’s instruction.

MTT assay was used to measure cell viability in
vitro. Briefly, bEnd.3 cells were seeded into
96-well plates. 20 ul/well of MTT (5 mg/ml)
reagent (Sigma, USA) was added to the culture
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medium. The 96-well plates were incubated for
4 hours before measurement. The absorbance
value (OD) of each well was measured at 490
nm using microplate reader (Thermo, USA). We
calculated the percentage of cell viability. MTT
assays were repeated at least 3 times.

Real-time polymerase chain reaction

Total RNA was extracted from bEnd.3 cells by
using RNA isolation kit (Invitrogen, USA). By
using RT reagent Kit, RNA was transcribed into
cDNA. The primer sequences used in this stu-
dy were designed by Sigma-Aldrich company.
Then, RT-PCR was performed to detect target
gene expression on n ABI Prism 7500 fast PCR
system. U6 or GAPDH were considered as con-
trol. AACt method was used to analyze the
data, relative mRNA expression levels (fold
changes) between groups were calculated.

RNA immunoprecipitation (RIP)

Briefly, the different groups of cells were col-
lected and lysed into RIP buffer. Later, cell
lysates were incubated with RIP buffer contain-
ing magnetic beads conjugated with human
anti-Ago2 antibody or negative control IgG
(anti-IgG). After immune-precipitated RNA was
extracted, the RT-PCR was underwent to mea-
sure the purified RNA including expression of
MALAT1 and miR-205-3p.

Western blot analysis

Total protein samples from b. End3 cells were
extracted. First, the BCA protein assay kit was
used to quantify the standard procedure. Then,
all samples from different groups were used for
western blotting. The primary antibodies used
include PTEN (1:500, Abcam, USA), GAPDH
(1:2000, Sigma, USA). First, the membrane was
incubated with primary antibodies overnight,
after washing the membranes, HRP-conjugated
secondary antibodies were added and incubat-
ed for 45 min. All data were analyzed and quan-
tified with Image-J software.

Statistical analysis

All data were required from repeated experi-
ments. Data were presented as mean + stan-
dard deviation (SD) and analyzed with SPSS
21.0 software. All data were checked if they
were normally distributed. The experimental
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results were analyzed using one-way ANOVA or
the Two-tailed student’s t-test. The correlation
between Malatl and miR-205-3p were con-
ducted by Pearson’s correlation. Figures were
performed by using Graph Pad Prism 5.1 soft-
ware. P value < 0.05 was considered statisti-
cally significant.

Results

MALAT1 is down-regulated in OGD model and
related with miR-205-3p expression

First of all, we would like to confirm the expres-
sion of MALAT1 in bEnd.3 OGD model by using
RT-PCR. In Figure 1A, we found that the expres-
sion of MALAT1 was significantly decreased in
OGD condition compared with control group.
Moreover, the decreased expression of MA-
LAT1 was shown at time-dependent manner.
Secondly, we assessed the expression of miR-
205-3p in OGD model as well. The results dem-
onstrated that the expression of miR-205-3p
was up-regulated in OGD which showed oppo-
site result as MALAT1 (Figure 1B). Therefore, in
order to address the correlation between
Malatl and miR-205-3p, we conducted Pear-
son’s correlation as shown in Figure 1C, these
data suggested that the expression of MALAT1
and miR-205-3p have negative correlation.
Since 8 h of OGD shows the peak point of
change, we use 8 h OGD for further experi-
ments.

Knockdown of MALAT1 promote OGD-induced
apoptosis in bEnd.3 cells

In order to determine the specific role of
MALAT1 in OGD model, we established si-
MALAT1 which could suppress the expression
of MALAT1 in bEnd.3 cells. As shown in Figure
2A, by using RT-PCR, the expression of MALAT1
were detected. The result showed that MALAT1
expression was suppressed by si-MALAT1 in
both OGD and normal conditions. Moreover, we
used MTT assay and TUNEL assay to detect the
cell viability and apoptosis. Our data suggested
that knockdown of MALATA suppress cell viabil-
ity and increased OGD-induced endothelial cell
apoptosis (Figure 2B, 2C). Furthermore, as a
major factor in cell apoptosis, the expression of
caspase-3 was found increased in MALAT1
knockdown cells (Figure 2D). To sum up, these
functional experiments indicated that knock-

Am J Transl Res 2020;12(6):2738-2748



MALAT1 regulates apoptosis in ischemic stroke by sponging miR-205-3p

A B
c 5
2 %1 mm control g
4 0GD £
3 s
@ - [ 7 7
g N o s
7 7 7 7 3
g / & U: N4 ¢
S os) TEME
o 2 AN Ul | E
2 % A0 Ul Il ¢
§ _ Al UM U 2
2h 4h 6h 8h 10h o
= 2.5- )
= 2.0- . . .
2 154 .
3 .
= 1.0
=]
@ 0.5+
S
LE 0.0 T T T T T T 1
0 1 2 3 4 5 6 7

Expression level of miR-205-3p

down of MALAT1 promote OGD-induced apop-
tosis in bEnd.3 cells.

MALAT1 functions as a ceRNA for miR-205-3p
and negatively regulates its expression

We further try to address the function and
potential mechanism of MALAT1 and its poten-
tial target miRNAs. By using Starbase (http://
starbase.sysu.edu.cn), which known as a data-
base for bioinformatics analysis, we found
MALAT1 contains one conserved target site of
miR-205-3p, as shown in Figure 3A. Next, we
used dual-luciferase assay to confirm the pre-
dicted binding site. The data demonstrated
that miR-205-3p mimic significantly suppr-
essed luciferase activity of MALAT1-WT com-
pared to the NC-mimic. However, there was no
change in MALAT1-MUT group (Figure 3B). To
further investigating the relationship between
MALAT1 and miR-205-3p, we tested the expres-
sion of miR-205-3p in si-MALAT1 model. As
shown in Figure 3C, knockdown of MALAT1
remarkably increased the expression of miR-
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Figure 1. MALAT1 down-regulation is related
with miR-205-3p down-regulation in OGD mod-
el. Real-time PCR assay for the expression of
MALAT1 (A) and miR-205-3p (B) at each time
point in OGD at 2 h, 4 h, 6 h, 8 h, and 10 h of
recovery. The correlation between Malatl and
miR-205-3p was shown in (C). Data were rep-
resented as mean + SD. *P<0.05, **P<0.01,
and ***P<0.001.

205-3p in OGD model. Finally, we explored
whether MALAT1 and miR-205-3p were associ-
ated through miRNA ribonucleoprotein com-
plexes. The results showed MALAT1 and miR-
205-3p were preferentially enriched in the
Ago2-containing miRNPs compared with the
control 1gG immunoprecipitates (Figure 3D).
Taken together, our data suggested that
MALAT1 functions as a ceRNA for miR-205-3p.

Inhibition of MALAT1 enhance OGD-induced
apoptosis by targeting miR-205-3p

In order to determine whether MALAT1 func-
tions via modulating expression of miR-205-3p,
we used miR-205-3p mimic, anti-miR-205-3p,
miR-NC, anti-miR-NC and co-transfected these
factors with si-MALAT1. Next, we test cell viabil-
ity and cell apoptosis via MTT assay and TUNEL
respectively. As shown in Figure 4A-C, anti-miR-
205-3p group showed higher cell survival rate
and lower apoptotic rate compared with the si-
MALAT1 only group. However, miR-205-3p
mimic counteract the effect of si-MALAT1 on
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Figure 2. Knockdown of MALAT1 promoted OGD-induced apoptosis. A. Real-time PCR showed the expression of
MALAT1 in bEnd.3 cells with different treatment. B. Cell viability was detected by MTT assay in different groups. C.
TUNEL was used to assay the apoptosis of bEnd.3 cell. D. Caspase-3 activity was analyzed in bEnd.3 cell in different
groups. Data were represented as mean + SD. *P<0.05, **P<0.01, and ***P<0.001.

both cell survival and apoptosis. Figure 4D
showed the caspase-3 activity, which had the
similar results. To sum up, these data revealed
that inhibition of MALAT1 enhance OGD-
induced endothelia apoptosis via up-regulating
miR-205-3p expression.

MALAT1 enhances PTEN expression by binding
miR-205-3p

According to previous results, PTEN may act as
an important role in ischemic stroke, PTEN also
confirmed to be active in cerebral ischemic
conditions. Up to date, PTEN already confirmed
to be a target of miR-205 in different studies
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[21-24]. Therefore, the correlation between
MALAT1 and PTEN is worth to explore. As shown
in Figure 5A, MALAT1 and PTEN share the
same site of miR-205-3p. Next, we measured
the expression of mRNA PTEN in different
groups basically showed in Figure 5B. The
results demonstrated that PTEN mRNA expres-
sion can be suppressed by si-MALAT1 com-
pared with control group. The protein level of
PTEN tested by Western blot showed the simi-
lar tendency (Figure 5C, 5D). Finally, we would
like to investigate the direct relationship with
MALAT1 and PTEN in cell death. We used
pcDNA3.1-MALAT1 to up-regulate the expres-
sion of MALAT4, which confirmed in Figure 5E.
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Figure 3. MiR-205-3p confirmed to be a direct target of MALAT1. A. The putative miR-205-3p binding sequence of
the wild type and mutation sequence of MALAT1. B. Luciferase activity was detected in different groups. Wide type
(MALAT1-WT) and mutant MALAT1 (MALAT1-MUT) were co-transfected with miR-205-3p mimic or control mimic
(miR-NC) into bEnd.3 cells. C. The expression of miR-205-3p was detected in different groups by using RT-PCR.
D. Cellular lysates from End.3 cells were used for RIP with an Ago2 antibody and IgG antibody. The expression of
MALAT1 and miR-205-3p were detected by qRT-PCR. Data were represented as mean + SD. *P<0.05, **P<0.01,

and ***P<0.001.

Meanwhile, PTEN-siRNA was also used to
decrease the expression of PTEN. Cell viability
was measured via MTT assay. Data showed
that MALAT1 upregulation increase cell viability
after OGD, this effect was abolished by PTEN
knockdown, which presented in Figure 5F, 5G.
Collectively, all these results suggested that
MALAT1 enhances PTEN expression by binding
miR-205-3p and involved in cell viability.

Discussion

Endothelial cell apoptosis induced by ischemic
stroke plays a key role in BBB dysfunction,
which causes secondary damage and leading
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to a poor prognosis in ischemic stroke patients
[25]. For the underline mechanisms of apopto-
sis, the regulation by IncRNA or miRNA are
often attributed to targeting key factors or the
vital pathways which related to apoptosis.
Meanwhile, the research on the interactions
between IncRNA and miRNA has become
more and more prevalent on stroke field. For
instance, INcRNA SNHG14 confirmed to be play
a role promoting microglia activation in cere-
bral infarction via regulating miR-145-5p/
PLA2G4A [26]. In another study, the author
identified that LncRNA GAS5 acts as a ceRNA
for miR-137 to modulate the Notchl signa-
ling pathway [27]. However, the relationship
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Figure 4. MiR-205-3p regulates OGD-induced apoptosis by targeting PTEN. A. MTT assay was used to detect the cell
viability in different groups. B, C. TUNEL was used to detect cell apoptosis in different groups. D. Caspase-3 activity
was measured in different groups. Data were represented as mean + SD. *P<0.05, **P<0.01, and ***P<0.001.

between IncRNA MALAT1 and miR-205-3p in
endothelial cells remain unclear.

MALAT1 is one of the first identified IncRNAs
associated with human disease [28], which
originally clarified in non-small cell lung cancer
by Tano K et al [29]. Recently, emerging evi-
dence indicates that MALAT1 plays a vital role
in ischemic stroke by targeting many pathways
and factors. In Zhang et al's study [30], they
used microvascular endothelial cells, and fur-
ther induce OGD to mimic stroke. After 16 h of
OGD exposure, they measured the expression
levels of 10,677 IncRNAs. Among them, the
most highly upregulated IncRNAs include
MALAT1, which suggested that MALAT1 signifi-
cantly changed under pathological condition of
ischemic stroke. Furthermore, MALAT1 also
confirmed to be involved in multiple bioprocess
in cerebral ischemic stroke, as far as we know,
MALAT1 mainly regulate neuronal autophagy
and endothelial apoptosis. However, the func-
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tion of MALAT1 is quite controversial, for
instance, a study demonstrated that down-reg-
ulation of MALAT1 can attenuate neuronal cell
apoptosis by targeting miR-30a expression
and suppressing Beclinl-dependent autopha-
gy [31], which means, the overexpression of
MALAT1 may deteriorate neuronal cell death.
Conversely, in another study, MALAT1 play a
protecting role in ischemic stroke. The results
showed that MALAT1 served as a transcription-
al target of KLF4, activation of MALAT1 protect
cerebral microvascular endothelial cells from
ischemic insult [32]. Li et al's study [33] show-
ed the similar results, their results identified
that MALAT1 act as an endogenous sponge to
inhibit miR-26b expression, promoting BMEC
autophagy and microvascular endothelial cell
survival. In addition, MALAT1 was identified
binding Bim and E-selectin both in vitro and in
vivo, and regulating MCP-1, IL-6, and E-selectin,
which suggested that MALAT1 may have pro-
tective effect on ischemic stroke [20].
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Figure 5. MALAT1 enhances PTEN expression by binding miR-205-3p. A. The putative binding sites of PTEN and MALAT1 with miR-205-3p. B. Real-time PCR was
used to determine PTEN mRNA expression in different groups. C-E. The protein levels of PTEN in different groups were measured by Western blot. D. MALAT1 expres-
sion was detected after transfection with pcDNA3.1-MALAT1 plasmid. E. mRNA expression of PTEN was detected after transfection with si-PTEN. F. Cell viability was
detected by MTT in different groups. G. Data were represented as mean + SD. *P<0.05, **P<0.01, and ***P<0.001.
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Furthermore, MALAT1 also confirmed targeting
blood-tumor barrier and regulate its permeabil-
ity [34]. To sum up all these studies of MALAT1
in ischemic stroke, MALAT1 may have a protec-
tive effect on endothelial cells, while in neu-
rons, MALAT1 may induce cell death.

In our study, we first identified that in OGD
model, which can mimic the ischemic stroke in
vitro, the expression of MALAT1 was decreased,
conversely, the expression of miR-205-3p was
increased compared with control. Furthermore,
there was a negatively correlation between
MALAT1 and miR-205-3p (Figure 1C). To further
investigate the relationship between those two
factors, we used bioinformatics analysis and
further identified miR-205-3p was a direct tar-
get of MALAT1 by using Luciferase assay.
MALAT1 served as a ceRNA and was able to
down-regulate miR-205-3p’s expression. More-
over, we used a series of gain- and loss-func-
tion experiment in order to identify the role of
MALAT1 in in vitro stroke model. We found that
knockdown of MALAT1 suppressed the cell via-
bility and promote cell apoptosis in OGD condi-
tion. The effect of si-MALAT1 can be changed
by miR-205-3p mimic and anti-miR-205-3p.
Finally, we explored the PTEN, which can be
regulated by miR-205-3p, we found that MA-
LAT1 enhances PTEN expression by binding
miR-205-3p. Taken together, we story showed
that MALAT1 regulates apoptosis in ischemic
stroke by sponging miR-205-3p and modulating
PTEN expression. MALAT1 can be a protect fac-
tor in OGD-induced endothelial injury.

In summary, this study provides the evidence of
MALAT1 as a regulator of endothelial cell apop-
tosis during ischemic stroke. MALAT1 may have
anti-apoptotic effect in ischemic stroke and
function as a ceRNA for miR-205-3p to modu-
late PTEN expression. Our study demonstrated
a novel IncRNA-miRNA-mRNA regulatory net-
work, may contribute to a better understanding
the mechanism of ischemic stroke.
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