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Long non-coding RNA LOC366613 alleviates the cerebral ischemic injury via 
regulating the miR-532-5p/phosphatase and tensin homolog axis
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ABSTRACT
Cerebral infarction (CI) has become a leading cause of death in China. Long non-coding RNAs 
(lncRNAs) are intensively involved in the progression of CI. Here, we aimed to investigate the 
effects of lncRNA LOC366613 (LOC366613) on cerebral I/R injury, as well as its possible mechan-
ism. Transient middle cerebral artery occlusion (MCAO) was used to establish a mouse model of 
cerebral I/R, and the PC12 cell line was used to establish an in vitro oxygen-glucose deprivation 
(OGD) injury model. The MTT assay was used to determine cell viability, and qRT-PCR was used to 
determine RNA levels. Western blotting was conducted to detect protein expression levels. The 
TUNEL assay and flow cytometry were used to measure cell apoptosis, and 2,3,5-triphenyltetra-
zolium chloride (TTC) was used to determine cerebral infarct volume. Finally, RNA pull-down and 
luciferase activity assays were used to examine interactions between miR-532-5p and LOC366613, 
as well as between miR-532-5p and phosphatase and tensin homolog (PTEN). LOC366613 was 
overexpressed in patients with cerebral I/R injury. In PC12 cells, knockdown of LOC366613 
reduced the apoptosis rate and lactic acid dehydrogenase (LDH) expression, while increasing 
cell viability. Moreover, miR-532-5p was shown to be a target of LOC366613, as predicted. 
Downregulation of miR-532-5p reversed the effects of LOC366613 knockdown on PC12 cell 
apoptosis, LDH release, and cell viability. Finally, PTEN was verified as a target of miR-532-5p. 
LOC366613 participates in cerebral I/R injury by regulating the miR-532-5p/PTEN axis, potentially 
providing a new CI treatment target.
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Introduction

Cerebral infarction (CI) is one of the leading causes of 
death in China [1,2]. It is characterized by high mor-
tality and disability rates, and over 80% of instances 
are caused by cerebral ischemia and hypoxic necrosis 

[3]. Thus far, the most effective way to reduce cerebral 
ischemic injury is to restore blood perfusion to 
affected tissues. However, excessive quantities of free 
radicals may be produced during the recovery from 
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blood reperfusion therapy, resulting in ischemia/ 
reperfusion (I/R) injury [4]. Dysfunction of neuronal 
cell and inflammatory responses play essential roles in 
CI [5,6]. Therefore, understanding neuronal apopto-
sis and inflammation mechanisms may lead to addi-
tional strategies for cerebral injury prevention, as well 
as adjuvant therapies.

lncRNAs are transcribed RNA molecules with 
a length of more than 200 nucleotides that do not 
bind to proteins [7]. Recent studies have shown that 
lncRNAs regulate important biological processes, 
including cell proliferation, survival, apoptosis, and 
differentiation [8–10]. They have also been found to 
be associated with cerebral I/R injury [11–13]. For 
example, knockdown of lnc-Gm11974 reduces cere-
bral I/R injury by alleviating apoptosis [14]. 
However, the roles that lncRNAs play in cerebral 
I/R injury still require further exploration.

Previous studies have suggested that lncRNAs 
regulate cerebral I/R injury by acting as sponges for 
miRNAs [15]. Dysregulated miRNAs play a crucial 
role in the occurrence of various diseases, such as 
cancer, type 2 diabetes mellitus, and cerebral I/R 
injury, as well as in protection against it [16–19]. 
Liang et al. found that miRNA-320 promotes cere-
bral I/R injury in mice by inhibiting IGF-1 expres-
sion [20]. Similarly, miRNA-128-3p promotes cell 
proliferation by regulating Nrf2, which inhibits cell 
apoptosis and alleviates oxidative stress [21]. 
miRNA-128-3p also has a protective effect against 
cerebral I/R injury. Additionally, downregulation of 
BMF and BCL2L13 via miR-874-3p overexpression 
reduces cerebral I/R injury [22]. The phosphatase 
and tensin homolog (PTEN) gene, which codes for 
403 amino acids, exhibits phosphatase activity and 
dephosphorylates lipid substrates and proteins [23]. 
miR-532-5p exerts neuron-protective role and its 
downregulation confers cerebral I/R oxidative stress 
injury [24,25]. However, the potential roles of miR- 
532-5p in CI injuries has not been fully elucidated.

PTEN plays a key role in regulating cell prolifera-
tion, apoptosis, and migration, as well as in I/ 
R-induced injuries in the kidneys and I/R injury in 
cardiomyocytes [26]. Conversely, PTEN overexpres-
sion inhibits myocardial cell viability, promotes 
myocardial cell apoptosis, and aggravates myocardial 
I/R injury [27]. However, more research is needed to 

understand the regulatory role that the miR-532-5p/ 
PTEN axis plays in cerebral I/R injuries.

In this study, we reported that LOC366613 was 
upregulated in an oxygen-glucose deprivation 
(OGD)-induced PC12 cell line and mouse I/R 
model. Moreover, LOC366613 functioned as 
a ceRNA and sponged miR-532-5p to regulate the 
expression of PTEN, which further promoted the 
progression of CI. These data indicate that 
LOC366613 could be a potential therapeutic target 
and biomarker for monitoring human cerebral I/R 
injury.

Materials and methods

Animal model

A total of seventy-five 8-week-old male C57BL/6 J 
mice (20 ~ 25 g) were purchased from the 
Experimental Animal Center of Guangdong 
Province and housed in an SPF environment with-
out specific pathogens (18 ~ 22°C, humidity 65%, 
alternating light and dark periods of 12 h) and 
with free access to food and water. Mice were 
randomly divided into three groups: sham group 
(n = 10), transient middle cerebral artery occlusion 
(MCAO) +sh-NC group (n = 10), and 
MCAO + sh-LOC366613 group (n = 10). All 
mice were anesthetized with 5% chloral hydrate 
mixed with oxygen and nitrogen. Mice in sham 
group underwent similar surgery procedures with-
out inserting suture. The mice before MCAO sur-
gery was intracerebroventricularly injected with 
0.5 mg/kg of sh-LOC366613 and sh-NC. A 2 cm 
length of a 7–0 monofilament suture was gently 
inserted from the external carotid artery up to the 
internal carotid artery to occlude the middle cere-
bral artery until regional cerebral blood flow was 
reduced to <16% of baseline. After 1 h of MCAO 
surgery, blood flow was restored by removing the 
suture. The mice were allowed to recover for 
1–7 day. Subsequently, mice were euthanized 
with pentobarbital sodium (160 mg/kg, IP), 
a standard and acceptable euthanasia method, 
and decapitated for brain dissection.

This study was supervised by the Animal Care 
Board of Peking University Shenzhen Hospital.
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Cerebral infarct volume assay

The brains were cut into six coronal sections 
(2 mm thick) and stained with 2% TTC (Sigma, 
St. Louis, MO, USA) at 37°C for 15 min.

LDH activity assay

Forty-eight hours after transfection, the LDH 
Activity Kit (Beyotime Institute of 
Biotechnology, Shanghai) was used to detect 
the LDH activity of each cell group, according 
to the manufacturer’s protocol. A microplate 
reader (Benchmark Plus, Bio-Rad, Hercules, 
USA) was used to measure absorbance at 
a wavelength of 450 nm.

TUNEL assay

PC12 cells were fixed with 4% paraformaldehyde 
at room temperature before incubation in 
a permeabilization solution on ice for 3 min. 
After the TUNEL reaction mixture was added 
to the cells, the cells were incubated at 37°C 
for 1 h in dark and humid conditions (5% 
CO2). Finally, the cells were stained with 1 μg/ 
mL 4�,6-diamidino-2-phenylindole (DAPI, 
Thermo Fisher Scientific, Waltham, USA) for 
15 min. Phosphate buffered saline (PBS) was 
used to rinse the samples, and a fluorescence 
microscope (Olympus, Tokyo, Japan) was used 
to observe the images. The number of TUNEL- 
positive nuclei in the samples was calculated, 
along with the percentage of apoptotic cells 
present.

TUNEL testing was performed using a TUNEL 
FITC Apoptosis Detection kit (Roche Applied 
Science, Mannheim, Germany). The brain tissues 
were washed, dehydrated, embedded in paraffin, 
and cut into 4 μm-thick sections, with the experi-
mental procedure performed according to manu-
facturer instructions. Next, the sections were 
incubated with a methanol solution containing 
0.2% H2O2 for 0.5 h to block endogenous perox-
idase activity. The number of TUNEL-positive 
nuclei and the percentage of apoptotic cells pre-
sent in the tissues were calculated.

Immunofluorescence assay

The sections were immersed in a 30% sucrose solu-
tion in PBS overnight and permeabilized. PBS with 
5% goat serum was used to block nonspecific bind-
ing for 1 h at room temperature. Then the slides 
were incubated first with primary antibodies against 
IBA1 and PTEN, and then with a relative secondary 
antibody (1:50 dilution; Dianova). Then, their 
nuclei were stained with DAPI (Thermo Fisher 
Scientific). After staining, the slides were washed 
twice with PBS and covered with DABCO (Sigma- 
Aldrich, St. Louis, USA). Finally, images were 
observed using a fluorescence microscope.

Cell culture and transfection

PC12 cells were purchased from Shanghai Institutes 
of Cell Biological Sciences (Shanghai, China), and 
cultured in Dulbecco’s Modified Eagle Medium 
(DMEM, Gibco, USA) with 10% fetal bovine 
serum at 37°C with 5% CO2. Cells, at 2 ~ 3 phases, 
were used in the following experiment.

Cells incubated with glucose-free DMEM con-
taining 95% N2, 1% O2, and 4% CO2 at 37°C for 6 h.

The miR-532-5p mimic, miR-532-5p inhibitor, 
LOC366613 siRNA, and LOC366613 shRNA were 
synthesized by GenePharma (Shanghai, China). 
Full-length LOC366613 segments were cloned 
into pcDNA3.1 vectors. Lipofectamine 2000 
(Invitrogen, USA) was used for transfection 
according to manufacturer’s instructions.

Sh-LOC366613 was introduced into pLVX-Puro 
vector. Lentivirus particles were generated by 
HEK293T cells containing sh-LOC366613 using 
Lipofectamine 2000. Then cell supernatants were 
collected. Afterward, PC12 cells were transfected 
with lentivirus particles containing the pLVX-Puro 
vector bearing human sh-LOC366613.

MTT assay

MTT assay were used to evaluate the viability of 
PC12 cells. PC12 cells (104 cells/cm2) were seed into 
96-well plates. Next, each well was added 16 µL/well 
MTT solution (5 mg/mL, Sigma) and incubated for 
4 h at 37°C. Then cell supernatants were removed 
and added with 150 µl of DMSO to allow the crystals 
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to fully melt. Afterward, the mixture were dissolved 
in 100 µl of dimethyl sulfoxide. Cell viability was 
determined by a micro-plate reader (Bio-Tek, 
Winooski, USA) at absorbance values of 570 nm.

Apoptosis assay

An Annexin V-FITC Apoptosis Detection Kit 
(YEASEN, Shanghai) was used to evaluate apop-
tosis. Briefly, cells were digested by 0.25% tryp-
sin and centrifuged at 148 × g for 5 min at room 
temperature. Then cells were washed with PBS 
was used to wash and resuspended in 100 µl 
binding buffer. Afterward, cells were stained 
with incubated in darkness with 5 µl of 
Annexin V-FITC and propidium iodide (PI) for 
15 min at room temperature. Flow cytometry 
(BD Biosciences, San Jose, USA) was used to 
calculate the apoptotic rates on FlowJo 10.07 
software (FlowJo LLC).

Quantitative reverse-transcription PCR (qRT-PCR)

PC12 cells and brain tissues were collected, and 
then RNA was extracted using TRIzol reagent 
(nitrogen source), isopropanol precipitation, 
and 75% ethanol washing. The resulting RNA 
pellet was dissolved in RNase-free water. cDNA 
and gRNA were reverse-transcribed from RNA 
using a transcription kit (TRAGEN). qRT-PCR 
was conducted using 20 ng of cDNA and the 
SYBR Green mixture (Shanghai Yisheng). U6 
and GAPDH were used as the internal control 
for miRNA and mRNA, respectively.

Western blotting

PC12 cells were placed in ice-cold lysis buffer 
for 30 min (Beyotime). The supernatant was 
collected via centrifugation at 1,120 × g for 
20 min at 4°C. Protein concentration was cal-
culated using a BCA kit (Pierce, USA). Then, 
the proteins were separated using 10% SDS- 
PAGE and transferred onto PVDF membranes, 
which were blocked with 5% nonfat milk. This 
was followed by overnight incubation at 4°C 
with the following primary antibodies 
(1:1000): anti-caspase3, anti-bcl-2, anti-bax, 
anti-PTEN (Boster Biological Technology, 

Wuhan, China). The proteins were then incu-
bated with goat–anti-rabbit antibody (Abcam, 
Shanghai) and treated with BeyoECL Plus 
(Beyotime, Shanghai). Protein bands were 
visualized using a ECL kit (KeyGEN 
BioTECH, Nanjing, China).

Luciferase reporter assay

The 3�-UTRs of LOC366613 and PTEN, with 
wild-type and mutant (mut) binding sites for 
miR-532-5p, were amplified using PCR and 
cloned into pGL3 vectors (Promega, Madison, 
WI, USA). PC12 cells were co-transfected with 
the generated plasmids and either miR-532-5p 
or miR-NC, using Lipofectamine 2000 
(Invitrogen). Luciferase activity was analyzed 
using the Dual-Luciferase System (Promega, 
Madison, WI, USA) following manufacturer 
protocols.

RNA pull-down assay

An RNA pull-down assay was performed to 
confirm if LOC366613 and PTEN in PC12 
cells could be pulled down by miR-532-5p. 
Biotin-labeled LOC366613 and PTEN were 
transcribed using Biotin RNA Labeling Mix 
and T7 RNA polymerase (Roche). After 2 d of 
transfection, PC12 cells were lysed and mixed 
with biotin-labeled LOC366613, PTEN, and 
streptavidin agarose magnetic beads at 4°C for 
1 h. Western blotting was used to detect the 
protein levels of retrieved Ago2, and 
LOC366613 and PTEN expression was deter-
mined using qRT-PCR.

Statistical analysis

Each independent experiment was performed in 
triplicate. All statistically analyzed were used 
SPSS17.0 software (SPSS, Inc.). Data are 
expressed as mean ± SD. One-way ANOVA 
was used to evaluate the differences among 
groups. The differences between the two groups 
were analyzed by student t-test. P < 0.05 was 
defined as significant.
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Results

LOC366613

LOC366613 was upregulated in cerebral I/R– 
injured mice and PC12 cells
To investigate the role of LOC366613 in cerebral I/ 
R injury, we established a mouse MCAO model 
and a PC12 cell model to detect the expression of 
LOC366613 both in vivo and in vitro. After OGD/ 
R was induced, LOC366613 expression was upre-
gulated in PC12 cells (Figure 1(a)). This was con-
sistent with the findings of the in vivo assay, in 
which the expression of LOC366613 was signifi-
cantly increased in I/R mice (Figure 1(b)).

LOC366613 knockdown alleviated in vivo 
cerebral I/R injury
To further explore the role that LOC366613 plays 
in cerebral I/R injury, I/R mice were injected with 
sh-LOC366613 lentiviral vectors. This allowed us 
to assess the effect of LOC366613 silencing in vivo. 
TTC staining showed that Ad-sh-LOC366613 
reduced the I/R injury–induced infarct area more 
than Ad-sh-NC did (Figure 2(a)). I/R surgery sig-
nificantly increased the infarct volume in the 
experimental group compared with that in the 
control group (Figure 2(b)), whereas Ad-sh- 
LOC366613 reduced the infarct volume. TUNEL 
assay confirmed that knockdown of LOC366613 
significantly decreased the amount of apoptosis in 
PC12 cells (Figure 2(c)). Moreover, knockdown of 
LOC366613 significantly decreased the number of 
IBA1+PTEN positive cells compared with MCAO 
+sh-NC group (Figure 2(d)).

LOC366613 knockdown alleviated damage in 
OGD-treated PC12 cells
To further explore the role of LOC366613 in cere-
bral I/R injury, we examined the effects of 
LOC366613 on cell proliferation, apoptosis, and 
LDH expression in OGD-induced PC12 cells. As 
shown in Figure 3(a-E), in the OGD-induced 
group, the LDH expression level and PC12 cell 
apoptosis rate were significantly increased com-
pared to those in the control group, while PC12 
cell viability was significantly decreased. In the 
OGD+si-LOC366613 group, the LDH expression 
level and PC12 cell apoptosis rate were decreased 
compared with those in the OGD-induced group, 
while PC12 cell viability was increased. BD results 
showed that OGD promoted the apoptosis of 
PC12 cells; the OGD-induced group experienced 
more cell deaths than the control group. 
Moreover, the rate of PC12 cell apoptosis was 
reduced in the OGD+si-LOC366613 group com-
pared to that in the OGD-induced group. The 
TUNEL assay showed that knockdown of 
LOC366613 decreased OGD-induced PC12 cell 
apoptosis.

LOC366613 targeted miR-532-5p
lncRNAs modulate the expression of miRNAs by 
binding to their 3� untranslated regions [11–13]. 
Therefore, we investigated the role of LOC366613 
in miRNA suppression. According to the miRDB 
database, miR-532-5p was predicted to be 
a potential target of LOC366613 (Figure 4(a)). 
The luciferase assay showed that luciferase activity 
was significantly decreased by miR-532-5p in the 
pGL3-wt–LOC366613 co-transfection group 
(Figure 4(b)), while there were no significant 
changes in the pGL3-mut–LOC366613 co- 
transfection group. Additionally, the RNA pull- 
down assay verified interactions between miR- 
532-5p and LOC366613 (Figure 4(c)); miR-532- 
5p levels were significantly decreased by 
LOC366613, but increased by LOC366613 siRNA 
(Figure 4(d)). Next, we determined the expression 
levels of miR-532-5p, both in vivo and in vitro. 
After OGD, miR-532-5p expression was downre-
gulated. This was consistent with the results of the 
in vivo assay; miR-532-5p expression in I/R mice 
was also reduced (Figure 4(e, F)). Correlation 

Figure 1. The expression of LOC366613 cerebral I/R injury 
in vivo and in vitro. (a)The expression of LOC366613 in PC12 
cells treated with OGD treatment. (b)The expression of 
LOC366613 in MCAO mice. **P < 0.01.
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analysis showed that LOC366613 negatively regu-
lated the expression of miR-532-5p (Figure 4(g)).

miR-532-5p reversed LOC366613-induced cerebral 
I/R injury

We performed a rescue experiment to further 
confirm the relationship between LOC366613 
and miR-532-5p by co-transfecting si- 
LOC366613 and miR-532-5p inhibitors. As 

shown in Figure 5(a-C), the LDH expression 
level and PC12 cell apoptosis rate increased in 
the OGD+si-LOC366613+miR-532-5p inhibitor 
group compared to those in the OGD+si- 
LOC366613 group, while PC12 cell viability 
decreased. BD results indicated that PC12 cell 
apoptosis was promoted in the OGD+si- 
LOC366613+miR-532-5p inhibitor group com-
pared with that in the OGD+si-LOC366613 
group. The TUNEL assay showed that OGD+si- 

Figure 2. Knockdown of LOC366613 alleviated cerebral ischemia-reperfusion injury in mice. (a) Representative images of TTC 
staining of cerebral. (b) The area of CI. (c) The apoptosis of mice neuron determined by TUNEL staining. (d) Representative images 
of neurons visualized by fluorescence microscope. **P < 0.01.
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LOC366613–induced PC12 cell apoptosis was 
reversed by the addition of miR-532-5p 
inhibitors.

PTEN was a target of miR-532-5p
Targetscan (targetscan.org) predicted that PTEN 
was a target of miR-532-5p. The target binding 

Figure 3. Knockdown LOC366613 attenuate I/R injury by OGD-induced. (a) The effect of LOC366613 silencing on PC12 cells viability. 
(b) The level of LDH. (c and d) The apoptosis of PC12 cells determined by flow cytometry. (e) The apoptosis of PC12 cells detected by 
TUNEL assay.*P < 0.05.**P < 0.01.

Figure 4. LOC366613 sponged miR-532-5p. (a) The binding sites between LOC366613 and miR-532-5p. (b) The binding sites verified 
by luciferase report assay. (c) The interaction between LOC366613 and miR-532-5p confirmed by RNA pull-down assay. (d) The 
expression of miR-532-5p. (e) The expression of miR-532-5p in vitro. (f)The expressions of miR-532-5p in vivo. (g) Correlation analysis 
the expression of miR-532-5p and LOC366613. **P < 0.01.
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region between miR-532-5p and PTEN is shown in 
Figure 6(a). The luciferase assay showed that miR- 
532-5p significantly decreased luciferase activity in 
the pGL3-wt-PTEN co-transfection group, while 
there were no significant changes in the pGL3- 
mut-PTEN co-transfection group. Moreover, 
PTEN expression levels were significantly 
decreased by miR-532-5p mimics, but increased 
by miR-534-5p inhibitors. The RNA pull-down 
assay also verified the interaction between PTEN 

and miR-532-5p. To further characterize the rela-
tionship between miR-532-5P and PTEN, we 
detected PTEN protein expression. Western blot-
ting results showed that miR-532-5p mimics 
inhibited PTEN protein expression, while miR- 
532-5p inhibitors promoted it. In the in vitro 
assay, PTEN expression was upregulated after 
OGD. This was consistent with data gathered 
from the in vivo assay, in which PTEN expression 
was significantly increased in I/R mice. 

Figure 5. Downregulation of miR-532-5p reversed the effects of LOC366613 knockdown on PC12 cells. (a) Cell viability was detected 
by MTT assay. (b) The level of LDH in PC12 cells. (c and d) The apoptosis of PC12 cells determined by flow cytometry. (e) The 
apoptosis of PC12 cells detected by TUNEL assay. **P < 0.01.
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Correlation analysis showed that miR-532-5p 
negatively regulated PTEN expression.

Discussion

Cerebral hypoxic-ischemic necrosis is considered 
a sign of CI exacerbation. Inhibiting inflammatory 
factor expression and neuronal cell apoptosis has 
been shown to be an effective method for treating 
cerebral I/R injury [28–30]. Therefore, exploring the 
molecular mechanism of cerebral I/R injury may 
provide new ideas for the development of more 
effective treatments for infarction. In this study, we 
established a mouse MCAO model and an in vitro 
OGD-induced PC12 cell line. Our results show that 
LOC366613 had a stimulating effect on the brain, 
promoting PC12 cell apoptosis and LDH expression. 
Interestingly, our results indicated that LOC366613 

modulated the process of CI by regulating the miR- 
532-5p/PTEN pathway [31].

lncRNAs play crucial roles in cerebral I/R injury. 
Mutations and expression alterations might promote 
or inhibit cerebral I/R injury [32–34]. For instance, 
lncRNA MEG3 activates caspase1 signaling by tar-
geting the miR-485/AIM2 axis and increasing pyr-
optosis, which in turn promotes cerebral I/R injury 
[35]. Downregulation of lncRNA Gm11974 alleviates 
neuronal cell apoptosis and significantly reduces cell 
death rates in rats with cerebral I/R injury [14]. 
Another study showed that MIAT overexpression 
reduces Neuro2A cell apoptosis through the miR- 
211/GDNF axis and relieves cerebral I/R injury in 
rats [36]. In our study, LOC366613 was upregulated 
in both cerebral I/R injury models and in vitro PC12 
cell lines, with LOC366613 knockdown increasing 
the viability of PC12 cells and inhibiting cell apop-
tosis. The latter of these is a key player in the onset 

Figure 6. miR-532-5p negatively regulated PTEN. (a) The binding sites between miR-532-5p and PTEN. (b) The binding sites verified 
by luciferase report assay. (c) The expression of PTEN in vitro detected by qRT-PCR. (d) The interaction between PTEN and miR-532- 
5p confirmed by RNA pull-down assay. (e) The protein expression of PTEN in vitro. (f) The mRNA expression of PTEN in vitro. (g) The 
expressions of PTEN in vivo. (h) Correlation analysis the expression of miR-532-5p and PTEN. **P < 0.01.
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and development of cerebral I/R injury [5,6]. 
Therefore, knockdown of LOC366613 protects 
against cerebral I/R injury by inhibiting cell apopto-
sis and LDH expression. However, the underlying 
molecular mechanisms by which these processes 
occur remain unclear.

Numerous reports have confirmed that lncRNAs 
act as molecular sponges, regulating various biologi-
cal functions and miRNA expression [37,38]. 
miRNAs play a key role in the onset and develop-
ment of cerebral I/R injury, as well [22,39,40]. 
A study found that miR-124-5p overexpression sig-
nificantly inhibits NF-κB signaling activation and the 
expression of various inflammatory factors by regu-
lating NOX2 [41]. Another study found that miR- 
224-3p overexpression alleviates apoptosis in cerebral 
I/R injury by targeting FIP200 [42]. In our study, 
miR-532-5p was shown to be the target of 
LOC366613 and was downregulated in both the 
cerebral I/R injury model and PC12 cell line. 
Additionally, the miR-532-5p inhibitor partially 
reversed the effects of LOC366613 knockdown on 
cell viability, LDH release, and PC12 cell apoptosis. 
Moreover, previous studies have shown that PTEN is 
a direct downstream target of miR-532-5. Therefore, 
we propose that LOC366613 regulates PTEN expres-
sion via miR-532-5p.

Recent studies have confirmed that PTEN plays 
a key role in promoting cerebral I/R injury [27,43]. 
A previous study found that PTEN reverses the 
protective effect that miR-130a has on cerebral I/R 
injury [44]. Similarly, the results of our study indi-
cate that PTEN is a target of miR-532-5p, which 
negatively regulates PTEN. Here, the miR-532-5p 
inhibitor reversed the increased cell viability, 
decreased LDH expression, and decreased the rate 
of cell apoptosis induced by LOC366613 knock-
down. Therefore, we concluded that LOC366613 
participates in cerebral I/R injury by inhibiting 
miR-532-5p expression.

Conclusion

In this study, LOC366613 and PTEN were upre-
gulated in a model of cerebral I/R injury, whereas 
miR-532-5p was downregulated. LOC366613 reg-
ulates the PTEN signaling pathway by acting as 
a sponge of miR-532-5p, aggravating cerebral I/R 
injuries. Therefore, the LOC366613/miR-532-5p/ 

PTEN signaling cascade may be a potential target 
for the treatment of cerebral I/R injury.

Highlights

1. lncRNAs play crucial roles in CI injuries.
2. Knockdown of LOC366613 suppressed the injuries 

in vivo and in vitro.
3. LOC366613 suppressed the apoptosis of PC12 cells via 

regulating miR-532-5p/PTEN axis.

Data Availability

The datasets generated for this study are available on request 
to the corresponding author.

Disclosure statement

The author(s) declare that the research was conducted in the 
absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.

Author contributions

Zhenze Lu participated in the design of this study: Ling Li 
performed the statistical analysis: Lei Wei drafted the manuscript: 
Jifu Cai and Jun Wu in change of commentary or revision- 
including pre-or post-publication stages.

References

[1] Sun W, Li G, Zeng X, et al. Clinical and imaging 
characteristics of cerebral infarction in patients with 
nonvalvular atrial fibrillation combined with cerebral 
artery stenosis. J Atheroscler Thromb. 2018;25 
(8):720–732.

[2] Tsai CF, Yip PK, Chen CC, et al. Cerebral infarction in 
acute anemia. J Neurol. 2010;257(12):2044–2051.

[3] Campbell BC, Mitchell PJ, Kleinig TJ, et al. 
Endovascular therapy for ischemic stroke with 
perfusion-imaging selection. N Engl J Med. 2015;372 
(11):1009–1018.

[4] Sun Y, Hei M, Fang Z, et al. High-mobility Group Box 
1 contributes to cerebral cortex injury in a neonatal 
hypoxic-ischemic rat model by regulating the pheno-
typic polarization of microglia. Front Cell Neurosci. 
2019;13:506.

[5] Wu R, Li X, Xu P, et al. TREM2 protects against 
cerebral ischemia/reperfusion injury. Mol Brain. 
2017;10(1):20.

[6] Zhou L, Zhang J, Wang C, et al. Tanshinone inhibits 
neuronal cell apoptosis and inflammatory response in 
cerebral infarction rat model. Int J Immunopathol 
Pharmacol. 2017;30(2):123–129.

2520 Z. LU ET AL.



[7] Sui S, Sun L, Zhang W, et al. LncRNA MEG8 
attenuates cerebral ischemia after ischemic stroke 
through targeting miR-130a-5p/VEGFA signaling. 
Cell Mol Neurobiol. 2020. DOI:10.1007/s10571- 
020-00904-4

[8] Ji YY, Meng M, Miao Y. lncRNA SNHG1 promotes 
progression of cervical cancer through miR-195/NEK2 
axis. Cancer Manag Res. 2020;12:11423–11433.

[9] Li H, Zeng Z, Yang X, et al. LncRNA GClnc1 may 
contribute to the progression of ovarian cancer by 
regulating p53 signaling pathway. Eur J Histochem. 
2020;64(4). DOI:10.4081/ejh.2020.3166

[10] Zhang C, Ren X, Zhang W, et al. Prognostic and 
clinical significance of long non-coding RNA 
SNHG12 expression in various cancers. 
Bioengineered. 2020;11(1):1112–1123.

[11] Shan W, Chen W, Zhao X, et al. Long noncoding RNA 
TUG1 contributes to cerebral ischaemia/reperfusion 
injury by sponging mir-145 to up-regulate AQP4 
expression. J Cell Mol Med. 2020;24(1):250–259.

[12] Zeng J, Zhu L, Liu J, et al. Metformin protects against 
oxidative stress injury induced by ischemia/reperfusion 
via regulation of the lncRNA-H19/miR-148a-3p/Rock2 
axis. Oxid Med Cell Longev. 2019;2019:8768327.

[13] Zhang XC, Gu A-P, Zheng C-Y, et al. YY1/LncRNA 
GAS5 complex aggravates cerebral ischemia/reperfu-
sion injury through enhancing neuronal glycolysis. 
Neuropharmacology. 2019;158:107682.

[14] Cai J, Shangguan S, Li G, et al. Knockdown of lncRNA 
Gm11974 protect against cerebral ischemic reperfusion 
through miR-766-3p/NR3C2 axis. Artif Cells Nanomed 
Biotechnol. 2019;47(1):3847–3853.

[15] Adams BD, Parsons C, Walker L, et al. Targeting non-
coding RNAs in disease. J Clin Invest. 2017;127 
(3):761–771.

[16] Chu SF, Zhang Z, Zhou X, et al. Ginsenoside Rg1 
protects against ischemic/reperfusion-induced neuro-
nal injury through miR-144/Nrf2/ARE pathway. Acta 
Pharmacol Sin. 2019;40(1):13–25.

[17] Elghoroury EA, ElDine HG, Kamel SA, et al. 
Evaluation of miRNA-21 and miRNA let-7 as prognos-
tic markers in patients with breast cancer. Clin Breast 
Cancer. 2018;18(4):e721–e726.

[18] Liang YZ, Li -J-J-H, Xiao H-B, et al. Identification of 
stress-related microRNA biomarkers in type 2 diabetes 
mellitus: a systematic review and meta-analysis. 
J Diabetes. 2020;12(9):633–644.

[19] Zhang Z, Chen F, Zhan H, et al. lncRNA CASC9 
sponges miR-758-3p to promote proliferation and 
EMT in bladder cancer by upregulating TGF-β2. 
Oncol Rep. 2020;45(1):265–277.

[20] Liang L, Wang J, Yuan Y, et al. MicRNA-320 facilitates 
the brain parenchyma injury via regulating IGF-1 dur-
ing cerebral I/R injury in mice. Biomed Pharmacother. 
2018;102:86–93.

[21] Li R, Li X, Wu H, et al. Theaflavin attenuates cerebral 
ischemia/reperfusion injury by abolishing miRNA1283p 

mediated Nrf2 inhibition and reducing oxidative stress. 
Mol Med Rep. 2019b;20:4893–4904.

[22] Jiang D, Sun X, Wang S, et al. Upregulation of 
miR-874-3p decreases cerebral ischemia/reperfusion 
injury by directly targeting BMF and BCL2L13. 
Biomed Pharmacother. 2019;117:108941.

[23] Worby CA, Dixon JE. PTEN. Annu Rev Biochem. 
2014;83(1):641–669.

[24] Mao L, Zuo M, Wang A, et al. Low expression of 
miR-532-3p contributes to cerebral ischemia/reperfu-
sion oxidative stress injury by directly targeting NOX2. 
Mol Med Rep. 2020;22(3):2415–2423.

[25] Mu J, Cheng X, Zhong S, et al. Neuroprotective effects 
of miR-532-5p against ischemic stroke. Metab Brain 
Dis. 2020;35(5):753–763.

[26] Song MS, Salmena L, Pandolfi PP. The functions and 
regulation of the PTEN tumour suppressor. Nat Rev 
Mol Cell Biol. 2012;13(5):283–296.

[27] Guo XL, Liang H, Sun Y, et al. MicroRNA-26a regu-
lates cerebral ischemia injury through targeting PTEN. 
Eur Rev Med Pharmacol Sci. 2019;23(16):7033–7041.

[28] Hao MQ, Xie LJ, Leng W, et al. Trim47 is a critical 
regulator of cerebral ischemia-reperfusion injury 
through regulating apoptosis and inflammation. 
Biochem Biophys Res Commun. 2019;515(4):651–657.

[29] Janyou A, Wicha P, Jittiwat J, et al. Dihydrocapsaicin 
attenuates blood brain barrier and cerebral damage in 
focal cerebral ischemia/reperfusion via oxidative stress 
and inflammatory. Sci Rep. 2017;7(1):10556.

[30] Zhang J, Xiao F, Zhang L, et al. Alpha-Lipoic acid 
preconditioning and ischaemic postconditioning syner-
gistically protect rats from cerebral injury induced by 
ischemia and reperfusion partly via inhibition TLR4/ 
MyD88/NF-kappaB signaling pathway. Cell Physiol 
Biochem. 2018;51(3):1448–1460.

[31] Shao M, Shen Y, Sun H, et al. Protectiveness of artesunate 
given prior ischemic cerebral infarction is mediated by 
increased autophagy. Front Neurol. 2018;9:634.

[32] Xiao Z, Qiu Y, Lin Y, et al. Blocking lncRNA H19-miR-19a- 
Id2 axis attenuates hypoxia/ischemia induced neuronal 
injury. Aging (Albany NY). 2019;11(11):3585–3600.

[33] Yao X, Yao R, Huang F, et al. LncRNA SNHG12 as 
a potent autophagy inducer exerts neuroprotective 
effects against cerebral ischemia/reperfusion injury. 
Biochem Biophys Res Commun. 2019;514(2):490–496.

[34] Zhong Y, Yu C, Qin W. LncRNA SNHG14 promotes 
inflammatory response induced by cerebral ischemia/ 
reperfusion injury through regulating miR-136-5p 
/ROCK1. Cancer Gene Ther. 2019;26(7–8):234–247.

[35] Liang J, Wang Q, Li JQ, et al. Long non-coding RNA 
MEG3 promotes cerebral ischemia-reperfusion injury 
through increasing pyroptosis by targeting miR-485/ 
AIM2 axis. Exp Neurol. 2020;325:113139.

[36] Li EY, Zhao P-J, Jian J, et al. LncRNA MIAT over-
expression reduced neuron apoptosis in a neonatal rat 
model of hypoxic-ischemic injury through miR-211/ 
GDNF. Cell Cycle. 2019a;18(2):156–166.

BIOENGINEERED 2521

https://doi.org/10.1007/s10571-020-00904-4
https://doi.org/10.1007/s10571-020-00904-4
https://doi.org/10.4081/ejh.2020.3166


[37] Fan CN, Ma L, Liu N. Systematic analysis of 
lncRNA-miRNA-mRNA competing endogenous RNA 
network identifies four-lncRNA signature as a prognostic 
biomarker for breast cancer. J Transl Med. 2018;16(1):264.

[38] Huang Y. The novel regulatory role of lncRNA-miRNA- 
mRNA axis in cardiovascular diseases. J Cell Mol Med. 
2018;22(12):5768–5775.

[39] Bao N, Fang B, Lv H, et al. Upregulation of miR-199a- 
5p protects spinal cord against ischemia/reperfusio-
n-induced injury via downregulation of ECE1 in Rat. 
Cell Mol Neurobiol. 2018;38(6):1293–1303.

[40] Wang J, Wang A, He H, et al. Trametenolic acid B protects 
against cerebral ischemia and reperfusion injury through 
modulation of microRNA-10a and PI3K/Akt/mTOR signal-
ing pathways. Biomed Pharmacother. 2019;112:108692.

[41] Wu Y, Yao J, Feng K. miR-124-5p/NOX2 axis mod-
ulates the ROS production and the inflammatory 
microenvironment to protect against the cerebral 
I/R Injury. Neurochem Res. 2020;45(2):404–417.

[42] Deng Y, Ma G, Dong Q, et al. Overexpression of 
miR-224-3p alleviates apoptosis from cerebral ischemia 
reperfusion injury by targeting FIP200. J Cell Biochem. 
2019;120(10):17151–17158.

[43] Gao N, Tang H, Gao L, et al. LncRNA H19 aggravates 
cerebral ischemia/reperfusion injury by functioning as 
a ceRNA for miR-19a-3p to Target PTEN. Neuroscience. 
2020;437:117–129.

[44] Zheng T, Shi Y, Zhang J, et al. MiR-130a exerts neuropro-
tective effects against ischemic stroke through PTEN/PI3K/ 
AKT pathway. Biomed Pharmacother. 2019;117:109117.

2522 Z. LU ET AL.


	Abstract
	Introduction
	Materials and methods
	Animal model
	Cerebral infarct volume assay
	LDH activity assay
	TUNEL assay
	Immunofluorescence assay
	Cell culture and transfection
	MTT assay
	Apoptosis assay
	Quantitative reverse-transcription PCR (qRT-PCR)
	Western blotting
	Luciferase reporter assay
	RNA pull-down assay
	Statistical analysis

	Results
	LOC366613
	LOC366613 was upregulated in cerebral I/R–injured mice and PC12 cells
	LOC366613 knockdown alleviated invivo cerebral I/R injury
	LOC366613 knockdown alleviated damage in OGD-treated PC12 cells
	LOC366613 targeted miR-532-5p
	miR-532-5p reversed LOC366613-induced cerebral I/R injury
	PTEN was atarget of miR-532-5p


	Discussion
	Conclusion
	Highlights
	Data Availability
	Disclosure statement
	Author contributions
	References



