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Neuroprotective mechanisms of miR-124 activating
PI3K/Akt signaling pathway in ischemic stroke
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Abstract. The neuroprotective mechanisms of miR-124
activating phosphoinositide 3-kinase (PI3K)/Akt signaling
pathway in ischemic stroke were investigated. The
oxygen-glucose deprivation model of nerve cells induced by
PC12 cells was established in vitro, then miR-124 mimics
or inhibitor was transfected and synthesized by liposome.
Cells were divided into the blank control, model, mimics
and inhibitor groups, and the apoptotic rate was determined
using flow cytometry. Additionally, the expression levels of
PI3K, Akt, Bax, Bcl-2, caspase-3 mRNA and protein were
tested by quantitative PCR and western blot analysis at 0, 3, 6,
12 and 24 h, respectively. The apoptotic rate at each time-point
in the blank control group was not significantly different. The
apoptotic rate of the model and inhibitor groups increased
over time, whereas the mimics group decreased (P<0.05).
The apoptotic rate at each time-point in the mimics group
was significantly lower than that of the model and inhibitor
groups, and the rate of the inhibitor group was higher than
that of the model group (P<0.05). PI3K, Akt and Bcl-2 mRNA
and protein expression levels at the different time-points in
the mimics group were significantly higher than those of the
remaining groups (P<0.05). The expression levels of Bax and
caspase-3 mRNA and protein in the inhibitor group were the
highest, followed by the model and mimics groups, while that
of the blank control group was the lowest (P<0.05). The results
suggest that miR-124 participates in the neural protection of
ischemic stroke by activating the PI3K/Akt signaling pathway.

Introduction

Apoptosis of ischemic stroke is a principal mechanism that
participates in nerve injury and recovery (1). As a cascade
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reaction, apoptosis is regulated by intracellular genes and
extracellular factors (2). miR-124 is abundantly expressed in
neuronal cells (3). As the richest miRNAs, miR-124 accounts
for 25-48% of total miRNAs in the brain (3). Additionally, it
participates in a series of significant physiological activities
including neuronal cell cycle regulation, cell differentiation,
spinal cord development and the regulation of adult neurogen-
esis (4).

Previous findings showed that the anoxic environment
of cerebral stroke can stimulate the stable upregulation of
miR-124 expression, which is reported to be closely related
to the phosphoinositide 3-kinase (PI3K)/Akt pathway (5).
The PI3K/Akt signaling pathway is an important surviving
and anti-apoptotic signal transduction pathway, which plays
a significant biological function in cell apoptosis, survival,
proliferation, cytoskeleton change and other activities (6).
Ischemic brain injury can activate the neural stem cells (NSCs)
that gather within the brain when in a resting state, and induce
proliferation and differentiate to neurons, which plays a role in
repairing the nerve function (7).

The aim of the present study was to examine the neuro-
protective mechanisms of miR-124 activating the PI3K/Akt
signaling pathway in ischemic stroke. The results showed that
miR-124 activation of the PI3K/Akt signaling pathway was
involved in the induction and differentiation of NSCs and
serves as a potentially significant target for the treatment of
ischemic stroke.

Materials and methods

Establishment of oxygen-glucose deprivation (OGD) model
of nerve cells. The neuron-like PC12 cell (conserved by Cell
Laboratory of The Affiliated Hospital of Zunyi Medical
College) with the appropriate growth condition (cell volume
85-90%) was selected and washed 3 times using Dulbecco's
modified Eagle's medium (DMEM) without glucose containing
10% fetal bovine serum and 1.0 mmol/l sodium hydrosulfide
for culture. The cell culture flask was placed in the anoxic tank
and incubated at 37°C for 0, 3, 6, 12 and 24 h.

miR-124 mimics or inhibitor was transfected and synthesized
by liposome. The miR-124 expression vector was constructed
by BLOCK-iT™ Pol IT miR-RNAi expression vector kit with
EmGFP, and then the miR-124 expression vector or negative
control plasmid was transfected using Lipofectamine 2000
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Table I. Comparison of apoptotic rate (%).
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Groups 0 3h 6h 12h 24h F-value P-value
Blank 0.06+0.01 0.08+0.01 0.09+0.02 0.10£0.02 0.08+0.02 0.635 0.427
Model 32.6+£10.3 43.6+£15.2 49.7£18 4 56.3+19.3* 64.8+20.3* 9.468 <0.001

Mimics 153+£5.2 12.6£5.5° 10.5+5.6° 9.4+4.3° 8.6+4.0° 8.352 <0.001

Inhibitor 40.5+12.6 45.9+16.2* 542+159° 59.7+21.2 66.5+24.6" 9.123 <0.001

F-value 12.306 14.524 16.529 20.321 25426

P-value <0.001 <0.001 <0.001 <0.001 <0.001

“Indicates increase with time in comparison to 0 h; "indicates decrease with time in comparison to 0 h.

reagent (both from Invitrogen Life Technologies, Carlsbad,
CA, USA) into the PC12 cell. The negative control plasmid
contained a sequence that can form a similar precursor
miRNA. Twenty-four hours after transfection, 3 nnsf
blasticidin (Sigma-Aldrich, St. Louis, MO, USA) was added
to the culture media for continuous screening for 10 days. The
resistant clones were selected using a fluorescence microscope
and thereafter, the clones were expanded and re-cultured.

Experimental grouping. Cells were divided into four groups:
Blank control group (PCI12 cell), model group (PC12 cell
OGD model), mimics group and inhibitor group, and the
apoptotic rate was determined using flow cytometry (FCM).
The expression levels of p-PI3K, p-Akt, Bax, Bcl-2, caspase-3
mRNA and protein were examined using RT-PCR and western
blotting, at 0, 3, 6, 12 and 24 h.

FCM technique. The cells were suspended in PBS and centri-
fuged at 850 x g for 5 min. Annexin V-FITC combination
liquid (500 pl) was added into each tube to resuspend the cells,
followed by 5 ul Annexin V-FITC and 10 ul PI dye liquor (all
from Beijing Zhongshan Biological Technology Co., Ltd.,
Beijing, China). After gentle mixing, the cells were incubated
for 10 min at room temperature in the dark, and the apoptotic
rate was determined by FCM (Beckman Coulter, Inc., Brea,
CA, USA).

qPCR test. Total RNA was extracted by miRNA isolation kit,
and the RNA was removed by DNase I (both from Ambion,
Austin, TX, USA) to test concentration, purity and integrity.
RNA was reverse transcribed to cDNA by Reverse Trans-
cription kit (Qiagen GmbH, Hilden, Germany). SYBR-Green
Fluorescentdye (Sigma-Aldrich) was used for qPCR, performed
on LightCycler (Roche Diagnostics GmbH, Mannheim,
Germany) apparatus. Primers were designed according to the
GenBank website, with internal reference for company, and the
RNA was removed using DNase I (Ambion) Technology Co.,
Ltd. PCR reaction conditions were: Pre-denaturation at 94°C
for 5 min, 94°C for 30 sec, 63°C for 30 sec, 72°C for 30 sec, a
total of 35 cycles, with overall elongation for 7 min at 72°C.
The results were expressed by 2244 method.

Western blotting. Total protein was extracted by RIPA lysate
(Biyuntian Biotechnology Institute, Beijing, China), and the
purity was determined by BCA reagent (Wuhan Boshide

Biological Engineering Co., Ltd., Wuhan, China). Protein
(10 ug) was loaded, separated by 12% SDS-PAGE and trans-
ferred onto NC membranes (both from R&D Systems, Inc.,
Minneapolis, MN, USA), with blocking at room temperature
for 1 h. The membranes were incubated with rabbit polyclonal
PI3K antibody (dilution, 1:500; cat. no. ab182651), rabbit poly-
clonal Akt antibody (dilution, 1:500; cat. no. ab38449), rabbit
monoclonal Bax antibody (dilution, 1:500; cat. no. ab32503),
rabbit monoclonal Bcl-2 antibody (dilution, 1:500; cat.
no. ab32124), rabbit polyclonal caspase-3 antibody (dilution,
1:500; cat. no. ab13847) and rabbit polyclonal (3-actin antibody
(dilution, 1:500; cat. no. ab8227) (all purchased from Abcam,
Cambridge, MA, USA) overnight at 4°C. The membrane was
washed three times using TBST, and secondary goat anti-rabbit
(HRP) IgG antibody (dilution: 1/2000; Abcam, Cambridge,
MA, USA; Catlog#: ab6721) was added. The membrane was
then incubated at room temperature for 1 h, washed with
TBST three times, and chemiluminescence (ECL; Biyuntian
Biotechnology Institute) was performed. Grayscale bands
were observed using an optical microscope (Olympus, Tokyo,
Japan).

Statistical analysis. Using SPSS 19.0 software (SPSS, Inc.,
Chicago, IL, USA) for data analysis, measurement data were
expressed as mean + standard deviation. Single factor analysis
of variance (ANOVA) was used to compare indexes among all
groups, and repeated measurements ANOVA was applied to
compare data in each group. P<0.05 was considered to indicate
a statistically significant difference.

Results

Comparison of apoptotic rate. The apoptotic rate at each
time-point in the blank control group was not significantly
different. The apoptotic rate of the model and inhibitor
groups increased over time, whereas that of the mimics group
decreased at each time-point, and the difference in each group
was statistically significant (P<0.05). The apoptotic rate at
each time-point in the mimics group was significantly lower
than that of the model and inhibitor groups, while the inhibitor
group was higher than the model group, and the difference was
statistically significant (P<0.05) (Table I).

Comparison of expression levels of mRNA in PISK/Akt
signaling pathway. The expression levels of PI3K, Akt and
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Figure 1. Comparison of mRNA expression levels using RT-PCR in PI3K/Akt signaling pathway. PI3K, phosphoinositide 3-kinase.

Bcl-2 mRNA at each time-point in the mimics group were
significantly higher than those of the other groups, followed
by the model group and inhibitor group, and the blank control
group, which had the lowest expression levels. Differences
among the groups were statistically significant (P<0.05). The
expression levels of Bax and caspase-3 mRNA in the inhibitor
group were the highest overall, followed by the model and
the mimics groups, with the blank control group having
the lowest expression levels. Differences among the groups
were statistically significant (P<0.05). The changing trend at
different time-points in each group is shown in Fig. 1.

Comparison of the expression level of proteins in the PISK/Akt
signaling pathway. At 12 h, a comparison of expression level
of protein in each group and among all groups coincided with
the changing trend of mRNA (Fig. 2).

Discussion

The mutual intervention and regulation at different levels have
led to identification of numerous transduction and regulation
pathways of apoptosis. PI3K is a lipid kinase and PI3K family
is related to cell proliferation, anti-apoptosis, cell migration,
membrane vesicle transport, cell carcinoma transformation
and other processes (8). Protein kinase B (PKB), also known
as Akt, is a serine/threonine kinase. Activated Akt can regu-
late cell function by phosphorylating various enzymes, kinases
and transcription factors. Activation of Akt phosphorylation
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Figure 2. Comparison of protein expression levels using western blotting in
PI3K/Akt signaling pathway. PI3K, phosphoinositide 3-kinase.

mainly depends on the PI3K activation, through the phosphor-
ylation and inactivation of its downstream substrate. Activated
Akt can promote cell survival via various avenues. After brain
injury, multiple neurotrophic factors play a protective effect
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on the brain by activating the PI3K/Akt signaling pathway (9).
Another study indicated that the Akt expression in the brain
tissue of the adult rabbit was a trace, while the expression
of p-Akt increased 1 h after traumatic brain injury, and the
immune response was enhanced at the edge of the lesion (10).
The difference of expression of p-Akt area in the whole brain
may lead to a different extent of cell injury, suggesting that the
PI3K/Akt signaling pathway participated in the regulation of
the pathological process of traumatic brain injury, while the
expression amount of p-Akt was related to the extent of brain
injury (11). The study found that ischemic brain tissue can
express erythropoietin and plays a protective role in the brain
by activating ERK1/2 and Akt signaling pathways (12).

There are various expression types in the nervous system,
the specific miRNAs in brain tissue contains miR-9, miR-124a,
miR-124b, miR-135, miR-153, miR-183, miR-219 (13). In their
study, Lagos-Quintana et al (14) found a specific expression of
miR-101, miR-124, miR-127, miR-128, miR-131 and miR-132
in mouse brain tissue, with miR-124 expression being the
most obvious and most highly expressed in the cerebral cortex
and cerebellum (13). These miRNAs may be closely related
to the differentiation of developmental neuron of brain tissue
and the performance of advanced neural function (15), such
as miR-124 overexpression of P19 cells of mouse which in a
state of differentiation can promote axonal growth; blocking
miR-124 expression could decrease the expression levels of
acetylated-tubulin and affect axon growth. The expression
profile of miRNAs in the tissues and plasma of patients with
ischemic stroke was significant. Dharap er al (16) tested
the expression of 238 miRNAs in the brain tissues of rats
for 3 h to 3 days after the model of focal cerebral ischemia
reperfusion injury was established. They found that the
expression amount of 8 miRNAs increased significantly and
the expression of 12 miRNAs evidently decreased. The change
of miRNA expression profile after cerebral ischemia was
specific, and the change of miRNAs in plasma was consistent
with that in tissue (17), which indicated that miRNAs are
potential markers for diagnosis of ischemic stroke.

Based on the results of the present study, we can conclude
that the apoptotic rate in the model and inhibitor groups
increased over time, although the mimics group decreased
over time, and the difference in each group was statistically
significant. The apoptotic rate at each time-point in the mimics
group was significantly lower than that of the model and
inhibitor groups, while the inhibitor group was higher than the
model group, and the difference was statistically significant.
The expression levels of PI3K, Akt and Bcl-2 mRNA and
protein at each different time-point in the mimics group were
significantly higher than those of other groups, followed by the
model and inhibitor groups, with the blank control group was
the lowest, and the difference among the groups was statisti-
cally significant. The expression levels of Bax and caspase-3
mRNA and protein in the inhibitor group were the highest
versus the model and mimics groups, while the blank control
group was the lowest, and the difference among the groups
was statistically significant. The results of the present study
revealed that miR-124 participated in the neural protection of
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ischemic stroke by activating the PI3K/Akt signaling pathway,
while the intervention of miR-124 or PI3K/Akt signaling
pathway is a significant target for the treatment of ischemic
stroke and repair of neural function.
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