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MIR-182 AFFECTS NERVE CELL DAMAGE AFTER EPILEPSY BY REGULATING THE EXPRESSION
OF TARGET GENE APLN
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ABSTRACT

Objective: To analyze the mechanism of miR-182 and APLN genes in neuronal injury after epilepsy.

Methods: The over-expression vector and silencing vector of miR-182 were constructed, and the neurons were transfected with
miR-shNC. The negative control group was established. The expression of APLN mRNA was detected using real-time quantitative
PCR, and the expression of caspase, Bax, and Bcl-2 apoptosis proteins were detected by Western blot. In addition, pentylenetetrazol
was used to establish the epileptic model in rats. Three kinds of plasmids, including the over-expression of APLN, silencing of APLN,
and over-expression of miR-182, were injected into rats respectively, and a negative control group was set up. An epileptic cell model
of hippocampal neurons was established. The expression of APLN mRNA in the hippocampal tissue of rats in each group was detected
by real-time quantitative PCR, and the Western blot method was used to detect the expression of caspase, Bax, and Bcl-2 apoptotic
proteins in the neuronal epilepsy cells and hippocampus of each group of rats.

Results: The expression of APLN mRNA in the over-expressed miR-182 group was significantly lower than that in the silenced
miR-182 group (P<0.05). The expression of caspase and Bax protein in the over-expression miR-182 group was significantly higher
than that in the negative control group (P<0.05), and the expression of Bcl-2 protein was significantly lower than that in the negative
control group (P<0.05). The expression of caspase and Bax in the neurons of the miR-182 group was significantly lower than that of the
negative control group (P<0.05), and the expression of Bcl-2 was significantly higher than that of the negative control group (P<0.05).
The expression of APLN mRNA in the over-expression APLN group was significantly higher than that in the negative control group
(P<0.05), and the expression of APLN mRNA in the silenced APLN group and the over-expression miR-182 group was significantly
lower than that in the negative control group (P<0.05). The expression of caspase and Bax protein in epileptic cells and hippocampal
tissues of rat hippocampal neurons increased gradually in the over-expression APLN group, negative control group, over-expression
miR-182 group, and silenced APLN group, and the Bcl-2 protein decreased gradually.

Conclusion: The APLN gene can reduce apoptosis by regulating apoptosis proteins, inhibit miR-182, up-regulate APLN gene
expression, and protect neurons from injury after epileptic seizure.
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Introduction and transmission mode of the abnormal discharge,

the clinical manifestations of epilepsy are various,

Epilepsy refers to temporary brain dysfunction
caused by the sudden abnormal discharge of brain
neurons. The World Health Organization reports that
more than 50 million people suffer from epilepsy
worldwide. The overall prevalence rate of epilepsy
in China is 7.0%, and it has become the second most
common disease after headache in neurology'.
Because of the differences in the initial position

and it can manifest as delirium, muscle rigidity,
myoclonus,and other symptoms. With the continuous
deepening of research on epilepsy, breakthroughs
have been made in the theory of its pathogenesis.
It is generally believed that the abnormal discharge
of brain neurons during seizure is closely related to
glial cells, synaptic connections, neurotransmitters,
genetics, etc.?. Neural cell injury is an important
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cause of epilepsy during development, and this
process is mainly achieved through the regulation
of apoptosis-related genes. miRNA is a kind of
endogenous non-coding small molecular RNA,
which negatively regulates the expression of target
genes and protein synthesis at the transcription
level. In recent years, it has been confirmed that
human temporal lobe epilepsy can cause a change
in specific miRNA in brain tissue, revealing that
miRNA may participate in the pathogenesis and
mutation process of epilepsy®. Apelin is encoded by
the APLN gene, which is expressed in many tissues
and can regulate the inflammatory response in the
process of myocardial ischemia-reperfusion injury
and oxidative stress®.

Some scholars have found that the expression
of APLN in the hippocampus and hypothalamus
of the nervous system increased significantly®.
Therefore, the purpose of this study is to analyze
the mechanism of miR-182 and the APLN gene in
neuron injury after epilepsy.

Materials and methods

Experimental reagents and instruments

Rat hippocampal neurons were purchased from
Shanghai Kanglang Biotechnology Co., Ltd.; cell
culture and pancreatin cell cryopreservation solution
were purchased from Zhonggiao Xinzhou Biological
Company; TRIzol® reagent was purchased from
Invitrogen Corporation of the United States;
RNase-free water was purchased from Beijing
Tiangen Biotechnology Company; APLN goat
anti-rabbit antibody was purchased from American
Abcam; rabbit anti-mouse caspase, Bax, Bcl-2
polyclonal antibodies were purchased from Beijing
Bosen Biotech Co.; the ECL chemiluminescence
development kit was purchased from Thermo
Fisher Scientific Co., Ltd. ; RIPA protein lysate was
purchased from Wuhan Boshide Biological Co., Ltd.

Cell incubators were purchased from Thermo
Fisher Technology Co., Ltd.; low-speed centrifuges
were purchased from Heraeus company in Germany;
protein electrophoresis instrument was purchased
from Shanghai Junyi Co., Ltd; an inverted
microscope was purchased from OLYMPUS
company; a vertical electrophoresis tank and a
membrane transfer instrument were purchased from
BIO-RAD company in the United States; a micro
vortex mixer was purchased from Beijing Tongzheng
biotechnology development company; a micro
pipette was purchased from Eppendorf company

in Germany -80 °C and -20 °C refrigerators were
purchased from Qingdao Haier company.

Neuron cell culture, transfection,and detection
methods

Neurons in good condition were cultured in
a medium containing penicillin streptomycin and
neurotrophic factors. When the fusion degree reached
90%, the cells were sub-cultured. During trypsin
digestion, we waited for more than 60% of cells to
digest the trypsin, and then stopped the digestion.
The cells were evenly divided into six well plates. To
each well was added with 1 ml of basic medium for
the culture, and the growth of cells was observed. A
mature sequence of miR-182 was obtained from the
miRBase database, and the over-expression vector
and silencing vector for miR-182 were designed,
respectively. The neurons were transfected with miR-
182, and the negative control group was established
by using an empty miR-shNC transfection.

* Real-time quantitative PCR method to detect
the effect of miR-182 transfection on the expression
of APLN mRNA in rat neurons: The TRIzol®
method was used to extract the total RNA of the
neurons. According to the instructions of the reverse
transcription kit, the designed miR-182 reverse
transcription primer and the primer mix of the APLN
target gene were used to reverse-synthesize cDNA
with the total RNA as template. The expression of
the APLN gene in neurons was detected using SYBR
green mix fluorescent dye in a real-time fluorescent
quantitative PCT amplification instrument. Using
cDNA as template and 3-actin as internal control, the
APLN gene was pre-denatured for 5 min at 95 °C, 5
s at 95 °C, and 30 s at 60 °C for 40 cycles. The data
were analyzed using the>~“CT formula.

* Western blot method for detecting the effect
of miR-182 transfection on neuronal apoptosis
protein: we collected neurons transfected with the
miR-182 vector and silencing vector, and extracted
protein using the BCA kit for protein quantification.
We added 10 pL of loading buffer to the sodium
dodecyl sulfate-polyacrylamide gel electrophoresis,
and transferred to PVDF membrane after 1 h. We
blocked with 5% skim milk powder for 1 h and
added the rabbit anti-mouse caspase diluted 1:500.
The Bax and Bcl-2 polyclonal antibodies were
shaken in a refrigerator at 4 °C overnight, and the
corresponding secondary antibodies were added and
incubated at room temperature for 2 h. The electro-
chemiluminescent reagent was developed and
exposed, and then scanned with a scanner.
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Preparation, transfection, and detection of
epileptic cells in rat hippocampus and neurons

The rats, 24 healthy females, 8-10 weeks old, were
purchased from Beijing Weitonglihua Experimental
Animal Technology Co., Ltd. and raised at a room
temperature of 22-24 °C and a humidity of 50-60%.
They were fed for 12 h alternately day and night and
were permitted to drink and eat freely.

The epilepsy model was established by
pentylenetetrazol. After the model was established
successfully, three different plasmids, i.e., the
over-expression APLN, silencing APLN, and over-
expression miR-182, were injected into the rats in
a mixed solvent, and the empty carrier miR-shNC
was injected to establish the negative control group.
Establishment of epileptic cell model of hippocampal
neurons: the hippocampal neurons of rats were
cultured in normal medium for 14 days. The original
medium was discarded, washed with low magnesium
extracellular solution, and then cultured in low
magnesium extracellular solution (2 ml per hole).

After it had cultured in normal cell solution
for 3 h in an incubator, the extracellular solution
was washed twice, and then cultured in normal
maintenance solution (2 ml per hole) for 14 days.
Finally, the medium was used for a follow-up test.

* Real-time quantitative PCR was used to detect
the effect of APLN on the expression of APLN
mRNA in the hippocampus of epileptic rats.

* Western blot was used to detect the effect of
APLN on caspase, Bax, and Bcl-2 apoptotic proteins
in the epileptic cells and hippocampus of rats. The
procedure was the same as 1.2,

Statistical methods

All the measurement data for this study are
expressed as (Xts).

The mean comparison between the two groups
was tested by independent sample t, and the mean
comparison between multiple groups was analyzed
by ANOVA; P<0.05 was regarded as statistically
significant. The data for this study were analyzed
using the SPSS 20.0 software package.

Results

Effect of miR-182 on APLN mRNA expression
in rat neurons

The expression of APLN mRNA in the over-
expression miR-182 group was significantly lower
than that in the silenced miR-182 group (P<0.05).
See Figure 1.
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Figure 1: Effect of miR-182 transfection on APLN
mRNA of rat neurons.

The effect of miR-182 transfection on
neuronal caspase, Bax, Bcl-2 apoptosis protein

Western blot analysis showed that the expression
of caspase and Bax protein in neurons of the over-
expression miR-182 group was significantly higher
than that in the negative control group (P<0.05), and
the expression of Bcl-2 protein was significantly
lower than that in the negative control group (P<0.05).

The expressions of caspase and Bax protein
in neurons in the silenced miR-182 group were
significantly lower than that in the negative control
group (P<0.05), and the expression of Bcl-2 protein
was significantly higher than that in the negative
control group (P<0.05). See Figure 2 and Table 1.
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Figure 2: Effect of miR-182 transfection on neuronal ca-
spase, Bax, Bcl-2 apoptosis protein.

Group Caspase Bax Bcl-2
Negative control group 0.73+0.04 1.19+0.08 0.76+0.09
Over-expression miR-182 group 0.92+0.09* 2.52+1.01* 0.50+0.04*

Silenced miR-182 group 0.40+0.08* 0.52+0.07* 1.38+0.12*

Table 1: Effect of miR-182 transfection on neuronal ca-
spase, Bax, Bcl-2 apoptosis proteins (Xts).
Note: Compared with the negative control group "P<0.05.
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Effect of APLN transfection on the expression
of APLN mRNA in hippocampus of epileptic rats

The expression of APLN mRNA in the over-
expression APLN group was significantly higher than
that in the negative control group (P<0.05), and the
expression of APLN mRNA in the silenced APLN
group and the over-expression miR-182 group was
significantly lower than that in the negative control
group (P<0.05). See Figure 3.

Effect of APLN transfection on caspase, Bax,
and Bcl-2 apoptosis proteins in hippocampus of
epileptic rats

The expression of caspase and Bax protein in
the hippocampus of epileptic rats increased gradually
in the over-expressed APLN group, negative control
group, over-expressed miR-182 group, and silenced
APLN group, and the Bcl-2 protein decreased
gradually. See Figure 5 and Table 3.
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Figure 3: Effect of APLN transfection on the expression
of APLN mRNA in the hippocampus of epileptic rats.

Effect of APLN transfection on caspase, Bax,
and Bcl-2 apoptosis proteins in rat hippocampal
neuronal epilepsy cells

The expression of caspase and Bax protein in rat
hippocampal epilepsy neurons increased gradually
in the over-expressed APLN group, negative control
group, over-expressed miR-182 group, and silenced
APLN group, and the Bcl-2 protein decreased
gradually. See Figure 4 and Table 2.
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Figure 4: Effect of APLN transfection on the expression
of APLN mRNA in the hippocampus of epileptic rats.

Group Caspase Bax Bcl-2
Over-expression APLN group 0.50+0.01 0.48+0.02 1.00+0.02
Negative control group 0.75+0.05 0.51+0.06 0.80+0.07
Over-expression miR-182 group 1.12+0.16 0.76+0.08 0.53+0.05

Silenced APLN group 1.13+0.07 1.02+0.09 0.49+0.07

Table 2: Effects of APLN transfection on apoptosis pro-
tein in rat hippocampal epilepsy neurons (X+s).
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Figure 5: Effect of APLN transfection on caspase, Bax,
and Bcl-2 apoptosis proteins in the hippocampus of epi-
leptic rats.

Group Caspase Bax Bcl-2
Over-expression APLN group 0.48+0.04 0.20+0.03 1.26+0.09
Negative control group 0.49+0.02 0.42+0.05 0.74+0.02
Over-expression miR-182 group 0.71+£0.05 0.62+0.08 0.51+0.05
Silenced APLN group 0.92+0.11 0.90+0.12 0.50+0.06

Table 3: Effect of APLN transfection on caspase, Bax,
and Bcl-2 apoptosis proteins in the hippocampus of epi-
leptic rats (Xts).

Discussion

Epilepsy is one of the common diseases of the
nervous system. Its long-term and recurrent chronic
attacks seriously affect the life, study, and work of
patients. It is a syndrome with complicated etiology,
pathophysiology, and clinical manifestations. Its
pathogenesis is not yet clear, and most of the clinical
control is based, so it is important for clinical
diagnosis, prevention, and treatment to clarify the
pathogenesis”. MiRNAs are a class of endogenous
non-coding RNA, which can regulate gene
expression by pairing with a target gene mRNA to
form a silencing complex, inhibiting the translation
or degradation of target mRNA, and thus playing
an important role in regulating an organism®. In
recent years, it has been reported that a variety of
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miRNA populations are involved in nervous system
diseases. The abnormal expression of an miRNA
biotransformation pathway is related to epilepsy,
Alzheimer's disease, Parkinson's disease, and other
nervous system diseases®. miR-182 is a member of
miR-183/96/182 family. Its content is abundant in
the brain of adults and embryos. It is believed that
miR-182 may participate in the transformation of
neuro-hepatocytes to mature neurons. Some scholars
have found that miR-182 can aggravate brain injury
by inhibiting the expression of the iASPP gene, and
it can also promote the expression of the caspase-3
protein to further aggravate brain injury'®.

Apelinis an endogenous ligand of the G-protein-
coupled receptor APJ, which is encoded by the
APLN gene. It is widely distributed in the central
nervous system in the hippocampus, amygdala,
striatum, and lateral hypothalamus, suggesting that
it may play an important physiological role in the
central nervous system". It has been confirmed that
APLN may play an important role in the process of
neuronal excitotoxic injury and apoptosis'?. The
APLN gene is widely distributed in the nervous
system, but its mechanism of action in nerve injury
is not clear. Some scholars have found through
the establishment of an epilepsy model in rats that
APLN pretreatment can significantly increase the
threshold of epileptic onset, inhibit the application
of inflammation and apoptosis, and play a protective
role in cortical neurons'?. The results of real-time
quantitative PCR have showed that the expression
of APLN mRNA in the over-expression miR-
182 group was significantly lower than that in the
silenced miR-182 group (P<0.05), which confirmed
that over-expression miR-182 could significantly
inhibit the expression of APLN mRNA.

Studies have found that miR-182 also plays
an important role in the apoptosis of neurons®.
Repeated seizures are closely related to patients'
cognitive dysfunction and neuron damage caused
by frequent epileptic activity, including neuronal
apoptosis. The caspase family plays a key role in
the process of cell apoptosis. After it is activated,
caspase can play an important role in many kinds
of functional proteins that maintain cell activity and
cell apoptosis’?. BCL2 is an anti-apoptotic gene,
and BAX is an apoptotic gene. Both of them regulate
the function of apoptosis by inducing the release of
apoptotic factors and regulating the mitochondrial
cytochrome'®. The Western blot showed that
caspase and Bax protein expression in the over-
expression miR-182 group was significantly higher

than in the negative control group (P<0.05), and
Bcl-2 protein expression was significantly lower
than in the negative control group (P<0.05), which
suggested that over-expression of miR-182 might
promote neuron apoptosis through caspase, Bax,
Bcl-2 and other apoptotic proteins. In this study, we
found that the expression of caspase and Bax protein
in the epileptic cells of hippocampal neurons and the
hippocampal tissues of rats increased gradually in
the over-expression APLN group, negative control
group, over-expression miR-182 group, and silenced
APLN group, and the expression of Bcl-2 protein
decreased gradually. This suggests that APLN can
regulate the expression of apoptotic genes to reduce
the apoptosis of neurons, and has a protective effect
on cell damage after epilepsy.

In conclusion, the APLN gene can reduce
apoptosis by regulating apoptotic protein, protect
neurons from damage after seizure, inhibit miR-182,
and up-regulate the expression of APLN gene.
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