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MicroRNA-155 contributes to the occurrence of epilepsy
through the PI3K/Akt/mTOR signaling pathway
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Abstract. Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) was used to measure the expres-
sion of microRNA-155 in patients with temporal lobe epilepsy.
Commercial kit and western blot analysis were used to measure
gap-associated protein expression. The aim of the present study
was to investigate the effect of microRNA-155 (miRNA-155)
in the occurrence of epilepsy and the molecular mechanism
involved. In patients with temporal lobe epilepsy, miRNA-155
expression was evidently higher than that in patients of the
normal volunteers group. Overexpression of miRNA-155
resulted in decreased brain-derived neurotrophic factor (BDNF)
and tropomyosin receptor kinase B (TrkB) protein expression,
increased caspase-3 activity, tumor protein p33 (p53) and apop-
tosis regulator BAX (Bax) protein expression, and inhibited
phosphoinositide 3-kinase (PI3K), phosphorylated (p-)protein
kinase B (Akt) and p-mechanistic target of rapamycin (mTOR)
protein expression in epilepsy cells. PI3K inhibitor accelerated
the effect of miRNA-155 on the inhibition of BDNF and TrkB
protein expression, the promotion of caspase-3 activity, p53 and
Bax protein expression, and the inhibition of PI3K, p-Akt and
p-mTOR protein expression in epilepsy cells. The present find-
ings indicate that miRNA-155 contributes to the occurrence of
epilepsy through the PI3K/Akt/mTOR signaling pathway.

Introduction

Epilepsy is a syndrome caused by the paradoxical discharge
of the high synchronization of brain cells, which is caused by
either a known or unknown pathogenesis. The clinical mani-
festation has certain features of a malfunction in the central
nervous system, with repeatability, paroxysms, transience and
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inflexibility, showing paroxysmal feelings, and automatic nervous
dysneuria or a combination of these (1). An epidemiological
survey showed that the morbidity of epilepsy in general is 50-70
cases/100,000 individuals (2). Following establishment of treat-
ment, ~80% of epilepsy attacks can be controlled, but ~20% of
patients have poor outcomes (3). Epilepsy is a type of chronic or
repeatedly paroxysmal disease. Long-term repeated seizures may
result in hypophrenia, insanity, a poor memory and reductions in
the ability for social adaptation for numerous patients. This may
seriously impact the life and work of a patient and their ability
to learn (4). If children or adolescents suffer from epilepsy, intel-
ligence and physical development may be more easily impacted.
Epilepsy drugs administered for a long time may make certain
patients drowsy, tired and inattentive (5). Furthermore, it is hard
for epilepsy patients, particularly infants, to achieve a normal
education and to be capable of mastering normal work (6).
Therefore, epilepsy attacks not only bring pain to the bodies
and spirits of patients and their families, but also increases the
economic burden of health care. This directly impacts quality
of life, particularly in the case of damage to the central nervous
system caused by status epilepticus, which is serious with a longer
duration. Damage caused to hippocampal neurons is even more
serious and impacts the quality of life of patients (7).
MicroRNAs (miRNAs) are small non-coding RNA mole-
cules with a length of 20-24 nt. miRNA are cut by pre-miRNA
with a length of 60-70 nt and a hairpin structure (8). In plant
and animal cells, miRNA can restrain gene activity or degrade
target genes to regulate expressive activity following tran-
scription through interaction with the target gene's specific
sequences (9). Every type of miRNA can participate in growth,
development, aging and death, as miRNAs have high stability,
conservatism, time sequence and tissue specificity in terms of
system evolution between species (10).
AmongtheexistingmiRNAs,70% are expressed in the brain
tissues of mammals, including certain miRNAs (miRNA-124a,
miRNA-128 and miRNA-101) specific to the brain tissues.
Brain tissues are rich in miRNAs (such as miRNA-125b) (11),
which express and regulate different physiological processes
and conduction pathways in the nervous system, and serve an
important role in the initiation and development of the nervous
system, neural stem cell differentiation and cell apoptosis (12).
It has been shown that the brain miRNA-133 level in patients
with Parkinson's disease is markedly reduced compared with
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that in normal control patients. miRNA-25 downregulation in
Alzheimer's disease has synergistic effects with ROS (12).

The phosphoinositide 3-kinase (PI3K)/protein kinase B
(Akt) signaling pathway serves an important function in
the proliferation, differentiation, survival and migration of
regulating cells, and is an extremely important conduction
pathway of ‘survival signals’ (it is also known as the ‘apoptosis
resistance’ pathway) (13). PI3K can activate phosphorylated
(p-)Akt level to develop its biological functions, and it is an
important indicator of standing for the access activity (14).
p-Akt can activate multiple downstream proteins, including
Bcl-2-associated agonist of cell death (Bad), caspase-3, nuclear
factor-kB, Kp85, mechanistic target of rapamycin (mTOR),
apoptosis regulator Bcl-2 (Bcl-2) and apoptosis regulator BAX
(Bax), so as to mediate the growth of induced cells. In the
signal transduction anti-apoptosis pathway, activation of the
PI3K/Akt signal transduction pathway can be regarded as a
signal of cell growth and anti-apoptosis (15).

mTORs are highly conservative serine/threonine protein
kinases that have multiple activation methods. PI3K/Akt/mTOR
signaling pathway is the most common method to be induced
by growth factors and superfamily (16). The activated Akt
can suspend its inhibitory effects on mTOR, leading to mTOR
activation by the inhibition of tuberous sclerosis (TSC)1/TSC2
compound activity relief. In addition to hypoxia, amino acid
level and DNA damage, multiple physiological and pathological
factors may activate or restrain mTORs (17). mTORs generate
a complicated biological effect by forming the functional
compounds mTOR complex 1 (mTORC1) and mTORC2 (16).
The present study aimed to detect the contribution of
miRNA-155 to the occurrence of epilepsy, and to investigate its
neuroprotective effect and mechanism.

Materials and methods

Ethical considerations and patient recruitment. Patients
with temporal lobe epilepsy (age, 72+6.5 years) and volun-
teers (age, 68+5.5 years) were enrolled from the Department
of Neurology, Ya'an Hospital (Ya'an, Sichuan, China). The
protocol was approved by the Ethics Committee of Ya'an
Hospital. The study was conducted in accordance with the
guidelines and the principles expressed in Ya'an Hospital.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Blood from patients with temporal lobe epilepsy
and volunteers was collected and centrifuged at 3,000 x g
for 10 min at 4°C. Total RNA was isolated from the serum
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) according to the manufacturer's protocol.
Total RNA (1 pg) was reverse-transcribed using a RevertAid
First Strand cDNA synthesis kit (Thermo Fisher Scientific,
Inc.). RT-gPCR was performed using an ABI Mx3000P qPCR
system (Stratagene; Agilent Technologies, Inc., Santa Clara,
CA, USA) with the Platinum SYBR-Green qPCR Super Mix
UDG (Invitrogen; Thermo Fisher Scientific, Inc.) and according
to the manufacturer's instructions. The primer sequences for
quantitative RT-PCR were as follows: miR-155-5p forward,
5'-GGTCCTTAATGCTAATCGTGATAGGGG-3' and
reverse, 5'-CCAGTGCAGGGTCCGAGGT-3"; U6 forward,
5"TGCGGGTGCTCGCTTCGGCAGC-3' and reverse,
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Figure 1. MicroRNA-155 expression in patients with temporal lobe epilepsy.
“P<0.01 compared with control. Control, control group; epilepsy, patients
with temporal lobe epilepsy group.

5'-CCAGTGCAGGGTCCGAGGT-3". miRNA-155 expression
level was calculated by the comparative Cq method (18).

Hippocampal HT2?2 cell culture and transfection. Mouse hippo-
campal HT22 cells were purchased from the Shanghai Cell
Bank of the Chinese Academy of Sciences (Shanghai, China)
and grown in Dulbecco's modified Eagle's medium (Promega
Corporation, Madison, WI, USA) containing 10% (v/v) fetal
bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and incu-
bated in a humidified atmosphere (95% O,,5% CO,) at 37°C.The
cells were treated with 5 mM glutamate for 24 h. miRNA-155
(5-UUAAUGCUAAUCGUGAUAGGGGU-3") and negative
control plasmid (5'-UUCUCCGAACGUGUCACGUTT-3")
were structured and purchased by Sangon Biotech (Shanghai)
Co., Ltd. (Shanghai, China). The HT22 cells were then seeded
in a 6-well plate and transfected with 100 ng of miRNA-155
or 100 ng negative control plasmid using Lipofectamine® 2000.
Following transfection for 48 h, the cells were used for experi-
mentation. Following transfection for 24 h, 50 nM LY294002
was added to the HT22 cells for 24 h, which were used for other
experiments.

Determination of brain-derived neurotrophic factor (BDNF)
and caspase-3 activity by enzyme-linked immunosorbent
assay. HT22 cells were lysed in a cold RIPA lysis buffer
(Beyotime, Shanghai, China) for 30 min at 4°C and then the
supernatant was collected following centrifugation at 2,000 x g
for 20 min at 4°C. Total protein concentration was determined
using the commercial bicinchoninic acid (BCA) assay kit
(Beyotime Institute of Biotechnology, Haimen, China). Total
proteins (10 ug) were incubated with BDNF (H069; Nanjing
Jiancheng Biology Engineering Institute, Nanjing, China) and
caspase-3 (GO015; Nanjing Jiancheng Biology Engineering
Institute) activity kits. Optical density was obtained by a
microplate reader at a wavelength of 450 or 405 nm.

Western blotting. To evaluate the function of miRNA-155 in
epilepsy, western blotting was used to measure the protein
expression of BDNF and TrkB protein expression. HT22 cells
were lysed in a cold RIPA lysis buffer (Beyotime Institute of
Biotechnology) for 30 min at 4°C and then the supernatant was
collected following centrifugation at 2,000 x g for 20 min at 4°C.
Total protein concentration was determined by the commercial
BCA assay kit (Beyotime Institute of Biotechnology). Total
proteins (50 pug) were separated using 6-10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and then transferred
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Figure 2. Overexpression of miRNA-155 decreases BDNF and TrkB protein expression and increases pS3 and Bax protein expression. Overexpression of
miRNA-155 decreased (A) BDNF and TrkB (B) protein expression, and increased (C) p53 and (D) Bax protein expression, as determined by statistical
analysis of (E) western blot assays. “P<0.01 compared with control. Control, control group; negative, negative control group; miRNA-155, overexpression of
miRNA-155 group; BDNF, brain-derived neurotrophic factor; TrkB, tropomyosin receptor kinase B; p53, tumor protein p53; Bax, apoptosis regulator BAX;

GAPDH, glyceraldehyde 3-phosphate dehydrogenase; miRNA, microRNA.

electrophoretically onto nitrocellulose membranes. Membranes
were blocked using 5% skimmed milk for 1 h at room tempera-
ture and then incubated with anti-BDNF (1:1,000; sc-20981;
Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-TrkB
(1:2,000; cat.no.4607; Cell Signaling Technology, Inc., Danvers,
MA, USA) anti-tumor protein p53 (p53; 1:1,000; sc-47698;
Santa Cruz Biotechnology), anti-Bax (1:1,000; sc-6236; Santa
Cruz Biotechnology), anti-PI3K (1:1,000; sc-1331; Santa Cruz
Biotechnology), anti-p-Akt (1:1,000; sc-7985-R; Santa Cruz
Biotechnology), anti-p-mTOR (1:1,000; sc-293133; Santa Cruz
Biotechnology) and anti-glyceraldehyde 3-phosphate dehydro-
genase (GaPDH; 1:5,000; sc-32233; Santa Cruz Biotechnology)
overnight at 4°C. The membranes were washed with TBST and
then incubated with the secondary antibodies (1:5,000; sc-2004
or sc-2005; Santa Cruz Biotechnology) for 2 h at room tempera-
ture. Protein visualization was performed using an enhanced
chemiluminescence kit and quantified using Quantity One
software (both Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Statistical analysis. Data are expressed as the mean + standard
error. Statistical significance was evaluated using Student’s t-test
for two groups or one-way analysis of variance with Tukey's
post hoc test for multiple comparisons, and was performed using
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Figure 3. Overexpression of miRNA-155 increases caspase-3 activity. “P<0.01
compared with control. Control, control group; negative, negative control group;
miRNA-155, overexpression of microRNA-155 group. miRNA, microRNA.

SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results
miRNA-155 expression in patients with temporal lobe epilepsy.

miRNA-155 expression was selected for assessment in patients
with temporal lobe epilepsy and volunteers in the present
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Figure 4. Overexpression of miRNA-155 inhibits the PI3K/Akt/mTOR signaling pathway. Overexpression of miRNA-155 inhibited (A) PI3K, (B) p-Akt and
(C) p-mTOR protein expression, as determined by statistical analysis and (D) western blot assays. “P<0.01 compared with control. Control, control group;
negative, negative control group; miRNA-155, overexpression of miRNA-155 group; PI3K, phosphoinositide 3-kinase; Akt, protein kinase B; mTOR, mecha-
nistic target of rapamycin; p-, phosphorylated; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; miRNA, microRNA.
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Figure 5. Inhibition of PI3K accelerates the effect of miRNA-155 on the suppression of the PI3K/Akt/mTOR signaling pathway. Inhibition of PI3K accelerated
the effect of miRNA-155 on the inhibition of (A) PI3K, (B) p-Akt and (C) p-mTOR protein expression, as determined by statistical analysis and (D) western blot
assays. “P<0.01 compared with control group; “/P<0.01 compared with miRNA-155 group. Control, control group; miRNA-155, overexpression of miRNA-155
group; inhibitor + 115, PI3K inhibitor + overexpression of miRNA-155 group; PI3K, phosphoinositide 3-kinase; Akt, protein kinase B; mTOR, mechanistic

target of rapamycin; p-, phosphorylated; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; miRNA, microRNA.

study. The miRNA-155 expression in patients with temporal
lobe epilepsy was significantly higher than that of the control
volunteer group (Fig. 1).

Overexpression of miRNA-155 decreases BDNF and tropomy-
osin receptor kinase B (TrkB) protein expression. To evaluate

the overexpression of miRNA-155 in epilepsy, BDNF and
TrkB protein expression in HT22 cells under glutamate stimu-
lation was measured (Fig. 2). As displayed in Fig. 2A, B and E,
overexpression of miRNA-155 decreased BDNF and TrkB
protein expression in HT22 cells under glutamate stimulation
compared with that in the control or negative groups.
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Figure 6. Inhibition of PI3K accelerates the effect of miRNA-155 inhibition of BDNF and TrkB protein expression, and induction of p53 and Bax protein expression.
Inhibition of PI3K accelerated the effect of miRNA-155 inhibition of (A) BDNF, (B) TrkB, (C) p53 and (D) Bax protein expression, as determined by statistical analysis
and (E) western blot assays. “P<0.01 compared with control; “P<0.01 compared with miRNA-155. Control, control group; miRNA-155, overexpression of miRNA-155
group; inhibitor + 115, PI3K inhibitor + overexpression of miRNA-155 group; PI3K, phosphoinositide 3-kinase; BDNF, brain-derived neurotrophic factor; TrkB,
tropomyosin receptor kinase B; miRNA, microRNA; p53, tumor protein p53; Bax, apoptosis regulator BAX; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Overexpression of miRNA-155 increases caspase-3 activity.
To investigate whether the overexpression of miRNA-155
induced apoptosis of epilepsy, caspase-3 activity in HT22
cells under glutamate stimulation was measured in the present
study. As shown in Fig. 3, overexpression of miRNA-155
increased caspase-3 activity in the HT22 cells under glutamate
stimulation compared with that in the negative control group.

Overexpression of miRNA-155 increases p53 protein expres-
sion. The present study further investigated whether the
overexpression of miRNA-155 induced apoptosis of epilepsy
by measuring p53 protein expression. Fig. 2C and E shows
that the overexpression of miRNA-155 could increase the p53
protein expression in HT22 cells under glutamate stimulation
compared with that in the negative control group.

Overexpression of miRNA-155 induces Bax protein expression.
Next, the present study investigated whether the overexpression
of miRNA-155 induced Bax protein expression in epilepsy.

As shown in Fig. 2D and E, overexpression of miRNA-155
induced Bax protein expression in HT22 cells under glutamate
stimulation compared with that in the negative control group.

Overexpression of miRNA-155 inhibits the PI3K/Akt signaling
pathway. miRNA-155 in the PI3K/Akt signaling pathway
was also investigated in this study (Fig. 4). Fig. 4A, B and D
shows that the overexpression of miRNA-155 suppressed the
PI3K/Akt signaling pathway, and inhibited PI3K and p-Akt
protein expression in HT22 cells under glutamate stimulation
compared with that in the negative control group.

Overexpression of miRNA-155 inhibits mTOR protein expres-
sion. Downstream of PI3K/Akt signaling is mTOR, which was
investigated to enrich our analysis of miRNA-155 in epilepsy.
The overexpression of miRNA-155 also inhibited the mTOR
signaling pathway, and suppressed p-mTOR protein expres-
sion in HT22 cells under glutamate stimulation compared with
that in the negative control group (Fig. 4C and D).
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Figure 7. Inhibition of PI3K accelerates the effect of miRNA-155 on the induc-
tion of caspase-3 activity. Control, control group; miRNA-155, overexpression
of miRNA-155 group; inhibitor + 115, PI3K inhibitor + overexpression of
miRNA-155 group; PI3K, phosphoinositide 3-kinase; miRNA, microRNA.

Inhibition of PI3K accelerates the effect of miRNA-155 on
the suppression of the PI3K/Akt/mTOR signaling pathway.
According to the aforementioned results, the PI3K/Akt
signaling pathway may participate in the effect of miRNA-155
on epilepsy. PI3K inhibitor suppressed the PI3K/Akt signaling
pathway and inhibited PI3K, p-Akt and p-mTOR protein
expression in HT22 cells under glutamate stimulation
following miRNA-155 overexpression (Fig. 5).

Inhibition of PI3K accelerates the effect of miRNA-155 on
the suppresion BDNF and TrkB protein expression. The
change in BDNF and TrkB protein expression was investi-
gated whilst assessing the effect of miRNA-155 on epilepsy
(Fig. 6). Inhibition of PI3K decreased the BDNF and TrkB
protein expression in HT22 cells under glutamate stimulation
following miRNA-155 overexpression (Fig. 6A, B and E).

Inhibition of PI3K accelerates the effect of miRNA-155 on the
induction of caspase-3 activity. The PI3K/Akt signaling pathway
is concerned with the apoptosis mechanism of miRNA-155
in epilepsy. As shown in Fig. 7, inhibition of PI3K increased
caspase-3 activity in HT22 cells under glutamate stimulation
following miRNA-155 overexpression.

Inhibition of PI3K accelerates the effect of miRNA-155 on the
induction of p53 and Bax protein expression. The PI3K/Akt
signaling pathway serves a critical role in miRNA-155 in
epilepsy. As shown in Fig. 6C-E, inhibition of PI3K promoted
p53 and Bax protein expression in HT22 cells under glutamate
stimulation following miRNA-155 overexpression.

Discussion

Epilepsy is a brain disease with features that generate a
susceptibility to continuous epileptic attack and that also
present with corresponding neurobiological, cognitive,
psychological and societal consequences (19). Epilepsy is a
common disease of the nervous system that seriously threatens
human health, not only doing harm to the patients, but also
conferring a heavy burden on the family and on society. A
domestic epidemiological survey showed that the prevalence
rate of epilepsy is 0.7% (2). Thus, it is predicted that there are
~9 million patients globally, with 1/3 patients experiencing
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refractory epilepsy. The definition of refractory epilepsy has
not been reached by consensus thus far (3). The majority of
scholars suggest that sequential or combined applications of
3 or more anti-epilepsy drugs can provide a sufficient or toler-
ated dosage, and have observed a sufficiently long course of
treatment (20). In refractory epilepsy, the attack times do not
reduce or even increase slightly as a result (21). The findings
of the present study indicated that the miRNA-155 expres-
sion in patients with temporal lobe epilepsy was significantly
higher than that of the control volunteer group.

As it is hard to extract materials from the human brain
of epilepsy patients, it is also difficult to directly detect the
miRNA expression in human brain tissues in vitro (10).
Cerebrospinal fluid is mainly generated in the choroid
plexus tissues, and is created and absorbed into the veins
constantly (22). The fluid serves a lymphatic role in the central
nervous system; it provides a certain degree of nutrition to the
brain cells, carries away metabolites of brain tissues, regulates
the acid-base balance of the central nervous system, reduces
the pressure in the brain and spinal cord, and protects and
supports the brain and spinal cord (23). Meanwhile, cerebro-
spinal fluid envelops the brain parenchyma, can contact the
external cell gap directly, and can reflect the pathological
and physiological changes of brain tissues dynamically (22).
Soluble molecular biomarkers in cerebrospinal fluid are of
value in studying brain diseases (24). miRNAs in the cere-
brospinal fluid can be regarded as potential biomarkers in the
central nervous system, particularly for Alzheimer's disease,
Huntington's chorea, disseminated sclerosis, schizophrenia
and bipolar affective disorder (25). Furthermore, the present
data also evidently showed that overexpression of miRNA-155
decreased BDNF level and TrkB protein expression in HT22
cells under glutamate stimulation.

In the process of an epileptic attack, repeated seizures may
cause ischemia and anoxia of brain tissues, release excitatory
amino acids and cause an inward sodium current, so as to
launch a caspase chain reaction (26). Epilepsy can generate free
radicals, nerve-nitric oxide synthase, mediate apoptosis core
and execute protein kinase caspase-3, make important protein
degraded and inactivated, such as cytoplasm, cell nucleus
and cytoskeleton and result in the apoptosis and deficiency
of numerous nerve cells (27). Nerve cell damage is one of the
reasons for chronic spontaneous epilepsy (28). Finally it may
form refractory TLE. The morbidity of TLE accounts for 25%
of epilepsy cases. In refractory epilepsy, even once patients have
been treated using multiple anti-epilepsy drugs, the attacks still
cannot be controlled (28). Therefore, controlling the deficiency
of nerve cells after an epileptic attack has important signifi-
cance for refractory epilepsy. Epilepsy nerve cell apoptosis
is regulated by a series of genes, including miRNAs, Bcl-2,
Bax and p53 (29). The abnormal expression of these genes
serves an important role in the apoptosis of nerve cells. The
apoptosis of the nerve cells occurs by launching the internal
death mechanism of the cells. Studies on relevant genes associ-
ated with epilepsy nerve apoptosis are increasing in number.
In the present study, overexpression of miRNA-155 increased
caspase-3 activity, and p5S3 and Bax expression, and reduced
PI3K, p-Akt and p-mTOR protein expression in epilepsy cells.

The PI3K/Akt signal transduction pathway is widely applied
in cells. PI3K is the dimer protein with a P110 catalytic subunit
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and a p85 regulating subunit. PI3K has protein kinases and lipoid
kinase activity (15). Akt is the direct downstream substrate of
PI3K with a relative molecular mass is 60 kDa. Akt serves an
important role in the signal transduction pathway. PI3K and JAK?2
activation induced erythropoeitin (EPO), which caused p-Akt
protein expression (30). p-JAK2 makes PI3K regulated subunits
to combine. When the regulated subunit is combined with
EPO-R, the catalytic subunit is activated and phosphorylates Akt.
p-Akt induced Bcl-2 protein expression and suppressed caspase-9
protein expression. In summary, activated Akt can phosphorylate
apoptosis proteins or change the expression level of apoptosis
genes indirectly, so as to regulate the apoptotic process (31). The
specific mechanism refers to restraining the activation of caspase
family members and restraining the apoptosis caused by caspase;
releasing apoptosis by reducing release of CytC; regulating
activity of Bcl-2 family members, making Bad and Bax residues
phosphorylated and making them inactivated and restraining
apoptosis (27). The present study showed that PI3K inhibitor
accelerated the effect of miRNA-155 on the inhibition of BDNF
and TrkB protein expression, and on the promotion of caspase-3
activity and p53 and Bax protein expression in epilepsy cells.

According to existing research results, the mTOR signaling
pathway participates in multiple of pathological changes at the
modular and cellular level, including apoptosis, gliosis, and
changes to synaptic plasticity, neurotransmitter receptor, ion
channel and axon budding, associated with epilepsy (32). In
genetic diseases, including TSC, PMSE, sporadic diseases
PCD and GG, and acquired epilepsy, the mTOR signal pathway
is activated abnormally (32). Sirolimus affects the mTOR
signaling pathways; it can reduce an epilepsy attack to a certain
extent or reverse pathological changes (33). Taken together,
the results of the present study indicated that the inhibition of
PI3K enhanced the effect of miRNA-155 on p-mTOR protein
expression in epilepsy cells.

In conclusion, the present study demonstrated that
miRNA-155 contributes to the occurrence of epilepsy, and also
provided evidence that miRNA-155 exhibits a neuroprotective
effect on epilepsy-induced neuronal apoptosis through the
PI3K/Akt/mTOR signaling pathway. These findings suggest that
miRNA-155 induced neuronal apoptosis in epilepsy, which may
open up new avenues in the treatment of refractory epilepsy.
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