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Abstract. The present study aimed to examine the func-
tional and molecular effects of miR‑128 in epilepsy, in order 
to investigate its potential protective mechanisms. Firstly, 
miR‑128 expression in rats with lithium chloride‑induced 
epilepsy was demonstrated to be increased compared with the 
control rats. Subsequently, results from an in vitro epilepsy 
model demonstrated that overexpression of miR‑128 promoted 
nerve cell apoptosis, increased the protein expression of tumor 
protein p53, BCL2 associated X (Bax) and Cytochrome c, 
and enhanced caspase‑3/9 activity, whereas it suppressed 
the protein expression of sirtuin 1 (SIRT1). In addition, 
these alterations may be reversed by the downregulation of 
miR‑128. Furthermore, treatment with CAY10602, a SIRT1 
agonist, reduced the effects of miR‑128 on nerve cells in vitro. 
Treatment with pifithrin‑β hydrobromide, a p53 inhibitor, was 
additionally able to mitigate the effects of miR‑128 in vitro. In 
conclusion, the present findings indicated that anti‑miR‑128 
may exert neuroprotective effects in epilepsy, through the 
SIRT1/p53/Bax/Cytochrome c/caspase signaling pathway.

Introduction

Epilepsy is a common disease. According to the World Health 
Organization, the average prevalence rate of epilepsy globally is 
4‑10%, with a rate as high as 6‑10% in developing countries (1,2). 
At present, the world has witnessed ~50 million patients with 
epilepsy, 90% of these in developing countries (3). In China, 
there are ~9 million patients with epilepsy; additionally, there 
are ~400,000‑700,000 novel cases. Typically, ~30% of patients 
with epilepsy have developed into refractory epilepsy as a result 
of lack of effective prevention and treatment measures  (4). 
Various antiepileptic drug therapies are available at present; 

however, satisfactory curative effect can hardly be achieved. 
Apart from genetic and environmental factors, the dysregulation 
of gene expression may result in expression alterations in genes 
associated with the pathogenesis of tolerant epilepsy (5). Such 
alterations stimulate mossy fiber sprouting, synaptic reorganiza-
tion, neuron necrosis and regeneration, which may contribute to 
the abnormal excitatory loop and ultimately result in repeated 
attack of refractory epilepsy (6).

A recent study have demonstrated that microRNA (miRNA) 
may affect the protein translation at the post‑transcriptional 
level  (7). miRNA is a class of noncoding and endogenous 
single‑stranded small molecule RNA ~22nt in length (8). Primary 
miRNA (pri‑miRNA) is first produced under the function of 
RNA polymerase from genome DNA (9), which is subsequently 
digested into the precursor miRNA with hairpin‑like structure 
by RNA enzyme III family in the cell nucleus. The precursor 
is later transferred to the cytoplasm by exportin‑5 and cut into 
double‑strand miRNA by Dicer combined enzyme agent. The 
double‑strand miRNA is unlocked by a helicase, which subse-
quently forms the mature single‑stranded miRNA. The mature 
miRNA may subsequently selectively bind with RNA‑induced 
silencing complex (RISC) to form the RISC complex. This 
complex then exhibits base complementarity pairing associa-
tion with the 3' terminal untranslated region (UTR) of the target 
mRNA. Therefore, it may directly hydrolyze or restrain the 
target gene mRNA to regulate its expression (10). Computer 
prediction analyses and experimental studies to date have 
proved that a single miRNA is able to regulate multiple target 
mRNAs (9). Additionally, one‑half of mRNAs in mammalian 
cells are regulated by one or more miRNAs. For these reasons, 
miRNA‑associated transcription regulation has attracted wide 
scientific attention in the field of life sciences (8).

Acetylation and deacetylation are important processes in 
gene expression regulation and post‑transcriptional protein 
modification  (11). Silent mating‑type information regula-
tion 2 (Sir2) is the first discovered NAD‑dependent histone 
deacetylase. It may prolong the replicative life span of saccha-
romycetes (12). Silent information regulator 1 (sirtuin 1 or 
SIRT1) is the mammalian histone deacetylase homologous 
to Sir2 (12). It is highly conserved in developmental stages 
and extensively expressed in all organs. SIRT1 can catalyze 
histones and a variety of non‑histone proteins. Thereby, it 
may regulate gene expression and protein activity. It is a key 
enzyme during all physiological processes and is involved in 
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a variety of biological effects. These biological effects include 
chromatin remodeling, transcription suppression, inflamma-
tory response, energy metabolism, cell survival and apoptosis. 
A previous study has demonstrated that miR‑183, miR‑135a, 
miR‑125b, miR‑30c and miR‑128 were upregulated at the 
seizure‑associated phases and in patients with temporal lobe 
epilepsy (13). The present study aimed to evaluate the asso-
ciation between anti‑miR‑128 expression and antiepileptic 
treatment.

Materials and methods

Seizure induction. Adult male Sprague‑Dawley rats (6‑7 weeks; 
180‑230g) were obtained from the Laboratory Animal Center 
of Taishan Medical University (Tai'an, China) and kept in a 
controlled standard environment (22±2˚C; 50‑60% humidity) 
with food and water available ad libitum and a 12‑h light/dark 
cycle. The rats were randomly divided into two groups: 
Control group (n=6), and epilepsy model group (n=8). All 
rats were anesthetized using 35 mg/kg pentobarbital sodium. 
Epilepsy model rats were injected subcutaneously with kainic 
acid (5 mg/kg), and 10 min later they received a second injec-
tion of kainic acid (2.5 mg/kg) (14). The control group rats 
were subcutaneously injected with normal saline. After the 
induction of epilepsy at 3 days, rats were sacrificed using 
decollation under 35 mg/kg pentobarbital sodium. The present 
study was approved by the Institutional Animal Care and 
Ethics Committee of Liaocheng People's Hospital (Liaocheng, 
China).

Cell culture and transfections. Rat pheochromacytoma (PC12) 
cells were obtained from The Type Culture Collection of the 
Chinese Academy of Sciences (Shanghai, China) and cultured 
in Dulbecco's modified Eagle's medium (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) containing 10% 
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.), in 
5% CO2 and 95% air. Anti‑miR‑128 mimics (5'‑AGA​GAC​CGG​
UUC​ACG​GUG​AUU‑3'), miR‑128 mimics (5'‑UCA​CAG​UGA​
ACC​GGU​CUC​UUU‑3') and negative control mimics (5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3') were acquired from Sangon 
Biotech Co., Ltd. (Shanghai, China). PC12 cells (1x106 cells) 
were transfected with 100  ng miR‑128 mimics, 100  ng 
anti‑miR‑128 mimics or 100 ng negative control mimics using 
Lipofectamine® 2000 reagent (Thermo Fisher Scientific, Inc.). 
After 4 h of transfection, the medium was changed and the 
cells were used for subsequent experimentation.

Cell proliferation assay and lactate dehydrogenase (LDH) 
activity levels. MTT reagent was added into cells and culti-
vated for 4 h at 37˚C. Dimethyl sulfoxide was subsequently 
added and cultivated for another 20 min at 37˚C. Absorbance 
was measured at 492 nm. LDH activity levels were measured 
using an LDH activity kit (cat. no. C0016; Beyotime Institute of 
Biotechnology, Haimen, China) and absorbance was measured 
at 450 nm.

Apoptosis rate. Cell was washed with PBS and centrifuged at 
2,000 x g for 10 min at 4˚C. Cells were fixed with 4% parafor-
maldehyde for 15 min and stained with Annexin V‑fluorescein 
isothiocyanate (FITC)/propidium iodide (cat.  no.  556570; 

BD Biosciences, San Jose, CA, USA) for 10 min in the dark at 
room temperature. The cell apoptosis rate was measured using 
a flow cytometer (BD Biosciences) and analyzed using FlowJo 
7.6.1 (FlowJo, LLC, Ashland, OR, USA).

Caspase‑3 activity assay. Hippocampi and cells were 
obtained and washed with PBS, lysed with radioimmunopre-
cipitation buffer (Beyotime Institute of Biotechnology) and 
protein concentrations were determined using a bicinchoninic 
acid protein (BCA) protein assay kit (Beyotime Institute of 
Biotechnology). A total of 5 µg protein from each sample was 
incubated with Caspase 3 and 9 activity kit (cat. nos. C1116 and 
C1158; Beyotime Institute of Biotechnology) reagents for 2 h 
at 37˚C, according to the manufacturer's protocol. Absorbance 
was measured at 405 nm.

Reverse transcription‑quantitative polymerase chain reaction 
analysis. Total RNA was isolated from brain tissues using 
RNAiso Plus (Takara Biotechnology Co., Ltd., Dalian, China), 
according to the manufacturer's protocol. Total RNA (1 µg) 
was synthesized into cDNA using PrimeScript RT Reagent kit 
with gDNA eraser (Takara Biotechnology Co., Ltd.) at 42˚C 
for 30 min and 82˚C for 10 sec. A CFX96 Real‑Time System 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) was used to 
run the qPCR reactions with SYBR Premix Ex Taq II (Takara 
Biotechnology Co., Ltd.). The primers were: miR‑128, forward 
5'‑GGC​TCA​CAG​TGA​ACC​GG‑3' and reverse 5'‑GTG​CAG​
GGT​CCG​AGG​T‑3'; and U6, forward 5'‑CTC​GCT​TCG​GCA​
GCA​CA‑3' and reverse 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'. 
The thermocycling conditions were as follows: 94˚C for 45 sec, 
followed by 40 cycles of 95˚C for 30 sec and 60˚C for 30 sec, 
and a final step at 72˚C for 30 sec. miR‑128 expression was 
quantified using the 2‑ΔΔCq method (15).

Dual luciferase assay. 293  cells were purchased from 
Shanghai Cell Bank of Chinese Academy of Sciences 
and cultured in Dulbecco's modified Eagle's medium 
(Gibco; Thermo Fisher Scientific, Inc.) containing 10% 
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.), 
in 5% C O2 and 95% air. The pGL3‑PLK2 (Invitrogen; 
Thermo Fisher Scientific, Inc.)‑wild‑type 3'‑UTR and the 
mutant 3'‑UTR of SIRT1 were obtained from Shanghai 
GeneChem Co., Ltd. (Shanghai, China). The wild‑type 
SIRT1‑3'‑UTR‑pGL3‑PLK2 (Shanghai GeneChem Co., Ltd.), 
the mutant SIRT1‑3'‑UTR‑pGL3‑PLK2 (Shanghai GeneChem 
Co., Ltd.) and miR‑128 mimics were co‑transfected into 
293 cells (1x106 cells/ml) using Lipofectamine® 2000 reagent 
(Thermo Fisher Scientific, Inc.). After transfection for 24 h, 
luciferase intensity was measured using a dual‑luciferase 
assay kit (Promega Corporation, Madison, WI, USA) by a 
GloMax 20/20 luminometer (Promega Corporation). The 
absolute values of firefly luminescence were normalized to 
those of Renilla luciferase activity.

Hematoxylin and eosin (H&E) staining. The brain tissues 
were harvested, fixed in 4% paraformaldehyde for 1‑2 days 
at room temperature, processed and embedded into paraffin 
blocks. The brain tissue sections (10 µm) were dipped into 
gradient ethanol (75‑100%) and stained with H&E for 10 min 
at room temperature. The stained sections were observed with 
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an upright light microscope (magnification, x50; E600FN; 
Nikon Corporation, Tokyo, Japan).

Western blot analysis. Total proteins were extracted from 
brain tissues using a whole protein extraction kit (Nanjing 
KeyGen Biotech Co., Ltd., Nanjing, China). Total protein 
was quantified using a BCA assay kit (Beyotime Institute 
of Biotechnology). Total protein (50 µg) was separated on 
10‑12% SDS‑PAGE and electrophoretically transferred to 
polyvinylidene fluoride membranes. Membranes were blocked 
in 5% bovine serum albumin (BSA; Beyotime Institute of 
Biotechnology) in TBS containing 0.1% Tween‑20 (TBST) at 
room temperature for 2 h. The membranes were subsequently 
incubated in TBST at 4˚C overnight with the following primary 
antibodies (all from Santa Cruz Biotechnology, Inc., Dallas, 
TX, USA): SIRT1 (cat. no. sc‑135791; 1:1,000), tumor protein 
p53 (cat. no. sc‑47698; 1:1,000), BCL2 associated X (Bax; 
cat. no. sc‑6236; 1:1,000), Cytochrome c (cat. no. sc‑13561; 
1:1,000) and GAPDH (cat. no. sc‑32233; 1:2,000). Following 
three washes with TBST, the membranes were incubated 

with horseradish peroxidase‑conjugated secondary antibody 
(cat. no. sc‑2004; 1:5,000; Santa Cruz Biotechnology, Inc.) 
at room temperature for 2 h. Finally, protein signals were 
visualized using an Enhanced Chemiluminescence kit 
(Pierce; Thermo Fisher Scientific, Inc.) and analyzed using 
Image_Lab_3.0 (Bio‑Rad Laboratories, Inc.).

Immunofluorescence analysis. Cells were washed with PBS 
and fixed with 4% paraformaldehyde for 15 min at room 
temperature. They were subsequently blocked with 5% BSA 
and 0.1% Tris‑X100 for 1 h at room temperature. Cells were 
incubated at 4˚C overnight with a primary antibody targeting 
SIRT1 (cat. no. sc‑135791; 1:100; Santa Cruz Biotechnology, 
Inc.), followed by a secondary goat anti‑rabbit immunoglob-
ulin G‑CFL 555 antibody (cat. no. sc‑362272; 1:100; Santa 
Cruz Biotechnology, Inc.) for 1 h at room temperature. The 
nuclei were counterstained with DAPI for 30 min in the dark 
at room temperature. Finally, the samples were washed with 
PBS and observed by fluorescence microscopy (magnifica-
tion, x200).

Figure 1. MicroRNA‑128 expression in rats with epilepsy. (A) Hematoxylin and eosin staining of hippocampus samples from control and epilepsy rats (magni-
fication, x100). Black arrows indicate nerve corpuscles. (B) Neuronal death and (C) racine scale. (D) MicroRNA expression levels in the brains of control and 
epilepsy model rats, as determined by (E) reverse transcription‑quantitative polymerase chain reaction (control, n=6; epilepsy group, n=8). ##P<0.01 compared 
with control group.
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Statistical analysis. All data are expressed as mean ± stan-
dard deviation (n=3) using SPSS 20.0 (IBM, Corp., Armonk, 
NY, USA). The statistical significance of the differences was 
evaluated by unpaired t‑test (two‑tailed) or one‑way analysis 
of variance with Tukey's multiple comparison tests. P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression of miR‑128 in rats with epilepsy. Firstly, the differ-
ence in miR‑128 expression between the brain tissues of the 
epilepsy model rats and normal control rats was examined. 
The results indicated that the number of nerve corpuscles in 
epilepsy rat model was decreased compared with the control 

group (normal rats; Fig. 1A), similar to results from a previous 
study (16). Neuronal death and racine scale were increased 
in the epilepsy rat model, compared with the control group 
(normal rats; Fig. 1B and C), which demonstrated that epilepsy 
was successfully established in the rats. qPCR was performed 
in the present study to detect the miR‑128 expression levels. 
In addition, miR‑128 expression levels in the brains of the 
epilepsy rats were significantly higher compared with the 
normal control rats (Fig. 1D).

Effect of miR‑128 on apoptosis in epilepsy. The effect of 
miR‑128 overexpression was further examined in  vitro. 
Transfection of miR‑128 mimics was used to upregulate the 
expression of miR‑128 in PC12 cells (Fig. 2A). The results from 

Figure 2. Effect of miR‑128 overexpression on apoptosis. PC12 cells were transfected with either control or miR‑128 mimics. (A) miR‑128 levels were 
determined by reverse transcription‑quantitative polymerase chain reaction. Cell proliferation assay at (B) 24 and (C) 48 h post‑transfection. (D) LDH activity 
levels. (E) Quantification and (F) representative plots of flow cytometry analysis of apoptosis rates. (G) Caspase‑3 and (H) caspase‑9 activity levels. ##P<0.01 
compared with control group. LDH, lactate dehydrogenase; FITC, fluorescein isothiocyanate; PI, propidium iodide; miR, microRNA. 
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an MTT assay demonstrated that overexpression of miR‑128 
significantly inhibited cell proliferation at 48 h. Additionally, 
miR‑128 overexpression increased LDH activity (Fig. 2D), 
promoted nerve cell apoptosis (Fig. 2E and F), and enhanced 
caspase‑3/9 activity (Fig. 2G and H) compared with the control 
group. Thus, the present results suggested that the function of 
miR‑128 might be associated with nerve cell apoptosis.

Effect of anti‑miR‑128 on apoptosis in epilepsy. The effects of 
anti‑miR‑128 on regulating nerve cell apoptosis were addition-
ally examined. As illustrated in Fig. 3A, transfection of PC12 
cells with anti‑miR‑128 mimics significantly downregulated 

miR‑128 expression compared with the control group. miR‑128 
expression inhibition promoted cell proliferation at 48  h 
(Fig. 3B and C), while it decreased LDH activity (Fig. 3D), 
nerve cell apoptosis (Fig. 3E and F) and caspase‑3/9 activity 
(Fig. 3G and H) compared with the control group.

Effect of miR‑128 on regulating the SIRT1 signaling pathway. 
Subsequently, the mechanism of miR‑128 in regulating nerve 
cell apoptosis in epilepsy was evaluated. As illustrated in 
Fig. 4A and B, the miR‑128 binding site was deleted from the 
wild‑type UTR SIRT1 3'UTR and the luciferase activity of 
miR‑128 was reduced in miR‑128+wild‑type UTR, compared 

Figure 3. Effect of miR‑128 downregulation on apoptosis. PC12 cells were transfected with either control or anti‑miR‑128 mimics. (A) miR‑128 expression 
levels were determined by reverse transcription‑quantitative polymerase chain reaction. Cell proliferation assay at (B) 24 and (C) 48 h post‑transfection. 
(D) LDH activity levels. (E) Quantification and (F) representative plots of flow cytometry analysis of apoptosis rates. (G) Caspase‑3 and (H) caspase‑9 activity 
levels. ##P<0.01 compared with control group. LDH, lactate dehydrogenase; FITC, fluorescein isothiocyanate; PI, propidium iodide; miR, microRNA. 
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with the control mimics+wild‑type UTR group; however, 
the luciferase activity remained unaltered in the control 
mimics+mutUTR or miR‑128+mutUTR, which suggested that 
the miR‑127 was binding to the wild‑type UTR of SIRT1. In 
addition, immunofluorescence analysis revealed that miR‑128 
mimics transfection suppressed SIRT1 protein expression 
in  vitro compared with the cells transfected with control 
mimics (Fig. 4C). The results of Fig. 5A‑E demonstrated that 
upregulation of miR‑128 decreased SIRT1 protein expression, 
while it upregulated the protein expression of p53, Bax and 
Cytochrome c in vitro compared with the control group. By 
contrast, downregulation of miR‑128 by anti‑miR‑128 mimics 
transfection induced SIRT1 protein expression, and suppressed 
the protein expression of p53, Bax and Cytochrome c compared 
with the control group (Fig. 5F‑J). In conclusion, the present 
results suggested that the SIRT1 signaling pathway might be 
an important mediator of the anti‑epileptic effect of miR‑128 
on apoptosis of PC12 cells in vitro.

SIRT1 promotion reverses the effects of miR‑128. It was 
hypothesized in the present study that the SIRT1 signaling 
pathway was involved in the effect of miR‑128. Consequently, 

the SIRT1 signaling pathway was examined by western blot-
ting following incubation of the cells with CAY10602, a SIRT1 
agonist. Western blotting results demonstrated that the SIRT1 
agonist could induce the protein expression of SIRT1, while 
it suppressed p53, Bax and Cytochrome c expression in PC12 
cells compared with the miR‑128 alone group (Fig. 6). In addi-
tion, incubation with the SIRT1 agonist inhibited the effect 
of miR‑128 on cell proliferation (Fig. 7A), while it increased 
LDH activity (Fig. 7B), nerve cell apoptosis (Fig. 7C and D) 
and caspase‑3/9 activity (Fig. 7E and F) in vitro compared 
with the miR‑128 alone group.

Inhibition of p53 reduces the effects of miR‑128. To determine 
whether the p53 signaling pathway was functionally related to 
the homeostatic changes in the effect of miR‑128, cells were 
treated with p53 inhibitor and apoptosis was measured. The 
results indicated that the p53 inhibitor significantly inhibited 
p53, Bax and Cytochrome  c compared with the miR‑128 
alone group (Fig. 8). Compared with the miR‑128 group, p53 
inhibition additionally suppressed the effects of miR‑128 on 
inhibiting cell proliferation and promoting LDH activity, nerve 
cell apoptosis and caspase‑3/9 activity (Fig. 9).

Figure 4. Effect of miR‑128 on SIRT1 expression. (A) Schematic showing the binding site of miR‑128 on the 3' untranslated region of SIRT1. (B) Luciferase 
assay results. (C) Immunofluorescence staining of SIRT1 protein expression. ##P<0.01 compared with control group. SIRT1, sirtuin 1; mut, mutant; wt, 
wild‑type; miR, microRNA. 



INTERNATIONAL JOURNAL OF MOlecular medicine  44:  694-704,  2019700

Figure 5. Effect of miR‑128 on SIRT1/Bax/Cytochrome c/p53 signaling. (A‑D) Quantification and (E) representative blots from western blot analysis of PC12 
cells transfected with either control or miR‑128 mimics. (F‑I) Quantification and (J) representative blots from western blot analysis of PC12 cells transfected with 
either control or anti‑miR‑128 mimics. ##P<0.01 compared with control group. SIRT1, sirtuin 1; p53, tumor protein p53; Bax, BCL2 associated X; miR, microRNA.
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Figure 6. SIRT1 promotion reverses the effect of miR‑128. (A‑D) Quantification and (E) representative blots from western blot analysis of PC12 cells treated 
with control, or miR‑128 mimics alone, or miR‑128 mimics and a SIRT1 agonist. ##P<0.01 compared with control group; **P<0.01 compared with miR‑128 
group. SIRT1, sirtuin 1; p53, tumor protein p53; Bax, BCL2 associated X; miR, microRNA.

Figure 7. SIRT1 promotion reverses the function of anti‑miR‑128 on apoptosis. (A) Cell proliferation, (B) LDH activity levels, (C and D) apoptosis rate, and 
(E and F) caspase‑3 and caspase‑9 activity levels were measured in cells treated with control, or miR‑128 mimics alone, or miR‑128 mimics and a SIRT1 
agonist. ##P<0.01 compared with control group; **P<0.01 compared with miR‑128 group. SIRT1, sirtuin 1; LDH, lactate dehydrogenase; FITC, fluorescein 
isothiocyanate; PI, propidium iodide; miR, microRNA. 
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Discussion

Epilepsy is a common nervous system disease, the morbidity 
of which is ~25/1,000 in the general population (6). It severely 
affects the life, work and learning of patients, which has thus 
become a chronic central nervous system disease (5). Therefore, 
investigating the pathogenesis of epilepsy is an important topic 
in neuroscience currently (5). In the present study, miR‑128 
expression was demonstrated to be upregulated in an epilepsy 
rat model compared with normal rats, while the upregulation 
of miR‑128 induced nerve cell apoptosis in vitro. Only one cell 
line, the PC12 cell line, was used in the present study, therefore 
further studies are required in the future to verify the results in 
additional cell lines and models.

miRNA are able to regulate protein synthesis at the trans-
lation level. A previous study demonstrated that a number of 
miRNAs in the brain are closely associated with synaptic reor-
ganization (8). Dendritic spine exists in small protuberance 
with prominent dendrite. It has become the extruding compo-
nents of the primary excitatory synapse, the dynamic alteration 
of which is an important form of synaptic reorganization (10). 
Anti‑miR‑128 is a miRNA with brain specificity, which may 
function in the dendrite of nerve cells and negatively regulate 
the size of dendritic spine (17). The present study presented 
evidence that anti‑miR‑128 expression in an epilepsy rat model 
was higher compared with normal rats. A previous study has 
reported that miR‑183, miR‑135a, miR‑125b, miR‑30c and 
miR‑128 are upregulated at the seizure‑associated phases and 
in patients with temporal lobe epilepsy (13). The present results 

demonstrated that downregulation of miR‑128 promoted cell 
proliferation at 48 h, while it reduced LDH activity, nerve cell 
apoptosis and caspase‑3/9 activity in nerve cells in vitro.

SIRT1 is mainly expressed in neurons in the nervous 
system, such as cortex, hippocampus, cerebellum and hypo-
thalamus (11). It serves a vital role in neuron apoptosis and 
differentiation, cognitive function and synaptic plasticity (11). 
SIRT1 exhibits protective effects on multiple acute and chronic 
nervous system diseases (18). These diseases include cerebral 
ischemia, Wallerian degeneration, Huntington's disease, axonal 
injury, Alzheimer's disease, Parkinson's disease, multiple 
sclerosis and amyotrophic lateral sclerosis (18). Accumulating 
evidence has indicated that SIRT1 is closely associated with 
epilepsy (18). Specifically, Resveratrol, the SIRT1 agonist, 
has anti‑epileptic effect on kainite‑ and FeCl3‑induced 
epileptic animal models (19). The present findings suggested 
that miR‑128 directly binds and regulates SIRT1 expression. 
In addition, upregulation of miR‑128 induced SIRT1 protein 
expression, while it suppressed the protein expression of p53, 
Bax and Cytochrome c in vitro. Promotion of SIRT1 reduced 
the effect of miR‑128 on nerve cells in  vitro. A previous 
study indicated that miR‑128 was able to promote apoptosis 
in human cancer via the p53/Bak axis through SIRT1 (20), 
whereas miR‑128 has additionally been demonstrated to target 
SIRT1 in glioma subtypes (21).

The p53 gene is located on human chromosome 17p13.1. It 
is the most common pro‑apoptotic gene that serves a key role 
in neural apoptosis (22). p53 is highly expressed in the case of 
neural apoptosis (22). By contrast, the application of a p53 gene 

Figure 8. Inhibition of p53 reverses the effect of miR‑128. (A‑D) Quantification and (E) representative blots from western blot analysis of PC12 cells treated 
with control, or miR‑128 mimics alone, or miR‑128 mimics and a p53 inhibitor. ##P<0.01 compared with control group; **P<0.01 compared with miR‑128 group. 
SIRT1, sirtuin 1; p53, tumor protein p53; Bax, BCL2 associated X; miR, microRNA.
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blocker can suppress apoptosis. p53 protein immunoreactivity 
was remarkably enhanced in hippocampus samples that were 
surgically removed from patients with refractory temporal lobe 
epilepsy (23). In addition, the Bax gene is one of the important 
regulatory genes during cell apoptosis (24). Bax is located on 
the mitochondrial outer membrane (25). It can exert its apoptotic 
effect through inhibiting tBid insertion, Bax transposition and 

Bax/Bax oligomerization on the mitochondrial membrane (25). 
The present study demonstrated that p53 inhibition reduced the 
effect of miR‑128 on epilepsy. A previous study has additionally 
suggested that miR‑128 promotes apoptosis in human cancers 
via the p53/Bak axis through SIRT1 (20).

Finally, the present results demonstrated that miR‑128 
levels were increased in epilepsy in vivo, and downregulation 

Figure 9. p53 inhibition reverses the function of anti‑miR‑128 on apoptosis. (A) Cell proliferation, (B) LDH activity levels, (C and D) apoptosis rate, and 
(E and F) caspase‑3 and caspase‑9 activity levels were measured in cells treated with control, or miR‑128 mimics alone, or miR‑128 mimics and a p53 
inhibitor. ##P<0.01 compared with control group; **P<0.01 compared with miR‑128 group. SIRT1, sirtuin 1; LDH, lactate dehydrogenase; FITC, fluorescein 
isothiocyanate; PI, propidium iodide; miR, microRNA. 

Figure 10. miR‑128 exerts pro‑apoptotic effects in PC12 nerve cells through the SIRT1 cascade in an in vitro model. SIRT1, sirtuin 1; p53, tumor protein p53; 
Bax, BCL2 associated X; miR, microRNA.
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of miR‑128 induced nerve cell apoptosis through the 
SIRT1/p53/Bax/Cytochrome  c/caspase signaling pathway 
(Fig. 10). Therefore, upregulation of miR‑128 may promote 
apoptosis in epilepsy model in vivo and in vitro through the 
SIRT1/p53/Bax/Cytochrome  c/caspase signaling pathway. 
Therefore, miR‑128 may have potential as an antiepileptic 
target in the clinic.
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