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Abstract

Epilepsy is characterized by recurrent unprovoked seizures and some seizures can cause neuronal apoptosis, which is pos-
sible to make contributions to the epilepsy phenotype, impairments in cognitive function or even epileptogenesis. Moreover,
many studies have indicated that microRNA-34a (miRNA-34a) is involved in apoptosis through regulating Notch signaling.
However, whether miRNA-34a participates in neuronal apoptosis after seizures remain unclear. Therefore, we aimed to
explore the expression of miRNA-34a and its effects on the epileptiform discharge in spontaneous recurrent epileptiform
discharges (SREDs) rat hippocampal neuronal pattern. Mg?*-free medium was used to induce SREDs, quantitative reverse-
transcription polymerase chain reaction was used to detect the expression of miRNA-34a, western blot was used to determine
the expression of Notch pathway and apoptosis-related proteins, and whole cell current clamp recordings was used to observe
the alteration of epileptiform discharge. We found obvious apoptosis, increased expression of miRNA-34a and decreased
expression of Notch signaling in Mg?*-free-treated neurons. Treatment with miRNA-34a inhibitor decreased the frequency of
action potentials, activated Notch signaling and prevented neuronal apoptosis in Mg?*-free-treated neurons. However, treat-
ment with miRNA-34a mimics increased the frequency of action potentials, down-regulated Notch signaling and promoted
neuronal apoptosis in Mg>*-free-treated neurons. Furthermore, y-secretase inhibitor N-[N-(3,5-di-uorophenacetyl)-1-alanyl]-
S-phenylglycine t-butylester (DAPT), an inhibitor of Notch signaling, could weaken anti-apoptosis effect of miRNA-34a
inhibitor. These results suggest that inhibition of miRNA-34a could suppress epileptiform discharges through regulating
Notch signaling and apoptosis in the rat hippocampal neuronal model of SREDs.
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Abbreviations HRP Horseradish peroxidase
SREDs Spontaneous recurrent epileptiform discharges = NIC Notch intracellular domain
gRT-PCR Quantitative reverse-transcription polymerase

chain reaction

MAP2 Protein-2 associated with anti-microtubule Introduction

pBRS Physiological basal recording solution

AP Action potentials Epilepsy, one of the most common neurological disorders, is
Bax Bcl-2-associated X protein characterized by a long lasting and unpredictable tendency
Bcl-2 B-cell lymphoma-2 to produce epileptic seizures caused by excessive and syn-

chronized firing of neurons that last for a short time, which
affects approximately 1-2% of the population worldwide
04 Hongyang Zhao [1]. About 30% of patients who have epilepsy have still
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Recently, micro ribonucleic acids (microRNA or miRNA)
are discovered to be altered within brain tissue from experi-
mental patterns and epilepsy patients by the regulation of ion
channels, synaptic plasticity, inflammation, neuronal death
as well as neuronal microstructure. Targeting key miRNA is
presented for altering the excitability of the brain and exac-
erbating or suppressing seizures, which indicates potential
for therapeutics based on miRNA in epilepsy [3, 4]. More
than 100 diversified miRNA levels had been discovered to
either reduce or increase within the hippocampus, of which
over 20 had been identified in two or more researches, which
included higher levels of miR-146a, miR-132, miR-34a and
miR-23a [5]. MiRNA-34a is a member of the miRNA-34
family, and a large number of researchers have found that
miRNA-34a could mediate cell cycle, differentiation, and
apoptosis [6, 7]. Hu et al. found an increased expression of
miRINA-34a in post-status epilepticus rats, and indicated that
miR-34a inhibition was able to inhibit protein expression
of activated caspase-3, which is possible to make contribu-
tions to the decreased apoptosis and the increased neuronal
survival [8]. Besides, proofs have appeared that the activity
of apoptotic pathways continues well beyond the period of
major cell death after the initial precipitating injury (e.g.
status epilepticus) into the time of epileptogenesis [9].
Those data suggested that upregulated miRNA-34a might
contribute to precipitating injury-induced neuronal apopto-
sis, which is closely related with secondary injury, such as
cognition impairment, following epilepsy.

MiRNA-34a, a direct target of pS3 tumor suppressor
gene, promote cell apoptosis in p53-dependent or independ-
ent manner through regulating various target proteins, such
as Notchl and Notch2 [6]. Notch signaling is considered
to be a significant “switch” controlling cell fate decisions
(death, proliferation or differentiation) during development
in numerous tissues [6]. Nevertheless, the probable relation
of Notch signaling and miRNA-34a in epilepsy keeps to be
elucidated. According to it, we wanted to explore miRNA-
34a’s impact on spontaneous recurrent epileptiform dis-
charges (SREDs). Though the neuronal cultures don’t have
real anatomical links and don’t show clinical seizures, such
in vitro pattern is adopted routinely for characterizing elec-
trophysiological, biochemical, as well as molecular mecha-
nisms which underlie acquired epilepsy [10].

Materials and Methods
Primary Cultures of Hippocampal Neurons

Primary cultures of hippocampal neurons were performed
according to previous study with slight modifications [10,
11]. Briefly, hippocampi had been digested with trypsin for
20 min and prepared from 2-day postnatal Sprague—Dawley

rats. Hippocampal neurons had been plated at a density of
2% 10° cells/cm? onto 35-mm cell culture dishes (Corning,
America) originally coated with poly-L-lysine (0.05 mg/ml,
Sigma, America). Neurons had been kept within Neurobasal
medium (Invitrogen, Carlsbad, CA, America) including 100
U/mL streptomycin, 100 U/mL penicillin, 0.5 mM glutamine
as well as 2% B27 and kept within a 5% CO,/95% air atmos-
phere at room temperature. Immunofluorescence had been
conducted on the 7th day of culture with mouse protein-2
associated with anti-microtubule (MAP2; 1:50; Boster,
China) for the purpose of identifying hippocampal neurons.

Hippocampal Neuronal SREDs Model

To induce the hippocampal neuronal SREDs pattern, the
neuronal cultures had been treated with a solution containing
no added MgCl, (Mg**-free) for 3 h on the 14th day accord-
ing to previous study [10, 11]. Briefly, after the removal
of maintenance media, neurons were gently washed with
physiological basal recording solution (pBRS) contain-
ing (in mM): pH 7.3, 0.001 glycine, 10 glucose, 2 CaCl,,
10 HEPES, 2.5 KCI as well as 145 NaCl, and osmolarity
adjusted to 325 +5 mOsm with sucrose and and then allowed
to incubate in this solution at 37 °C under 5% CO2/95% air
atmosphere for 3 h. Mg**-free treatment was carried out
with pBRS without MgCl,, which was used as Mg**-free
group. However, neurons treated with pBRS containing
1 mm MgCl, were used as control group. At the end of the
3-h period, neurons returned to the maintenance medium and
incubated at 37 °C under 5% CO,/95% air atmosphere for
12 h. Then, neurons were harvested, and whole cell current
clamp recordings, quantitative reverse-transcription poly-
merase chain reaction (QRT-PCR) and western blot analysis
were performed.

Transfection and Drug Administration

The negative control miRNA (NC; 5'-CAGUACUUUUGU
GUAGUACAA-3"), miRNA-34a inhibitor (5'-ACAACC
AGCUAAGACACUGCCA-3') as well as miRNA-34a mim-
ics (5'-UGGCAGUGUCUUAGCUGGUUGU-3') had been
composed by Guangzhou RiboBio, Co., Ltd. in accordance
with the researches before [12]. The neurons had been trans-
fected with 40 nM inhibitors or 20 nM miRNA-34a-5p mim-
ics after 3-h Mg?*-free treatment by adopting Lipofectamine
RNAiMax (Invitrogen Corp., Carlsbad, CA, America)
according to the manufacturer’s instructions for 12 h. For
drug administration, y-secretase inhibitor N-[N-(3,5-di
uorophenacetyl)-1-alanyl]-S-phenylglycine z-butylester
(DAPT, Sigma-Aldrich, St. Louis, MO, USA) was used to
inhibit Notch signaling. 1 uM DAPT was added into pBRS
after 3-h Mg“—free treatment for 12 h [13]. Then, neurons
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were harvested, and whole cell current clamp recordings,
gRT-PCR and western blot analysis were performed.

Whole Cell Current Clamp Recordings

Whole cell current clamp recordings were performed using
previously established procedures [10, 11]. Briefly, cell
culture dish was placed on the stage of an inverted micro-
scope (IX71, Olympus) continuously perfused with pBRS.
A Brown-Flaming P-97 electrode puller (Sutter Instruments,
Novato, CA, USA) was used to pull the patch electrodes with
a resistance of 2—4 mQ. Patch electrodes were filled with a
solution containing (in mM): 140 K* gluconate, 1.1 EGTA,
1 MgCl,, and 10 Na-HEPES, pH 7.2, osmolarity adjusted to
290 + 10 mOsm with sucrose. Whole-cell recordings were
carried out using an Axopatch 200B amplifier (Molecular
Devices, Foster City, CA, USA). Data were acquired using
a Multiclamp 700B amplifier (Axon, Sunnyvale, CA, USA)
and Digidata 1440A (Axon, Sunnyvale, CA, USA). The
recorded data were analyzed by the Mini Analysis pro-
gram (Synaptosoft, Leonia, NJ) and Clampfit 10.3 software
(Molecular Devices, Sunnyvale, CA, USA). The frequency
of action potentials (AP) was recorded and analyzed.

QRT-PCR

In accordance with the protocol of the manufacturer, the
total RNA had been extracted from harvested neurons by
adopting an RNAiso Plus kit. In accordance with the pro-
tocol of the manufacturer, almost 2 ul of RNA had been
adopted for obtaining complementary DNA (cDNA) by
reversed transcription through adopting particular reversed
transcription primers for U6 (RiboBio) and miRNA-34a as
well as a Prime Script RT reagent kit with gDNA Eraser
(TaKaRa). According to the protocol of the manufacturer,
the qRT-PCR had been conducted by adopting a CFX96
Real-time PCR Detection System (BioRad Laboratories,
Inc.) as well as a SYBR Premix Ex Taqll to discuss the
expression of U6 and miRNA-34a adopting a particular
Bulge-Loop™ miRNA qRT-PCR Primer Set. The miRNA-
34a’s expression had been normalized to the levels of U6
and expressed as fold using comparative Ct method [14].

Western Blot Analysis

The total proteins were extracted from harvested neurons by
adopting the extraction kits of proteins (Beyotime, Shang-
hai, China). The total proteins were separated by using 12%
sodium dodecyl sulphate—polyacrylamide gels and trans-
ferred to PVDF membranes. The membranes have been
incubated by using some corresponding primary antibod-
ies at 4 °C overnight. The primary antibodies below had
been adopted: rabbit anti-Bcl-2-associated X protein (Bax,
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1:1000, Abcam), rabbit anti-B-cell lymphoma-2 (Bcl-2,
1:1000, Abcam), rabbit anti-active caspase-3 (1:1000,
Abcam), rabbit anti-Hes5 (1:1000, Proteintech), Enhancer-
of-split homologues 1 and rabbit anti-mammalian hairy
(Hesl1, 1:1000, Abcam, New York, UK), rabbit anti-Notch2
(1:1000, Abcam), rabbit anti-Notch1 (1:1000, Proteintech,
Chicago, America), or rabbit anti-GAPDH (1:2000, Protein-
tech). The membranes had been washed for three times by
using TBST and then incubated with horseradish peroxidase
(HRP) labeled goat anti-rabbit secondary antibody (Santa
Cruz, CA, America) at normal temperature for 1 h. At last,
the bands had been illuminated by adopting Immobilon
ECL (Millipore). The target strip’s gray value had been dis-
cussed by adopting Image J software;relative protein expres-
sion = gray value of target protein/gray value of GAPDH.

TUNEL Staining

Neuronal apoptosis had been detected via TUNEL staining,
which had been conducted by adopting Apoptosis Detection
Kit (Beyotime) following the instructions of the manufac-
turer. Rabbit anti-MAP2 (1:50; Boster) and corresponding
secondary antibody goat anti-mouse Alex Flour 555 (1:50,
Beyotime) had been adopted for labeling neurons.

Statistical Analysis

Statistics have been shown to be the mean + SEM and
discussed through adopting the t-test for the comparisons
between two groups as well as one-way ANOVA for the
comparison among various groups followed by the test of
post hoc Tukey. Different points had been regarded to be
statistically important for p <0.05.

Results

SREDs Induces Increase of miR-34a Expression
and Decrease of Notch Pathway Expression

Immunofluorescence had been conducted with MAP2 and
DAPI on the 7th day of culture. The results showed that
over 90% of the cells positively stained for MAP2, which
would be used for further studies (Fig. 1a). The record-
ings of the whole cell current clamp gained from neurons
within cultures half a day after the treatment with low-
Mg** (Mg**-free group) for 3 h demonstrated significantly
higher frequency of AP when compared with control group
(Fig. 1b, n=15 each group, p <0.05). The expression of
miRNA-34a in the cultured neurons of the Mg**-free
and control groups of cultured neurons was detected by
gRT-PCR, and significantly higher level of miRNA-34a
was detected in the Mg?*-free group when compared
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Fig.1 SREDs induces increase of miR-34a expression and decrease
of Notch signaling expression a Immunofluorescence staining for
DAPI and MAP2. Scale bars: 50 um. b Representative trace of AP
in hippocampal neurons within the Mg>*-free group as well as the
control group. ¢ The miRNA-34a’s expression within the Mg?*-free

with control group (Fig. 1c, n=35 each group, p <0.05).
Moreover, western blot was used to detect the expression
of Notch signaling (including Notch1, Notch2, Hes1 and
Hes5), and we found that those proteins were significantly
decreased in Mg?*-free group when compared with control
group (Fig. 1d, n=35 each group, p <0.05).

SREDs Induces Neuronal Apoptosis

Neuronal apoptosis was detected by TUNEL stain-
ing and western blot. TUNEL staining revealed that the
apoptosis rate in the Mg>*-free group was significantly
higher than those in the control group (Fig. 2a, n=5 each
group, p <0.05). Quantification by western blot showed
that the expression of active caspase-3 was increased in
the Mg?*-free group when compared with control group
(Fig. 2b, n=5 each group, p <0.05). The expression of
pro-apoptotic protein Bax was significantly higher, but
anti-apoptotic protein Bcl-2 was significantly decreased
in Mg?*-free group than that of control group (Fig. 2b,
n=>35 each group, p <0.05).
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group as well as the control group had been detected by qRT-PCR. d
The expression of Hes5, Hesl, Notch2 as well as Notchl within the
Mg?*-free group as well as the control group had been detected by
western blot, *p <0.05 vs. control group

Inhibition of miRNA-34a Suppresses Epileptiform
Discharges and Upregulates Notch Signaling

After treatment with NC, miRNA-34a mimics and miRNA-
34a inhibitor, neurons were harvested and the expression of
miRNA-34a was detected by qRT-PCR. As shown in Fig. 3a,
the miRNA-34a expression was significantly increased in the
mimics group when compared with the NC group; however,
the miRNA-34a expression was significantly decreased in
the inhibitor group when compared with the NC group (n=5
each group, p <0.05). To clarify the effect of miRNA-34a on
epileptiform discharges, we performed electrophysiological
evaluations of hippocampal neurons treated with miRNA-
34a mimics, miRNA-34a inhibitor and NC. Our experiment
showed that miRNA-34a inhibitor treatment significantly
decreased the AP frequency when compared with the NC
group (Fig. 3b, n=5 each group, p<0.05). In contrast,
miRNA-34a mimics treatment significantly increased the
AP frequency when compared with the NC group (Fig. 3b,
n=>5 each group, p <0.05). Those data suggest that miRNA-
34a could significantly inhibit epileptiform discharges in our
SREDs model of cultured hippocampal neurons. In addition,
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Fig.2 SREDs induce neuronal apoptosis a TUNEL staining of hip-
pocampal neurons within the Mg?*-free group and the control group.
Scale bars: 50 um. b The expression of proteins which are related

the expression of Notch signaling (including Notchl,
Notch2, Hes1 and Hes5) had been detected by western blot.
It was discovered that the proteins had been greatly reduced
in the mimics group and increased in the inhibitor group
when compared with NC group, indicating that inhibition
of miRNA-34a could up-regulate Notch signaling (Fig. 3d,
n=>5 each group, p <0.05).

Inhibition of miRNA-34a Inhibits Neuronal
Apoptosis

After treatment with miRNA-34a mimics, miRNA-34a
inhibitor and NC, neuronal apoptosis was also detected by
TUNEL staining and western blot. TUNEL staining revealed
that the apoptosis rate in the inhibitor group was significantly
lower than those in the NC group (Fig. 4a, n=5 each group,
p <0.05). However, apoptosis rate in the mimics group was
significantly higher than those in the NC group (Fig. 4a,
n=>5 each group, p<0.05). Quantification by western blot
showed that the expression of active caspase-3 and Bax was
significantly decreased in the inhibitor group and signifi-
cantly increased in the mimics group when compared with
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to apoptosis (active caspase-3, Bax as well as Bcl-2) within the
Mg**-free group as well as the control group had been detected by
western blot. *p <0.05 vs. control group

the NC group (Fig. 4b, n=5 each group, p <0.05). While
the expression of Bcl-2 showed opposite way (Fig. 4b, n=5
each group, p <0.05). Those data suggest that inhibition of
miRNA-34a could inhibit neuronal apoptosis.

DAPT Weakens Anti-apoptosis Effect of miRNA-34a
Inhibitor

Finally, to detect whether miRNA-34a regulates apoptosis
through Notch signaling, we used DAPT to inhibit Notch
signaling and investigated the alteration of neuronal apop-
tosis. We found that the expression of Hesl and Hes5 in
the inhibitor + DAPT group was higher than those in the
DAPT group (Fig. 5a, n=5 each group, p <0.05), but lower
that those in the inhibitor group (Fig. 5a, n=5 each group,
p <0.05), indicating that DAPT suppresses miRNA-34a
inhibitor-induced activation of Notch signaling. TUNEL
staining revealed that the apoptosis rate in the inhibi-
tor + DAPT group was significantly higher than that in the
inhibitor group (Fig. 5b, n=35 each group, p <0.05). How-
ever, the apoptosis rate in the inhibitor + DAPT group was
significantly lower than that in the lower group (Fig. 5b,
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Fig.3 Inhibition of miRNA-34a suppresses epileptiform discharges
and upregulates Notch signaling a The miRNA-34a’s expression
within hippocampal neurons treated with miRNA-34a inhibitor,
miRNA-34a mimics or NC was detected by qRT-PCR. b Represent-
ative trace of AP in hippocampal neurons treated with miRNA-34a

n=>35 each group, p<0.05). Additionally, quantification by
western blot showed that the expression of active caspase-3
and Bax in the inhibitor + DAPT group was significantly
higher than those in the inhibitor group (Fig. 5c, n=>5 each
group, p <0.05), but significantly lower than those in the
DAPT group (Fig. 5S¢, n=5 each group, p <0.05). While the
expression of Bcl-2 showed opposite way (Fig. 5c, n=5 each
group, p <0.05). Those data suggest that DAPT weakens
anti-apoptosis effect of miRNA-34a inhibitor.

Discussion

Removal of Mg?* from bath media can permanently trans-
form hippocampal neurons into a network of cells sponta-
neously manifesting recurrent seizure discharges, which
provides a novel in vitro model of sustained epileptiform
discharge to elucidate the underlying biophysical, biochemi-
cal, and genetic mechanisms involved in the termination,
maintenance and induction of the “epileptic condition” [11].
Similarly, in our study, the recordings of whole cell current
clamp from control cultured hippocampal neurons demon-
strated spontaneous excitatory (EPSPs), inhibitory (IPSPs)

inhibitor, miRNA-34a mimics or NC. ¢ The expression of Notchl,
Notch2, Hesl and Hes5 in hippocampal neurons treated with NC,
miRNA-34a mimics or miRNA-34a inhibitor had been detected by
western blot. *p <0.05 vs. NC group

and occasional AP [11]. However, the neurons manifested
recurrent epileptiform activity with paroxysmal depolarizing
shifts or multiple AP at 12 h after treatment with Mg**-free
media, which suggested that the hippocampal neuronal
SREDs pattern was successfully established. Moreover, we
found obvious neuronal apoptosis in the Mg>*-free-treated
neurons, which indicated close relationship between neu-
ronal apoptosis and SREDs.

Apoptosis, a morphologically distinct form of cell death,
is characterized by cytoplasmic condensation, preservation
and packaging of intracellular organelles, DNA fragmen-
tation, dispersal and phagocytosis of the cell as apoptotic
bodies [15]. Accumulating evidence suggests that certain
seizures could cause neuronal apoptosis, which makes con-
tributions to the epilepsy phenotype, impairments in cogni-
tive function or epileptogenesis [9]. In the earliest work,
Pollard et al. found apoptotic DNA frag and DNA laddering
within tissue samples from the brain of the rat after seizures
[16]. After that, an increasing number of researchers focus
on the mechanisms of seizures-induced neuronal apoptosis
and tried to seek a novel or effective therapeutic strategy to
suppress the progress of epilepsy through mediating neu-
ronal apoptosis. Guo et al., for example, have found obvious
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Fig.4 Inhibition of miRNA-34a inhibits neuronal apoptosis a
TUNEL staining of hippocampal neurons treated with miRNA-34a
inhibitor, miRNA-34a mimics as well as NC. Scale bars: 50 um. b
The expression of proteins which are related with apoptosis (active

neuronal apoptosis and tangeretin exerted effective neuro-
protective impacts against pilocarpine-induced seizures via
modulating apoptotic protein expressions [17]. In addition,
many first-line antiepileptic drugs, such as sodium valproate
and lamotrigine, have been proved to ameliorate seizures-
induced neuronal apoptosis through various molecular
mechanisms [18, 19]. However, the mechanisms of seizures-
induced neuronal apoptosis are extremely complicated and
require further studies.

Surprisingly, many studies indicate that a Notch sign-
aling also plays an important role in regulating apoptosis
[20, 21]. In mammalian, there are four receptors, contain-
ing Notchl, Notch2, Notch3, and Notch4, and five ligands,
i.e. Jaggedl, Jagged2, Delta-like-1, -3, and -4 [20]. After
Notch ligand-receptor binding, Notch intracellular domain
(NIC) is cleaved by y-secretase, leading to the release of
NIC and its entrance into the nucleus [20, 22]. Then, NIC
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activates Hes1 and Hes5 expression, which is was consistent
with our results [23, 24]. It is the most widely accepted that
activation of Notch signaling could inhibit apoptosis, but it
remains controversial even in the same disease. For exam-
ple, activation of Notch signaling suppressed the apoptosis,
hippocampus neuronal injury as well as cerebral infarction
[13], but acute blockage of Notch signaling improved func-
tional outcome and inhibited neuronal apoptosis in the neo-
natal rat brain after stroke [25]. Similarly, the expression
of Notch signaling within the brains of the patients who
have epilepsy and experimental patterns also maintains to
be controversial. For instance, Sha et al. have discovered
Notch signaling had been up-regulated in the brain of epilep-
tic patients and kainic acid-induced seizures mice, and that
inhibition of Notch signaling could suppress seizure activity
[26]. Using the same animal model, Sibbe et al. have found
that a down-regulation of Notch signalling [27]. In addition,
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been detected by western blot. b TUNEL staining of hippocampal
neurons treated with RNA-34a inhibitor, DAPT or RNA-34a inhibi-

acute application of Notch 1 agonist Jagged 1 suppressed,
whereas a Notch antagonist named DAPT promoted spike
as well as wave discharges within WAG/Rij rats [28]. Those
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inhibitor DAPT inhibitor+DAPT
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tor+ DAPT. Scale bars: 50 um. ¢ The expression of proteins which
are related with apoptosis (active caspase-3, Bax as well as Bcl-2)
in hippocampal neurons treated with RNA-34a inhibitor, DAPT
or RNA-34a inhibitor+ DAPT had been detected by western blot,
*p <0.05 vs. inhibitor group; *p <0.05 vs. DAPT group

discrepancies could be explained by the choice of animals,
cells and drug administrations. In present study, we found
an increase of neuronal apoptosis and a decrease of Notch
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signaling in the hippocampal neuronal SREDs model, indi-
cating negative correlation between Notch signaling and
neuronal apoptosis in the hippocampal neuronal SREDs
pattern.

The mechanisms of Notch signaling-mediated apoptosis
have been sophisticated because of a variety of targets and
signal pathways, particularly miRNA. Most of Notch mem-
bers have been targeted by at least one miRNAs and miR-
NAs biogenesis influenced by the signal transduction [29].
Among them, miRNA-34a is widely believed to function as
pro-apoptotic factor by targeting Notch signaling. A previous
study has suggested that transient transfection of miRNA-
34a into glioma and medulloblastoma cell lines might sig-
nificantly promote apoptosis and reduce the levels of protein
of Notch1 and Notch2. However, overexpression of Notch1
and Notch?2 rescue partially cell cycle arrest as well as cell
death induced by miR-34a in stem cells or glioma cells [30].
In addition, miRNA-34a can promote cardiac microvascular
endothelial cells (CMEC) apoptosis, thus worsening CMEC
damage and inhibiting angiogenesis by negatively target-
ing the Notch signaling [31]. This pro-apoptotic effect of
miRNA-34a was also found in the neurons of epileptic rats
[8]. However, whether or not this pro-apoptotic effect of
miRNA-34a on epilepsy is associated with Notch signaling
remains unclear. In present study, we found high level of
miRNA-34a, low level of Notch signaling and obvious neu-
ronal apoptosis in the hippocampal neuronal SREDs model.
When those neurons were managed with miRNA-34a inhibi-
tor, the level of Notch signaling was increased, which was
accompanied by suppression of epileptiform discharges as
well as neuronal apoptosis. However, miRNA-34a mimics
showed adverse effects on epileptiform discharge, Notch
pathway and neuronal apoptosis. Additionally, DAPT can
accelerate apoptosis in miRNA-34a-inhibitor-treated neu-
rons. Those data indicated that miRNA-34a regulates neu-
ronal apoptosis through targeting Notch pathway.

In conclusion, our results demonstrate that miRNA-
34a-mediated Notch signaling may participate in neuronal
apoptosis after seizures, and inhibition of miRNA-34a sup-
presses epileptiform discharges through regulating Notch
signaling-mediated neuronal apoptosis, which may provide
a new potential target and therapeutic strategy for restraining
the progress of epilepsy.
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