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MicroRNA-15a-5p serves as a potential
biomarker and regulates the viability and
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Abstract

cell behaviors of hippocampal neurons.

diagnosis of children TLE.

Background: Temporal lobe epilepsy (TLE) is the most common type of epilepsy, usually starting in childhood. The
dysregulation of microRNAs (miRNAs) has been identified in neurological disorders. The current study investigated
the expression level and clinical significance of miR-15a-5p in TLE children, and explored its function in regulating

Methods: The expression level of miR-15a-5p was examined in the serum of 63 TLE children. Primary hippocampal
cells were cultured in magnesium-free medium to mimic TLE condition in children. The effect of miR-15a-5p on the
viability and apoptosis of hippocampus neuron was assessed using MTT or flow cytometric apoptosis assay.
Results: TLE children had significantly low expression of miR-15a-5p. MiR-15a-5p was of great value for the
diagnosis of TLE in children, with high specificity and sensitivity. The expression level of miR-15a-5p was decreased
significantly in hippocampal cells treated in the magnesium-free medium. Overexpression of miR-15a-5p attenuated
TLE-induced reduction for cell viability, and reversed the cell apoptosis induced by TLE.

Conclusions: MiR-15a-5p is downregulated in children with TLE, and overexpression of miR-15a-5p promoted the
viability and inhibited the apoptosis of hippocampal neuron. MiR-15a-5p may be a promising biomarker for the
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Introduction

Epilepsy is a common neurological disorder, and is de-
fined as seizures that occur as a result of neuronal dis-
charge in a certain region of the brain [1]. According to
statistic, the incidence of epilepsy in children ranges
from 33 to 82 per 100,000 children per years [2]. Tem-
poral lobe epilepsy (TLE) is the most common type of
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focal epilepsy with seizure onset from the temporal lobe
structure [3]. Unfortunately, children with TLE are often
difficult to control with one medication, and two or
more appropriate medications are always demanded [4].
The goal of treatment for epilepsy is to reduce the dur-
ation of seizures, which is related to neuroprotection.
Neuroprotection is considered to be an important aspect
of preventing the development of epilepsy.

MicroRNAs (miRNAs) are small noncoding RNAs,
which function to regulate multiple developmental pro-
cesses at the posttranscriptional level. A series of reports
have proved the importance of miRNAs dysregulation in
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the nervous system, and have brought growing body of
evidence on miRNA dysregulation in neurological disor-
ders, such as Parkinson’s disease and Alzheimer’s disease
[5, 6]. A number of recently published studies have now
profiled miRNA expression in experimental models of
status epilepticus, and multiple abnormally expressed
miRNAs have been identified [7-9]. A major study has
determined that circulating miR-15a-5p is aberrantly
expressed in adult epilepsy patients [10]. Additionally,
miR-15a-5p is also suggested to be at low expression in
patients with Alzheimer’s disease, which is closely re-
lated to the development of epilepsy [11, 12]. These evi-
dence demonstrate the crucial role of miR-15a-5p in the
pathogenesis of neurological disorders. However, the ex-
pression of miR-15a-5p in children with TLE is still un-
clear, because TLE in children is different from the
syndrome observed in adults [4].

Therefore, in the presents study, we investigated the
expression and clinical value of miR-15a-5p in children
with TLE, and further explored its effect on hippocam-
pal neuron viability and apoptosis in a TLE cell model.

Materials and methods

Study population and sample collection

Sixty-three children with TLE were collected with the
mean age of 9.81 + 2.79 years old, who were diagnosed
according to their clinical seizure semiology, video-
electroencephalography (EEG) monitoring, and high-
resolution magnetic resonance imaging (MRI) results.
According to EEG results, the patients manifested re-
petitive spikes and spike-and-wave discharges in the left
and/or right temporal lobes. According to the MRI re-
sults, the abnormal MRI imaging includes tumors, disor-
ders of neuronal migration and cortical organization,
vascular malformations, mesial temporal sclerosis, and
neocortical sclerosis attributable to brain injury. Patients
who had non-epileptic disorders were excluded from the
study, including electrolyte disturbances, metabolic dis-
orders, acute brain disease or trauma, and non-epileptic
paroxysmal events mimicking epilepsy. Sixty-seven
healthy individuals were recruited as the control group,
with the mean age of 10.13 + 2.46 years old. 5 ml periph-
eral blood samples were collected from each participant
and centrifuged immediately, then the serum samples
were stored at — 80 °C for further analysis.

The protocol of this study was approved by the Ethics
Committee of Yidu Central Hospital of Weifang, and
written informed consent was collected from each
participant.

Primary culture of hippocampal neurons from newborn
rats

Wistar rats were purchased from the Shanghai Animal
Laboratory Center, and were housed in cages with a
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constant indoor temperature of 25°C and had free ac-
cess to food and water. All animals were treated accord-
ing to the Guide for the Care and Use of Laboratory
Animals of the Institute for Laboratory Animal Research.
One male rat was housed with a female rat for the gen-
eration of newborn rats. As described in previous re-
search, primary hippocampal cells were collected from
PO newborn rats and cultured [13]. Briefly, three slices
of hippocampus were collected from the brain and then
were digested with 0.5% Trypsin at 37°C for 15 min.
Then the dissociated single cells were washed twice with
Hank’s buffered saline solution. After treatment with
DNase I, neurons were placed on glass coverslips with
plating medium and cultured in a humidified incubator
with 5% CO, at 37 °C. After confirming that the cells are
viable and have attached, cells were cultured in Neuro-
basal medium (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA). Once a week, replace one-
third of the medium with fresh Neurobasal medium.
After incubation for 8 days, primary hippocampal neu-
rons were used for subsequent experiment.

Establishment of epileptiform discharge model in rat
hippocampal neurons

To mimic TLE condition in children, hippocampal neu-
rons from newborn rats were cultured in magnesium-
free medium (145g NaCl, 2.5g KCl, 10g HEPES, 2¢g
CaCl2, 10g glucose, 0.002 g glycine dissolved in 1000
mL distilled water, pH 7.2) at 37 °C for 3 h, and the hip-
pocampal epileptiform activity was induced [14, 15].

Cell transfection

MiR-15a-5p mimic and its negative control (mimic NC)
were provided by Gene-Pharma (Shanghai, China). Rat
primary hippocampal neurons were plated on a 96 well
plate, and cell transfection was performed at a con-
fluency of 85-90%. According to the transfection, cells
were assigned into four groups: control group (untreated
cells), No Mg2+ (cells were cultured in a magnesium-free
medium), No Mg** + mimic NC (cells were transfected
with miR-15a-5p mimic NC, 24 h post-transfection cells
were cultured in a magnesium-free medium at 37 °C for
3 h), No Mg** + miR-15a-5p mimic (cells were trans-
fected with miR-15a-5p mimic, 24h post-transfection
cells were cultured in a magnesium-free medium at
37°C for 3 h). Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) was used for the transfection according to the
manufacturer’s protocols. 24 h post-transfection, cells
were cultured in a magnesium-free medium at 37 °C for
3 h to establish TLE model. The control group was
treated with nonmagnesium-free medium, which is
magnesium-free medium with 1 mM MgCl,.
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RNA extraction and quantitative real-time polymerase
chain reaction (qRT-PCR)

Total RNA was isolated from both human serum and
cultured rat hippocampal neurons by using Trizol re-
agent (Invitrogen, Carlsbad, CA, USA) based on the
manufacturer’s protocol. Reverse transcription was per-
formed using TagMan miRNA reverse transcription kit
(Applied Biosystems, Foster City, CA, USA). qRT-PCR
assay was performed to determine the gene expression
using a SYBR Premix Ex Taq™ II commercial kit (Takara,
Dalian, China) and the Applied Biosystems 7900 Real-
Time PCR System (Applied Biosystems, Foster City,
CA). The following thermocycling conditions were used
for the PCR: initial denaturation at 95°C for 5 min; 30
cycles of 95°C for 30s, 60 °C for 30s and 72 °C for 20s;
and a final extension at 72°C for 10 min. The relative
gene expression was normalized to that of the internal
control U6 according to the comparative delta CT
(2722¢Y method. The primers used were as follows:
miR-15a-5p forward, 5'-GGGUAGCAGCACAUAAU
GG-3' and reverse, 5'-CTCAACTGGTGTCGTGGA-3';
and U6 forward, 5'-CTCGCTTCGGCAGCACA-3" and
reverse, 5'-AACGCTTCACGAATTTGCGT-3'.

MTT assay

The cell viability was assessed using MTT assay accord-
ing to the previous research [16]. 50 ul of MTT (Sigma-
Aldrich; Merck, Darmstadt, Germany) was added into
each well and incubated for further 3 h, followed by
addition of 150pl of dimethyl sulfoxide (DMSO)
(Sigma-Aldrich; Merck). The cell viability was deter-
mined by measuring the absorbance at 490 nm using a
microplate reader.

Flow cytometric apoptosis assay

An Annexin V-FITC Apoptosis Detection kit (Keygen
Biotechnology) was used to detect cell apoptosis. Cells
of each group were harvest, and washed with incuba-
tion buffer (10 mmol/L HEPES/NaOH, pH74, 140
mmol/L NaCl, 5 mmol/L CaCl,). Subsequently, the cells
were re-suspended with PBS and mixed with 5pl
Annexin V-FITC and PI staining solution. After incuba-
tion for 10-15min in the dark, SA-FLOUS was added
and incubated in the dark for another 20min. The
apoptotic rates were measured using a FACSCalibur
flow cytometer (BD Biosciences).

Statistical analysis

All the data analyses were performed using SPSS version
18.0 software (SPSS Inc., Chicago, IL) and GraphPad
Prism 5.0 software (GraphPad Software, Inc., USA). The
data were expressed as mean + standard deviation (SD).
Demographic data were analyzed using an independent-
samples t-test or a chi-squared test. Differences between
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two groups were compared using student’s ¢-test or one-
way ANOVA analysis. Receiver operating characteristic
(ROC) curve analysis was applied to determine the spe-
cificity and sensitivity of miR-15a-5p levels regarding the
diagnosis of TLE. Each experiment had at least three
repetitions. P<0.05 was considered to be statistically
significant.

Results

The demographic and clinical characteristics of the study
population

The demographic and clinical characteristics of both
case and control groups were summarized in Table 1.
The age of the individuals ranged from 6 to 14 years old
in the healthy controls group, and 5-15 years in the TLE
patients group. There was no significant difference for
the age and gender distribution between the control and
TLE patients group (P > 0.05, Table 1).

MiR-15a-5p expression level in the serum of children with
TLE

The expression level of miR-15a-5p in the serum of chil-
dren with TLE was estimated using qRT-PCR. It was
noted that compared with the control group, the TLE
children had significantly low expression of miR-15a-5p
(P<0.001, Fig. 1), suggesting the potential role of miR-
15a-5p in the pathogenesis of TLE. Furthermore, the ex-
pression level of miR-15a-5p was compared in the clinical
groups of TLE patients according to the results of EEG
and MRIL As shown in Fig. 1b, there was no significance
for miR-15a-5p expression in bilateral temporal patients
compared with unilateral temporal patients (P >0.05).

Table 1 Clinical characteristics of the patients with TLE and the
healthy controls

Parameters Healthy controls TLE patients P-value
(n=67) (n=63)
Age (years) 1013 £ 246 9.81+£279 0482
Gender
Male 35 33 0.987
Female 32 30
Interictal EEG
Unilateral temporal - 47
Bilateral temporal - 16
Epilepsy type
Simple partial - -
Complex partial - 63
Brain MRI finding
No abnormality - 52

Mesial sclerosis - 11

TLE temporal lobe epilepsy, EEG electroencephalography, MRI magnetic
resonance imaging
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Fig. 1 The expression level of miR-15a-5p in the serum of children with temporal lobe epilepsy (TLE) and healthy controls. a. The TLE children
had significantly low expression of miR-15a-5p compared with healthy group. b. There was no significance for miR-15a-5p expression in bilateral
temporal patients compared with unilateral temporal patients. c. There was no significance for miR-15a-5p expression in mesial sclerosis patients

compared with no abnormality patients. *** P < 0.001

Besides, similar result was also observed in no abnormality
and mesial sclerosis groups (P > 0.05, Fig. 1c). These data
indicated that miR-15a-5p expression did not vary from
different subgroups of TLE patients.

The diagnostic value analysis of serum miR-15a-5p for
TLE

A ROC curve was conducted to calculate the diagnostic
value of serum miR-15a-5p for TLE. As shown in Fig. 2,

the area under the curve (AUC) for miR-15a-5p was
0.908, with a sensitivity of 82.5% and specificity of 88.1%
at the cutoff value of 1.650. These data revealed that
miR-15a-5p might be a sensitive biomarker to distin-
guish TLE patients from healthy individuals.

Expression level of miR-15a-5p in TLE cell model
The TLE cell model was established to explore the ex-
pression level of miR-15a-5p in vitro. To mimic TLE
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Fig. 2 A receiver operating characteristic ROC curve was conducted to calculate the diagnostic value of serum miR-15a-5p for TLE. The area
under the curve (AUC) for miR-15a-5p was 0.908, with a sensitivity of 82.5% and specificity of 88.1% at the cutoff value of 1.650
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Fig. 3 To mimic TLE condition in children, primary hippocampal cells were collected from newborn rats, and cultured in the magnesium-free
medium for 3 h to establish TLE cell model. The expression level of miR-15a-5p was decreased significantly in hippocampal cells treated in

No Mg**

condition in children, primary hippocampal cells were
collected from newborn rats, and cultured in the
magnesium-free medium for 3 h. As shown in Fig. 3,
compared with the control group, the expression level of
miR-15a-5p was decreased significantly in hippocampal
cells treated in magnesium-free medium (P < 0.001).

Effects of miR-15a-5p on cell viability and apoptosis

To explore the role of miR-15a-5p in children with TLE,
cell transfection was performed to regulate the expres-
sion level of miR-15a-5p in hippocampal cells. The over-
expression efficiency was examined by using qRT-PCR,
and the results suggested that transfection of miR-15a-
5p mimic lead to a remarkable increase in the expression
level of miR-15a-5p (Fig. 4a, P < 0.001). It was found that

compared with the control group, the viability of hippo-
campal cells treated in the magnesium-free medium was
significantly reduced, while the cell apoptosis was
remarkably increased (P <0.001). As shown in Fig. 4b,
transfection with miR-15a-5p mimic significantly attenu-
ated TLE-induced reduction for cell viability (P < 0.001).
Additionally, overexpression of miR-15a-5p also attenu-
ated TLE-induced cell apoptosis (Fig. 4b, P < 0.001).

Discussion

TLE is one of the most common and intractable forms of
epilepsy, which is characterized by recurring seizures due
to abnormal neuronal excitability, usually starting in child-
hood. It has been proved that brain may be at greater risk
for epilepsy attack early in life, and the mechanism for the
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Fig. 4 The effect of miR-15a-5p on the viability and apoptosis of hippocampal neuron. a. Transfection of miR-15a-5p mimic lead to a remarkable
increase in the expression level of miR-15a-5p. b. The viability of hippocampal cells treated in the magnesium-free medium was significantly
reduced which was reversed by miR-15a-5p mimic transfection. c. The cell apoptosis of hippocampal cells treated in the magnesium-free
medium was significantly increased, overexpression of miR-15a-5p attenuated TLE-induced cell apoptosis. *** P < 0.001, compared with control
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occurrence of epilepsy in immature brain is different from
that in the adult brain [17, 18]. As a result of its complex
and nonspecific clinical manifestations, TLE is easy to be
misdiagnosed or missed [19, 20]. Recently, EEG and neu-
roimaging have been widely used in the clinical diagnosis
of epilepsy which are important auxiliary ways, but the
definite diagnosis is primarily according to a detailed
examination of clinical manifestations and a thorough
medical history. Therefore, biomarkers may contribute to
the accurate clinical diagnosis of epilepsy.

As a result of being stabile in serum, economical, rapid
and noninvasive, a number of miRNAs have been identi-
fied as potential diagnostic tools for many diseases, in-
cluding neurodegenerative disorders, such as Parkinson’s
disease and Alzheimer’s disease [5, 6]. The levels of cer-
tain miRNAs have been reported to be altered in the
blood of epilepsy patients, such as miR-106b-5p, miR-
130a-3p, and miR-146a-5p, and their diagnostic value
for epilepsy has also been confirmed [10]. In the present
study, the serum expression level of miR-15a-5p was de-
termined to be decreased in children with TLE. Consist-
ently, the dysregulation of miR-15a-5p has been
reported in adult epilepsy patients by Wang et al. [10].
Additionally, miR-15a-5p is also reported to be down-
regulated in patients with Alzheimer’s disease, which
shows a remarkable correlation with the occurrence of
epilepsy [11, 12]. These data all suggest the important
role of miR-15a-5p in the pathogenesis of neurological
disorders, supporting our present results.

Accumulated evidence strongly supports the clinical
significance of miR-15a-5p in different types of human
diseases. For example, Ramzan et al. have reported that
miR-15a-5p is differentially expressed in patients with
metabolic syndrome (MetS) compared to healthy indi-
viduals, and it is identified as a predictive biomarker for
MetS [21]. In acute coronary syndrome (ACS) patients,
miR-15a-5p is identified to be at low expression level in
patients with ST-segment elevated myocardial infarction
(STEMI), and has relatively high discriminatory power
for STEMI patients [22]. Another study on colorectal
cancer has also suggested that miR-15a-5p is upregu-
lated in tumor compared to normal mucosae, and ex-
hibit dramatic diagnostic value [23]. Clinically, the
diagnostic value of miR-15a-5p for TLE was also
assessed in TLE children. It was noted that miR-15a-5p
was of great value for the diagnosis of TLE in children,
with high specificity and sensitivity. We concluded that
circulating miR-15a-5p may serve as a promising bio-
marker for the diagnosis of TLE in children. However,
correlation of the expression levels of miR-15a-5p with
long-term disease of TLE patients was not detected in
the current study. In the future, further researches are
needed to explore the clinical value of miR-15a-5p for
the evolution of TLE.
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The present study further explored the effect of miR-
15a-5p on the biological function of hippocampal
neuron. To mimic TLE condition in children, primary
hippocampal cells were collected from newborn rats,
and cultured in the magnesium-free medium for 3 h. It
was noted that the expression level of miR-15a-5p was
decreased significantly in hippocampal cells treated in
magnesium-free medium, which is consistent with the
results obtained in TLE children. The function of miR-
15a-5p in regulating cell behaviors has widely reported.
In human hepatocellular carcinoma (HCC), miR-15a-5p
is reported to be aberrantly expressed in both HCC cell
lines and clinical HCC specimens compared to controls,
and overexpression of miR-15a-5p inhibits cell prolifera-
tion [24]. Another study by Chen et al. has identified
miR-15a-5p to be a new target for osteoarthritis (OA)
diagnosis and therapy, and miR-15a-5p may be involved
in the pathogenesis of OA through regulating chondro-
cytes cell progression [25]. It is well established that cell
death occurs after epilepsy, but the mechanisms under-
lying neuronal death remain unclear [26]. In the current
study, the effect of miR-15a-5p on the cell viability and
apoptosis of hippocampal cells was further investigated,
and cell transfection was performed to regulate the ex-
pression level of miR-15a-5p in hippocampal cells. The
results demonstrated that overexpression of miR-15a-5p
significantly enhanced cell viability and inhibited apop-
tosis, which might be the potential mechanism of the in-
volvement of miR-15a-5p in the progress of children
TLE. Although we provided a novel insight on the clin-
ical and functional role of miR-15a-5p in children TLE,
further studies are needed to explore the underlying
mechanism of the involvement of miR-15a-5p in TLE.
Additionally, the current study did not explore the role
of miR-15a-5p in different types of TLE, such as neo-
plastic or non-neoplastic diseases related TLE, which
might be interesting and important for future studies.

Conclusion

Taken together, miR-105a-5p was identified to be down-
regulated in children with TLE, and overexpression of
miR-15a-5p promoted the viability and inhibited the
apoptosis of hippocampal cells. The current study pro-
vides evidence for miR-15a-5p as a promising biomarker
for the diagnosis of children TLE, and the upregulation
of miR-15a-5p may have the potential to improve the
treatment of TLE.
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