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LncRNA NEAT1 affects inflammatory response by targeting miR-129-5p and
regulating Notch signaling pathway in epilepsy
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ABSTRACT
It is crucial to understand the molecular mechanisms involved in epileptogenesis. This study aims
to investigate the role of lncRNA NEAT1, miR-129-5p and Notch signaling pathway in epilepsy. In
this research, temporal lobe tissues were collected from patients with epilepsy and healthy
controls. The CTX-TNA cells were treated with IL-1β to establish as epilepsy cell model, which
were then manipulated the expression level of NEAT1, miR-129-5p and Notch1 to investigate their
roles in the epilepsy progression. The expression levels of RNA and protein in temporal lobe
tissues and epilepsy cell model were determined by RT-qPCR, western blotting or ELISA, respec-
tively. MTT assay was utilized to analyze the cell viability. Dual-luciferase reporter assay was used
to explore the interaction relationship between lncRNA NEAT1, miR-129-5p and Notch1. Silencing
NEAT1 significantly reduced the expression levels of IL-6, COX-2 and TNF-α in epilepsy cell model.
The overexpression of NEAT1 suppressed the expression level of miR-129-5p. Inhibiting
miR-129-5p significantly increased the expression of IL-6, COX-2, TNF-α and Notch1.
Furthermore, the expression levels of IL-6, COX-2 and TNF-α were increased after overexpressing
Notch1 in miR-129-5p mimics-treated cells. The expression levels of Notch1, JAG1, and HES1 were
decreased after transfecting with sh-NEAT1. However, compared with sh-NEAT1 group, the
expression levels of Notch1, JAG1, HES1, IL-6 and TNF-α were reversed by miR-129-5p inhibition
or Notch1 overexpression. The present study verified that lncRNA NEAT1 affected inflammatory
response of epilepsy by suppressing miR-129-5p and further regulating Notch signaling pathway
in IL-1β-induced epilepsy cell model.

Abbreviations: CNS: Central nervous system; lncRNAs: Long noncoding RNAs; NEAT1: Nuclear-
enriched abundant transcript 1; miRNAs: MicroRNAs; ATCC: American Type Culture Collection;
DMEM: Dulbecco’s Modified Eagle Medium; FBS: Fetal bovine serum; ELISA: Enzyme-linked immu-
nosorbent assay; RT-qPCR: Reverse transcription-quantitative polymerase chain reaction; SD:
Standard deviation; ANOVA: Analysis of variance; LPS: Ligand lipopolysaccharide; GLO1:
Glyoxalase I
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1. Introduction

Epilepsy is a general chronic neurologic disorder
disease, which affects over 50 million people
worldwide [1]. Epilepsy is triggered by over dis-
charge due to the neuronal abnormality in
a certain specific area of the brain [2]. The typical
clinical features are the recurrent disturbance of
consciousness and the generalized or localized
muscle spasms and convulsions [3]. A recent
study reports that inflammatory dysregulation is
the pathological feature in the central nervous
system (CNS) diseases, including epilepsy [4].
Astrocytes are richly present in the epileptogenic
brain, which is one of the most crucial type of glial
cells leading to the neuroinflammatory response

[5]. Astrocytes can generate a variety of pro-
inflammatory mediators, including chemokines
and cytokines, which result in activation of the
innate and adaptive immune response [6]. The
candidate pathogenic factors and mechanisms of
epilepsy remain unclarified though numerous
researches contributing to study the mechanisms
of epileptogenesis [7]. Exploring the molecular
mechanism of astrocyte inflammation in epilepsy
is helpful to explain the development of epilepsy.

Studies have shown that the development and
function of the nervous system are modulated by
long non-coding RNAs (lncRNAs), and dysregu-
lated lncRNAs may contribute to disorder of the
function of brain [8]. LncRNAs are involved in the
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complex epigenetic regulation of the nervous sys-
tem [7]. Donato et al. demonstrated that non-
coding RNAs targeting host genes involved in
several biochemical pathways which are related to
compromised response to synaptic impairment of
retinal neurotransmission, impairment of the
interphotoreceptor matrix and, blood-retina bar-
rier [9]. As previously described, overexpression of
lncRNA TUSC7 inhibited microglial activation
and the expression of inflammatory factors in
microglia cells by regulating miR-449a/PPAR-γ
[10]. Jang et al. [11] reported that the dysregulated
lncRNAs might be potential therapeutic targets for
the regulation of epilepsy in rat model. It was
reported that lncRNA H19 contributed to the acti-
vation of hippocampal astrocytes and microglia
cells, as well as the inflammatory response in epi-
leptic rats [12]. NEAT1 (nuclear-enriched abun-
dant transcript 1) is the lncRNA that exhibits high
level in the brain [13]. Feifei Zhang et al. [14]
found that the expressions of inflammatory che-
mokines and cytokines were regulated by NEAT1
in systemic lupus erythematosus via the MAPK
pathway. This research indicated that lncRNA
NEAT1 was one of the lncRNAs associated with
inflammation, but there were few studies on
NEAT1 in epilepsy and its regulation mechanism
is still unclear.

It has been demonstrated that astrocytes also
produce a series of microRNAs (miRNAs), which
can regulate the inflammatory pathways related to
various neurological disorders, including epilepsy.
Marek Rajman et al. [15] found that inhibition of
miR-129-5p in vitro prevented synaptic contrac-
tion and reduced the severity of seizures in vivo.
Studies also showed that miR-129 could regulate
Notch signaling pathway in the pathogenesis of
many cancers, but the effect of Notch signaling
pathway on inflammation in epilepsy is rarely
reported [16,17]. The Notch signaling pathway is
related to a variety of diseases in the nervous,
immune and cardiovascular systems, which is an
evolutionarily highly conserved pathway [18].
Yushuang Li et al. [19] indicated that neurogenesis
during epileptogenesis was enhanced by HIF-1α-
Notch signaling pathway and neurogenesis was
reduced once this pathway was blocked in acute
epilepsy.

In the present study, we found the expression
level of NEAT1 was markedly increased in the
hippocampal neurons of epilepsy patients. Thus,
we investigated the role of NEAT1 in epilepsy, as
well as examined the function of miR-129-5p and
Notch signaling pathway in epilepsy model
in vitro. We also reveal the regulation mechanism
of NEAT1, miR-129-5p and Notch signaling path-
way in the occurrence of epilepsy and provide
a potentially viable new direction and target for
epilepsy clinical treatment.

2. Materials and methods

2.1. Preparation of tissues

Surgical resection specimens from clinical patients
were performed from Xiangya Hospital (Changsha,
Hunan, China) in patients undergoing neurological
surgery, including six patients with epilepsy and six
healthy controls. Patients with epilepsy had a age
of 21 ~ 45 years and included 2 males and 4 females.
Epilepsy was diagnosed according to standard pro-
posed by the International League Against Epilepsy
(ILAE). No patients were received antiepileptic
drugs before surgery. Healthy controls were acquired
from patients who required craniocerebral surgery
resulting from the severe traumatic brain injury.
Healthy controls had an age of 18 ~ 45 years and
included 3 males and 3 females. None of the patients
in the control group had a history of seizures or
epilepsy. Normal temporal lobe tissues and temporal
lobe tissues in epilepsy patients were collected from
these samples. Tissue collection and manipulation
were authorized by the Ethics Committee of
Xiangya Hospital. Informed consents were collected
from all subjects.

2.2. Cell culture

The CTX-TNA astrocyte cell line was obtained
from the American Type Culture Collection
(ATCC), which is derived from the cerebral cortex
of healthy newborn SD rats and retained the typical
features of type I astrocytes. The cells were cultured
using DMEM (Dulbecco’s Modified Eagle Medium,
Gibco, Carlsbad, CA, USA) complete medium with
10% fetal bovine serum (FBS, Invitrogen, Carlsbad,
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USA), 100 U/ml penicillin and streptomycin and
treated with 10 ng/mL of IL-1β (PeproTech, USA)
for 24 h.

2.3. Plasmid construction and cell transfection

The pcDNA3.1-NEAT1 and pcDNA3.1-Notch1 vec-
tors were established by Invitrogen (USA). The
shRNA against NEAT1 plasmid (sh-NEAT1) were
devised and synthesized by Vigenebio (Maryland,
USA). MiR-129-5p mimics, miR-129-5p inhibitor
and their negative controls (NC) were synthesized
by GenePharma Co. Ltd. (Shanghai, China). The
CTX-TNA cell line was seeded in six-well plates
with the density of 1 × 106 cells per well, then cells
were disposed with IL-1β (10 ng/mL) for 24 h, which
was established as the cell model of epilepsy. Cell
transfections were carried out in CTX-TNA cells
with Lipofectamine 3000 reagent (Invitrogen)
according to the manufacturer’s instructions. After
48 h of transfection, RT-qPCR analysis or western
blot analysis was used to verify transfection
efficiency.

2.4. Total RNA isolation and RT-qPCR

Total RNA was isolated from temporal lobe tissues
and normal control tissues as well as CTX-TNA cells
using Trizol reagent (Invitrogen) according to the
standard procedures. After reverse transcription of
total RNA by using a cDNA Reverse Transcription
Kit (Applied Biosystems), we obtained the cDNA.
The expression levels of lncRNA NEAT1,
miR-129-5p, Notch1, JAG1, HES1 and inflamma-
tory cytokines IL-6, COX-2, TNF-α were measured
using Applied Biosystems 7500 Real Time PCR
System (Applied Biosystems) with a SYBR Green
QPCR Master Mix (Invitrogen). The results were
normalized to the expression levels of GAPDH or
U6 snRNA using the 2−ΔΔCt method for quantifica-
tion. Primers were devised and produced by Sangon
Biotech (Shanghai, China).

2.5. Western blot analysis

The details of western blot assay were performed as
previously described [20]. In brief, CTX-TNA cells
were lysed with RIPA buffer (Sigma-Aldrich). The
protein concentrations were determined using BCA

protein quantitation kit (Thermo Fisher Scientific,
Waltham, MA, USA). Thirty micrograms proteins
were subjected to SDS-PAGE and then transferred to
PVDF membranes (Roche, Basel, Switzerland).
Membranes were blocked with 5% nonfat milk
for 1 h, and incubated with primary antibodies
against Notch1 (Abcam, 1:500), JAG1 (Abcam,
1:500), HES1 (Abcam, 1:500) and GAPDH
(Abcam, 1:1000) overnight at 4°C. The membranes
were washed three times with wash buffer prior to
incubation with horseradish peroxidase-conjugated
secondary antibody (Abcam, 1:2000) for 1 h at room
temperature. The protein bands were visualized
using Immobilon Western Chemiluminescent HRP
substrate (Millipore, Burlington, MA, USA). The
proteins were quantified using Quantity One soft-
ware (Bio-Rad Laboratories, Inc., Hercules,
CA, USA).

2.6. MTT assay

The cell viability was evaluated by the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay. CTX-TNA cells
(4 × 103 cells/well) were plated in 96-well plates
for growth of 24 h. The medium was removed, and
MTT solution was added to the culture medium
and incubated at 37°C for 4 h. Then, optical den-
sity (OD) values were measured at 490 nm using
a Multlskan Mk3 microplate reader (Thermo
Fisher, Waltham, MA, USA) [21].

2.7. Enzyme-linked immunosorbent assay
(ELISA)

The expression levels of COX-2, TNF-α and IL-6
in the tissues and cell culture supernatant were
measured according to the manufacturer’s instruc-
tions by ELISA kits (Thermo Fisher Scientific,
USA). A spectrophotometer was used to read the
absorbance of each well at 450 nm, and the con-
tents of each well were calculated using a standard
curve.

2.8. Dual-luciferase reporter assay

The interaction relationships between NEAT1 and
miR-129-5p, Notch1 and miR-129-5p were detected
by using dual-luciferase reporter assay. To construct
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dual-luciferase reporter plasmids, the predicted
binding sequence of miR-129-5p in lncRNA
NEAT1 (NEAT1-WT) or Notch1 3ʹUTR (Notch1-
WT) and their mutated sequence (NEAT1-MUT
and Notch1-MUT) were separately cloned into
pmirGLO vector (Promega, Madison, WI, USA).
For luciferase assay, CTX-TNA cells were transfected
with above constructs and co-transfected with
mimics NC or miR-129-5p mimics (GenePharma,
Shanghai, China). After incubated for 48 h at 37°C,
cells were harvested, and then Firefly and Renilla
luciferase activities were measured using the Dual-
Glo® Luciferase Assay System (Promega) according
to the manufacturer’s direction. Measurements were
performed on a microplate reader. The relative fire-
fly luciferase activity was calculated by normalizing
to renilla luciferase activity [22].

2.9. Statistical analysis

All experiments were repeated at least for three
times, which referred to biological replicates. Data
were analyzed with Prism 6.0 (GraphPad Software,
Inc.) and were shown as mean ± SD (standard

deviation). Comparison between two groups was
performed using the Student’s t test. Comparison
among three or more groups was conducted using
one-way analysis of variance (ANOVA) followed
by Tukey’s post hoc test. p< 0.05 was considered
statistically significant.

3. Results

3.1. NEAT1 expression is increased in epilepsy
patients

To explore the role of NEAT1 in epilepsy patients,
we detected the expression level of NEAT1 in the
temporal lobe tissues obtained from six epilepsy
patients and six normal controls. RT-qPCR assay
was utilized to detect the expression level of
NEAT1 (Figure 1(a)). Compared with the normal
controls, the epilepsy patients group showed
increased NEAT1 level. And the expression levels
of IL-6, IL-1β and TNF-α were measured by
ELISA. As shown in Figure 1(b–d), compared
with normal tissues, epilepsy patients’ tissues had
high levels of IL-6, IL-1β and TNF-α, this

Figure 1. NEAT1, IL-6, IL-1β and TNF-α expression levels are increased in epilepsy patients.
(a). Altered expression of lncRNA NEAT1 was measured by RT-qPCR in temporal lobe tissues of epilepsy patients and normal controls.
(b). Protein level of IL-6 detected by ELISA in temporal lobe tissues of epilepsy patients and normal controls. (c). Protein level of
TNF-α detected by ELISA in temporal lobe tissues of epilepsy patients and normal controls. (d). Protein level of IL-1β detected by
ELISA in temporal lobe tissues of epilepsy patients and normal controls. n = 6, **p < 0.01 and ***p < 0.001.
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indicated that inflammatory response may be
involved in the progression of epilepsy.

3.2. NEAT1 regulates the expression level of
inflammatory factors and cell viability

To prove the function of NEAT1 in the produc-
tion of inflammatory cytokines, we silenced
NEAT1 via sh-NEAT1 and overexpressed
NEAT1 with pcDNA3.1-NEAT1 vector in CTX-
TNA astrocyte cells. As indicated in Figure 2(a),
the mRNA levels of IL-6, COX-2 and TNF-α
were measured by RT-qPCR, silencing NEAT1
significantly attenuated mRNA levels of IL-6,
COX-2 and TNF-α. However, overexpressing
NEAT1 significantly increased the mRNA levels
of IL-6, COX-2 and TNF-α. These results indi-
cated that NEAT1 could regulate the expression
of inflammatory factors in astrocytes. To further
explore the role of NEAT1 in cell viability, we
performed the MTT assay. Compared with nega-
tive control groups, the cell viability of the
pcDNA3.1-NEAT1-transfected cells was signifi-
cantly lessened, while the cell viability of sh-
NEAT1-transfected cells was significantly
increased (Figure 2(b)). We concluded that
NEAT1 increased the expression levels of
inflammatory factors (IL-6, COX-2 and
TNF-α), also inhibited cell viability in epilepsy.

3.3. NEAT1 targets the expression of miR-129-5p

Researches indicated that NEAT1 was associated
with inflammation, but there were few studies on
NEAT1 in epilepsy and its regulation mechanism
is still unclear [11]. Firstly, we determined the
expression level of miR-129-5p in the model cells
and normal astrocytes, as shown in Figure 3(a), the
expression of miR-129-5p was decreased in the
model cells compared with normal astrocytes.
Next, we used bioinformatics software to predict
the binding sites of NEAT1 and miR-129-5p,
which was indicated in Figure 3(b). In Figure 3
(c), in the experiment of transfecting the recombi-
nant vector plasmid NEAT1-WT, the luciferase
activity of the miR-129-5p mimics group was sig-
nificantly decreased compared with the mimics
NC group. In the experiment of transfecting the
recombinant vector plasmid NEAT1-MUT, there
was no difference in the expression of luciferase
activity in each group. We also utilized RT-qPCR
to study the expression level of miR-129-5p in
after silencing or overexpression NEAT1, which
is shown in Figure 3(d). There expression level of
miR-129-5p was induced in the sh-NEAT1 group,
and was decreased in pcDNA3.1-NEAT1 group.
These results indicated that the differentially
expressed level of miR-129-5p was regulated by
NEAT1, which was involved in the progression
of epilepsy.

Figure 2. NEAT1 regulates the expression level of inflammatory factors and cell viability.
(a). Altered expression levels of IL-6, COX-2 and TNF-α measured by RT-qPCR. (b). Cell viability measured by MTT assay. *p < 0.05,
**p < 0.01 and ***p < 0.001.
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3.4. MiR-129-5p affects the expression of
inflammatory cytokines and cell viability in
astrocytes

To indicate the function of miR-129-5p in
inflammatory cytokines production, we silenced
miR-129-5p with miR-129-5p inhibitor and
overexpressed miR-129-5p with miR-129-5p mimics
in CTX-TNA cells. In Figure 4(a), the mRNA levels
of IL-6, COX-2 and TNF-α were measured by RT-
qPCR, silencing miR-129-5p significantly increased
the expression of IL-6, COX-2 and TNF-α. However,
miR-129-5p mimics significantly decreased the
expression levels of IL-6, COX-2 and TNF-α. These
results indicated that miR-129-5p could regulate the
expression levels of inflammatory factors in astro-
cytes. After culture for 48 h, the cell viability was
dramatically reduced by miR-129-5p inhibitor, how-
ever, it was significantly increased by miR-129-5p
mimics (Figure 4(b)).

3.5. MiR-129-5p regulates the notch signaling
pathway

Studies have shown that miR-129 can regulate
Notch signaling pathway in the pathogenesis of
many cancers [16,17], we explored the relationship
between miR-129-5p and Notch1 in epilepsy.
Firstly, we explored the mRNA level of Notch1
in the model cells and normal astrocytes using RT-
qPCR, the expression of Notch1 was dramatically
increased in epilepsy compared with normal astro-
cytes, as shown in Figure 5(a). Next, binding sites
of miR-129-5p and Notch1 were predicted by
bioinformatics software, which is shown in
Figure 5(b). The luciferase activity of the miR-
129-5p mimics group was dramatically decreased
compared with the mimics NC group in wild-type
cells, whereas it did not affect the luciferase activ-
ity of mutated Notch1 (Figure 5(c)). We also uti-
lized RT-qPCR to study the expression level of

Figure 3. NEAT1 targets the expression of miR-129-5p.
(a). Detection of miR-129-5p expression in model cells and normal cells by RT-qPCR. (b). Analysis of binding sites of NEAT1 and miR-
129-5p using bioinformatics software. (c). Analysis of the relationship between NEAT1 and miR-129-5p in astrocytes by dual-
luciferase reporter assay. (d). RT-qPCR was used to detect the expression of miR-129-5p after silencing or overexpression NEAT1 in
model cells. *p < 0.05, **p < 0.01 and ***p < 0.001.
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Notch1 in miR-129-5p mimics and miR-129-5p
inhibitor groups, which is shown in Figure 5(d).
The expression level of Notch1 in the miR-129-5p

mimics group was decreased compared with
mimics NC group, while it was increased in the
miR-129-5p inhibitor group compared with

Figure 5. MiR-129-5p regulates the Notch signaling pathway.
(a). Detection of Notch1 expression in model cells and normal cells by RT-qPCR. (b). Analysis of binding sites of miR-129-5p and
Notch1 using bioinformatics software. (c). Analysis of the relationship between miR-129-5p and Notch1 in astrocytes by dual-
luciferase reporter assay. (d). The expression of Notch1 in mimic NC, miR-129-5p mimics, inhibitor NC and miR-129-5p inhibitor
groups measured by RT-qPCR. **p < 0.01 and ***p < 0.001.

Figure 4. MiR-129-5p affects the expression of inflammatory cytokines in astrocytes and cell viability.
(a). Detection of inflammatory factors IL-6, COX-2 and TNF-α by RT-qPCR. (b). Cell viability measured by MTT assay. *p < 0.05,
**p < 0.01 and ***p < 0.001.
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inhibitor NC group. These results indicated that
miR-129-5p can regulate the pathway of Notch1.

3.6. MiR-129-5p regulates inflammatory
response via the notch signaling pathway

Then, we explored the relationship between miR-
129-5p, Notch signaling pathway and inflamma-
tory factors in epilepsy. The CTX-TNA cells were
treated with IL-1β to set as epilepsy cell model,
and they were transfected with miR-129-5p
mimics or miR-129-5p inhibitor, and divided
into four groups: mimics NC, miR-129-5p mimics
and inhibitor NC, miR-129-5p inhibitor. Firstly,
we explored the mRNA levels of JAG1 and
HES1, and the protein levels of Notch1, JAG1
and HES1 in the astrocytes with differentially
expressed miR-129-5p using RT-qPCR and wes-
tern blotting, respectively (Figure 6(a,b)). It
showed that miR-129-5p mimics down-regulated
mRNA expression levels of JAG1 and HES1, while
miR-129-5p inhibitor increased the expression

levels of JAG1 and HES1 (Figure 6(a)). In
Figure 6(b), miR-129-5p mimics decreased the
protein levels of JAG1, HES1 and Notch1, but
these protein levels were increased in the miR-
129-5p inhibitor group. Next, we utilized RT-
qPCR to determine the expression levels of
IL-6, COX-2 and TNF-α in mimics NC,
miR-129-5p mimics and miR-129-5p mimics
+pcDNA3.1-Notch1 groups, which are shown in
Figure 6(c). The expression levels of IL-6, COX-2
and TNF-α in the miR-129-5p mimics group were
decreased, while they were increased in miR-129-
5p mimics+pcDNA3.1-Notch1 group. To further
study the role of miR-129-5p and Notch signaling
pathway in cell viability, we performed the MTT
assay. Our data showed that the cell viability was
increased by miR-129-5p mimics as compared
with the mimics NC, while was decreased in
miR-129-5p mimics+pcDNA3.1-Notch1 group
compared with miR-129-5p mimics group
(Figure 6(d)). Taken together, these results indi-
cated that miR-129-5p affected the inflammatory

Figure 6. MiR-129-5p regulates cell inflammation via the Notch pathway.
(a). The expression levels of JAG1 and HES1 measured by RT-qPCR. (b). The protein expression of Notch1, JAG1, HES1 measured by
Western blotting. (c). Detection of inflammatory factors IL-6, COX-2 and TNF-α by RT-qPCR in mimics NC, miR-129-5p mimics and
miR-129-5p mimics +pcDNA3.1-Notch1 groups. (d). Cell viability measured by MTT assay. *p < 0.05, **p < 0.01 and ***p < 0.001.
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response of epilepsy through Notch1 signaling
pathway, which further affected cell viability.

3.7. NEAT1 regulates inflammatory response via
miR-129-5p affecting notch signaling pathway

The CTX-TNA cells were treated with IL-1β to set
as epilepsy model in vitro, and they were
divided into four groups: sh-NC, sh-NEAT1, sh-
NEAT1+ miR-129-5p inhibitor and sh-NEAT1+
pcDNA3.1-Notch1. In Figure 7(a), the mRNA
level of Notch1 was measured by RT-qPCR, the
expression level of Notch1 in sh-NEAT1 group
was decreased compared with sh-NC group.
However, the expression level of Notch1 was
increased after miR-129-5p inhibition or Notch1
overexpression. This suggested that NEAT1 regu-
lated Notch signaling pathway by targeting miR-
129-5p. The protein levels of Notch1, JAG1 and
HES1 in the epileptic astrocytes with different

treatments were tested using western blotting.
The protein levels of JAG1, HES1 and Notch1
were decreased in sh-NEAT1 group, while were
increased in sh-NEAT1+ miR-129-5p inhibitor
or sh-NEAT1+ pcDNA3.1-Notch1 groups com-
pared with sh-NEAT1 group (Figure 7(b)). And
the protein levels of IL-6 and TNF-α were further
measured by ELISA. The expression levels of
IL-6 and TNF-α in sh-NEAT1 group were
decreased. However, compared with sh-NEAT1
group, the expression levels of IL-6 and TNF-α
were increased in sh-NEAT1+ miR-129-5p inhibi-
tor or sh-NEAT1+ pcDNA3.1-Notch1 groups
(Figure 7(c)). To further study the role of
NEAT1, miR-129-5p and Notch signaling pathway
in cell viability, we performed the MTT assay.
Our data showed that, following the culture for
48 h, the cell viability was clearly increased in
sh-NEAT1-transfected cell as compared with
sh-NC group. Nevertheless, the cell viability was

Figure 7. NEAT1 regulates inflammatory response via miR-129-5p affecting Notch pathway.
(a). The mRNA level of Notch1 measured by RT-qPCR. (b). The protein expression of Notch1, JAG1, HES1 measured by Western
blotting. (c). Detection of inflammatory factors IL-6 and TNF-α by ELISA. D. Cell viability measured by MTT assay. *p < 0.05,
**p < 0.01 and ***p < 0.001.
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decreased in sh-NEAT1+ miR-129-5p inhibitor
or sh-NEAT1+ pcDNA3.1-Notch1 groups
(Figure 7(d)). It indicated that NEAT1 affected
the Notch signaling pathway via miR-129-5p,
which in turn affected the cell viability of astro-
cytes in epilepsy.

4. Discussion

Epilepsy is caused by aberrantly hypersynchronous
electrical discharges in brain neurons, which is
clinically characterized with symptom of transient
dysfunction in CNS [23]. Repeated episodes gen-
erally result in damage or even necrosis of brain
neurons, which leads to the proliferation of astro-
cytes and the plasticity of brain function and in
turn irritates seizures. The abovementioned circu-
latory plight is the main cause of epilepsy, which
places a heavy burden on families and society [24].
Peripheral inflammation is associated with epi-
lepsy susceptibility or epilepsy, and inflammation
can exacerbate seizure frequency in patients with
epilepsy [25,26]. Animal models have also shown
similar association, in many epilepsy models, per-
ipheral injection of the toll-like receptor 4 ligand
lipopolysaccharide (LPS) [27] can accelerate epi-
leptogenesis or enhance epilepsy-induced damage.
This study investigated the expression of lncRNA
NEAT1, miR-129-5p and Notch signaling pathway
in epilepsy, and explored the interaction and reg-
ulatory relationships between them. We found that
lncRNA NEAT1 regulated the Notch signaling
pathway by inhibiting the expression of
miR-129-5p, thereby inhibiting inflammatory
response caused by epilepsy, and providing a new
strategy for the treatment of epilepsy.

It has been noted that the disorder of lncRNA is
related to the process of epilepsy. Microarray ana-
lysis showed that 279 lncRNAs were significantly
misregulated in the epilepsy (kainite) mouse
model induced by rutin, providing new insights
into the potential treatment based on
lncRNAs [28]. The lncRNA NEAT1 is critical for
formation of mysterious subnuclear domains
called paraspeckles, which are present in all mam-
malian cells. The role of NEAT1 played in many
kinds of cancers was fully reported, but the func-
tion of NEAT1 in epilepsy was poorly understood.
Pavel Katsel et al. [29] reported that NEAT1 was

related to the oligodendrocytes function including
myelination and dysregulation of NEAT1 had par-
ticular correlation with schizophrenia. Zhang
et al. [30] suggested that NEAT1 might represent
a therapeutic target for inflammasome-associated
diseases, by enhancing the activation of NLRP3
and NLRC4 inflammasomes and promoting pyr-
optosis in vivo. Lei Wu et al. [31] reported that
Notch signaling played a key role in neuroinflam-
mation and inflammation-related neuronal
damage in epilepsy. In view of the NEAT1 has
been proved to modulate human neuronal activity,
we performed this study to investigate its role in
epilepsy. We firstly explored the expression level of
NEAT1 and found that it was increased in tem-
poral lobe tissues of epilepsy patients. This sug-
gested that the NEAT1 was not normally
expressed in epilepsy patients. To further research
the relationship between NEAT1 and inflamma-
tory factors, we utilized RT-qPCR to examine the
expression levels of IL-6, COX-2 and TNF-α and
used MTT assay to study the cell viability.
Silencing NEAT1 significantly attenuated mRNA
levels of IL-6, COX-2 and TNF-α. We concluded
that NEAT1 increased the expression levels of
inflammatory factors (IL-6, COX-2 and TNF-α),
thus inhibited cell viability in epilepsy.

MiRNAs are widely expressed in the vertebrate
brains and participates in a variety of neurodegen-
erative diseases through gene regulation [32,33].
For example, miR-124 is specifically expressed in
the brain and is an important regulator of neuro-
nal differentiation and nervous system develop-
ment, and has been shown to inhibit epileptic
seizures and regulate proteins-associated with epi-
leptic development [34]. Torabi et al. reported that
miR-455-5p acted as an anti-inflammatory role in
multiple sclerosis [35]. Donato et al. discovered
new regulative functions of miRNAs in retinitis
pigmentosa [36]. MiR-129-5p was commonly
reported to function in various cancers by modu-
lating cell proliferation, invasion and migra-
tion [37–39]. It was initially found that the
miR-129-5p was implicated in neurologic diseases
after the identification of its expression in the
ventral hippocampus, and was firstly discovered
as a new target of NEAT1 [40]. In our results, we
found that miR-129-5p was downregulated in epi-
lepsy, and NEAT1 silencing increased the
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expression level of miR-129-5p, which showed that
NEAT1 negatively regulate the expression of miR-
129-5p. The results of dual-luciferase reporter
assay and prediction of binding sites using bioin-
formatics software also indicated that there was
interaction between miR-129-5p and NEAT1.
Silencing miR-129-5p significantly increased the
expression of IL-6, COX-2 and TNF-α, and the
viability of cells was dramatically reduced by
miR-129-5p inhibitor. Also, the expression levels
of Notch1, JAG1, HES1, IL-6 and TNF-α and cell
viability of astrocytes caused by sh-NEAT1 were
reversed by miR-129-5p inhibitor. Thus, we indi-
cated that miR-129-5p might be involved in the
mechanism of inflammation and cell viability
regulated by NEAT1 in epilepsy.

Notch signal pathway modulates the differentia-
tion and proliferation of neurons [41] and themigra-
tion and excitability of mature neurons in the CNS
[42,43]. Furthermore, some evidence reported that
Notch signaling was involved in the release of proin-
flammatory cytokines in CNS [44,45]. The Notch
signaling pathway was closely related to immune
cells and the inflammatory response [46]. Notch
could enhance neuronal sensitivity to apoptosis via
modulating microglial activation and leukocyte
infltration in an ischemic stroke model [47]. In addi-
tion, Notch signaling induced microglial-mediated
brain inflammation and led to neuronal degenera-
tion in cerebral ischemia [48]. In our study, the
expression level of Notch1 in the miR-129-5p
mimics group was decreased, while it was increased
in the miR-129-5p inhibitor group. Results also indi-
cated that the expression of Notch1, JAG1 and HES1
were significantly elevated after inhibiting miR-129-
5p, which indicated that miR-129-5p could affect
Notch signaling pathway. Furthermore, the expres-
sion levels of IL-6, COX-2 and TNF-α in the miR-
129-5p mimics group were decreased, while were
rescued in miR-129-5p mimics+pcDNA3.1-Notch1
group. Cell viability was increased by miR-129-5p
mimics, while was decreased in miR-129-5p mimics
+pcDNA3.1-Notch1 group. These results demon-
strated that miR-129-5p inhibited the inflammatory
response and cell viability by regulating Notch sig-
naling pathway.

Although the novel findings have been vali-
dated in epilepsy cell model, the results of this
study may be limited due to lack of animal

experiments, which may be improved in the future
study. Besides, the role of glyoxalase I (GLO1) in
epilepsy inflammation pathway has caught our
attention. Recent studies indicated that the
increased expression of GLO1 could result in epi-
leptic seizures, for example, Tao et al. reported
that the GLO1 SNPs were significantly associated
with epilepsy [49]. Recently, GLO1 was analyzed
in relation to an important neurodegenerative
pathology, also involving inflammation pathway,
that was retinitis pigmentosa [50]. Thus, the rela-
tionship between GLO1 and epilepsy inflamma-
tion pathway may be one of our research
objectives in the future. Furthermore, in order to
extend the knowledge on non-coding RNAs in
relationship with epilepsy, we will perform the
whole transcriptomic experiment in epilepsy
patients according to the experiment reference
workflow [51].

In conclusion, the present study verified that
lncRNA NEAT1 affected inflammatory response
and cell viability by suppressing miR-129-5p and
further regulating Notch signaling pathway in
IL-1β-induced epilepsy model in vitro.
Specifically, this study clarified the mechanisms
of inflammatory response in epilepsy and provided
a hopeful strategy for the treatment of epilepsy.
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