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ABSTRACT
Objective. Epilepsy is a chronic brain disease with recurrent seizures.
Autophagy plays a crucial role in the progression of epilepsy. This study
aimed to explore the function and intrinsic mechanism of the long non-coding
RNA (lncRNA) UCA1/miR-132-3p/ATG16L1 axis in epilepsy via regulation of
autophagy.
Methods. The expression of lncRNA UCA1, miR-132-3p and ATG16L1 was
measured in serum from epileptic patients by quantitative RT-PCR. A SH-SY5Y
cell model was further constructed using retinoic acid to investigate the UCA1/
miR-132-3p/ATG16L1 axis by quantitative RT-PCR, western blotting, fluores-
cence in situ hybridisation, RNA immunoprecipitation, chromatin immunopre-
cipitation, and a dual-luciferase reporter gene assay.
Results. In the serum of epileptic patients, the level of lncRNA UCA1 and
ATG16L1 was reduced and miR-132-3p elevated, compared to controls.
Similarly, in the SH-SY5Y cell model, the level of lncRNA UCA1 and ATG16L1
was reduced and miR-132-3p elevated in retinoic acid-treated cells; lncRNA
UCA1 was mainly located in the cytoplasm. lncRNA UCA1 overexpression was
shown to promote autophagic gene expression, which was reversed by miR-
132-3p overexpression.Moreover, autophagic gene expression induced bymiR-
132-3p knockdown was reversed by ATG16L1 knockdown. Based on precipita-
tion assays, lncRNA UCA1 and miR-132-3p were shown to form a complex with
the transcription factor, EZH2, and miR-132-3p was shown to interact with
ATG16L1 based on a luciferase assay. Finally, lncRNA UCA1 was shown to
negatively regulate miR-132-3p expression, and miR-132-3p was shown to
negatively regulate ATG16L1.
Significance. In this cell model, lncRNA UCA1 promotes autophagic gene
expression via epigenetic regulation mediated by ATG16L1 and miR-132-3p.
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Epilepsy is a brain disease mainly caused by an
excessive discharge of brain neurons, which is
associated with seizures caused by paroxysmal and
self-limiting supersynchronisation of neurons, char-
acterised as paroxysmal, transient, repetitive and rigid
[1-3]. In recent years, autophagy has been confirmed
to play a role in the
occurrence and development of epilepsy and plays a
crucial role in disease progression [4]. As a potential
therapeutic target for epilepsy, autophagy has
attracted more and more attention. The treatment
of epilepsy has gradually expanded from traditional
drug therapy to surgical therapy, gene therapy, cell
transplantation, nerve stimulation and othermethods,
but the therapeutic effects of these methods are still
unsatisfactory [5]. The mechanism associated with
autophagy in epilepsy requires further elucidation
and may thus reveal new targets for diagnosing and
treating epilepsy.
Long non-coding RNAs (lncRNAs) are usually defined
as RNA molecules >200 ncleotides long [6]. lncRNA is
related to the pathogenesis of neuropsychiatric
diseases (such as epilepsy) [7, 8]. lncRNA UCA1
regulates neural progenitor cell proliferation and
differentiation in vitro [9]. Studies have found that
lncRNAUCA1 expression is decreased in epilepsy and
high expression is associated with suppression of the
development of epilepsy [8]. lncRNA UCA1 inhibits
hippocampal neuronal apoptosis through the miR-
495/Nrf2-ARE pathway, thereby inhibiting pilocarpine-
induced epileptic brain injury [10]. However, there are
few reports on the regulatory molecular mechanism
of lncRNA UCA1 in epilepsy and the effects of lncRNA
UCA1 on autophagy, which is worthy of further
investigation.
Enhancerofzestehomologue2(EZH2) isakeyregulator
of epigenetic modifications, which exerts its transcrip-
tional inhibitory function mainly by catalysing the
trimethylation of Lys27 on histone 3 (H3K27me3)
[11, 12]. MicroRNAs (miRNAs) are known to regulate
apoptosis, inflammation, autophagy, pyroptosis and
other physiological processes [13-16]. Studies have
shownthatabnormalmiRNAexpression isan important
factor in the development of epilepsy [17, 18]. miR-132
interacts with the p250GAP/Cdc42 pathway and is
related to the progression of epilepsy [19]. In addition,
miR-132 expression can be repressed by H3K27me3.
Experimentshaveconfirmedthat themiR-132promoter
region is rich in EZH2 and H3K27me3 binding sites,
suggesting that miR-132 downregulation is related to
EZH2-mediatedhistonemethylation [20]. lncRNAUCA1
interacts with EZH2 to inhibit downstream target
gene expression [21, 22]. These results indicate that
lncRNAUCA1 is an important epigenetic regulator, and
that it can interactwithEZH2,whichmediates itseffects.
It was speculated that miR-132 expression in epilepsy

might be linked to lncRNA UCA1-mediated epigenetic
regulation, however, its role in epigenetic regulation
and whether it affects autophagy in epilepsy models
have not been reported.
Autophagy-associated 16-like protein 1 (ATG16L1) is a
recombinant protein with multiple functions in autop-
hagy and related processes [23]. ATG16L1 is under-
expressed in epilepsy and ATG16L1 can activate
downstream signalling pathways, the activation of
which can promote autophagy, thus affecting the
progression of epilepsy [24]. In addition, miR-132 is
predicted to bind ATG16L1, based on Starbase.
However, whether miR-132 can affect epileptic autop-
hagy by regulating ATG16L1 expression is unknown.
In this study, based on the above background,
serum was collected from epileptic patients to
determine the levels of lncRNA UCA1, miR-132-3p
and ATG16L1, relative to controls. In addition, the
possible role of autophagy mediated by lncRNA
UCA1/miR-132-3p/ATG16L1 was explored based on
an in vitro cell model. lncRNA UCA1 was shown to
promote autophagic gene expression via epigenetic
regulation mediated by ATG16L1 and miR-132-3p.
This study highlights a promising therapeutic
strategy for epilepsy.

Materials and methods

Clinical samples

Twenty-four newly diagnosed epileptic patients and
volunteers from 2020 to 2021 were selected and serum
was collected. Patients with epilepsy were 24 to 50
years old and included nine males and 15 females. All
subjects agreed to provide the information required
for the study. Approval was obtained from The Second
Xiang Ya Hospital of Central South University Ethics
Committee before the start of the study.

Cell culture and treatment

The human neuroblastoma cell line, SH-SY5Y, was
provided by Procell (CL-0208, Wuhan, China). The
culture conditions were minimum essential medium/
F-12 containing 10% fetal bovine serum and 1%
double antibodies. SH-SY5Y cells were induced with
10 mM retinoic acid (RA) for seven days with a
magnesium-free extracellular solution to establish
an epilepsy cell model, or were cultured under the
same conditions without RA as control.

Cell transfection

oe-UCA1, miR-132-3p mimic, miR-132-3p inhibitor and
sh-ATG16L1 and the corresponding negative control
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oe-NC, mimic-NC, inhibitor-NC and sh-NC were
synthesised by Sangon Biotech (Shanghai, China).
The above were transfected into SH-SY5Y cells using
Lipofectamine 3000 (Invitrogen) reagent and later
induced or not by RA for 48 hours.

Cellular localisation of lncRNA UCA1

The nuclei and cytoplasm were isolated using PARIS
Kit (Life Technologies, Carlsbad, CA, USA) [21]
according to the manufacturer’s instructions. Quan-
titative real-time polymerase chain reaction (qRT-
PCR) was used to measure the cytoplasmic and
nuclear expression levels of lncRNA UCA1. Glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) or U1
was used as a cytoplasmic or nuclear internal
reference.

Fluorescence in situ hybridisation (FISH)

A FISH kit (BIS-P0001; Guangzhou Bersin Biotechnol-
ogyCo., Ltd., China)was used to detect the subcellular
localisation of lncRNA UCA1 and EZH2 according to a
previous report [25]. Slides were treated with digoxin-
labelled lncRNAUCA1 and EZH2 probes and observed
under a Zeiss LSM880 NLO confocal microscope
(Leica, Germany).

RNA immunoprecipitation (RIP) assay and
chromatin immunoprecipitation (ChIP)

Binding between lncRNA UCA1 and EZH2 was
examined using the EZMagna RIP kit (Millipore,
USA) according to the manufacturer’s specifications.
The precipitated RNA was analysed by qRT-PCR.
Binding of EZH2 to the miR-132-3p promoter was
determined by qRT-PCR based on a ChIP kit [26].
Different primers were used to detect EZH2 binding
sites within the promoter of the miR-132-3p gene.
Binding sites between miR-132-3p and ATG16L1 were
predicted using Starbase.

Dual-luciferase reporter gene assay

To verify the binding between miR-132-3p and
ATG16L1, a wild-type (WT) or mutant (MUT) ATG16L1
fragment was constructed and inserted into the
pmirGLO vector (Promega). The recombinant vector
was transfected into cells using Lipofectamine 3000
reagent (Thermo Fisher Scientific, USA) according to
the manufacturer’s instructions, and mimic-NC and
miR-132-3p mimic were simultaneously transferred
into cells. Finally, the Nano-GlO double-luciferase
reporting method (Promega) was used to measure
luciferase activity.

qRT-PCR

Total RNA was extracted by Trizol (15596026; Thermo
Fisher Scientific). RNA was converted to cDNA using a
reverse transcription kit (CW2569; Beijing ComWin
Biotech, China). GAPDHorU6was used as the internal
reference; primer sequences are shown in table 1.
Using 2 mg total cDNA as the template, the 2-DDCt

method was utilised to calculate the target gene level.

Western blotting

Proteins were extracted from cells and tissue using
RIPA lysis buffer (P0013B; Beyotime). Proteins were
adsorbed onto the polyvinylidene fluoridemembrane
and sealed with 5% skimmed milk solution for two
hours. Antibodies against ATG16L1 (67943-1-IG; 1:2000,
Proteintech), LC3 (18725-1-AP; 1:2000, Proteintech),
P62 (18420-1-AP; 1:2000, Proteintech) and b-actin
(66009-1-IG; 1:1000, Proteintech) were incubated
overnight at 48C. Secondary antibodies were incubat-
ed and ECL chromogenic exposure was performed. b-
Actin was used as an internal reference to detect
expression levels.

Statistical analysis

GraphPad 8.0 was used for statistical analysis. Data
were expressed as the mean � standard deviation

~Table 1. Primer sequences.

Primer name Primer sequences

lncRNA UCA1 (F) 50-CTTCTCCATTCAGACCGCCA-30

lncRNA UCA1 (R) 50-TTTGAGCTTGGAACTGCCCT-30

LC3 (F) 50-GAAGTTCAGCCACCTGCCAC-30

LC3 (R) 50-TCTGAGGTGGAGGGTCAGTC-30

SQSTM1 (F) 50-CCGCCGCTTCAGCTTCTGCT-30

SQSTM1 (R) 50-GTTCCCGCCGGCACTCCTTC-30

miR-132-3p (RT) 50-GTCGTATCCAGTGCAGGGTCC
GAGGTATTCGCACTGGATACGAC
CGACCA-30

miR-132-3p (F) 50-CGCGTAACAGTCTACAGCCA-30

ATG16L1 (F) 50-CAAGGTGGTGTTCTCTGTGC-30

ATG16L1 (R) 50-ACACATTCATGCAACCCACC-30

U6 (F) 50-CTCGCTTCGGCAGCACA-30

U6 (R) 50-AACGCTTCACGAATTTGCGT-30

GAPDH (F) 50-CCAGGTGGTCTCCTCTGA-30

GAPDH (R) 50-GCTGTAGCCAAATCGTTGT-30

lncRNA UCA1 in SH-SY5Y cells
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(SD). The Student’s t-test or one-way analysis of
variance was applied to analyse two or multiple
groups. The Pearson correlation coefficient was used
to analyse the correlation between lncRNA UCA1 and
miRNA-132-3p and between miRNA-132-3p and
ATG16L1 based on clinical samples. P < 0.05 was
considered statistically significant.

Results

Expression and localisation of lncRNA UCA1

lncRNA UCA1 expression was measured in serum
samples of epileptic patients, relative to controls;

lncRNA UCA1 expression in the epilepsy group was
lower than that in the control group (figure 1A). The
level of lncRNA UCA1 expression was also investigat-
ed in SH-SY5Y cells; the level of lncRNA UCA1 was
decreased in RA-treated cells, relative to control
(figure 1B). Based on cytoplasmic and nuclear RNA
extracts, lncRNA UCA1 was shown to mainly localise
to the cytoplasm in RA-treated cells based on FISH
(figure 1C, D).

Effect of lncRNA UCA1 overexpression on LC3 and
SQSTM1/P62 in SH-SY5Y cells

lncRNA UCA1 over-expression in RA-treated SH-
SY5Y cells was established by transfecting an
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& Figure 1. (A) qRT-PCR of lncRNA UCA1 from the serum of epileptic patients (n = 24). (B) qRT-PCR of
lncRNA UCA1 in SH-SY5Y cells with and without retinoic acid (RA). (C) qRT-PCR of lncRNA UCA1 in
cytoplasmic and nuclear extracts of RA-treated SH-SY5Y cells. (D) Localisation of lncRNA UCA1 in RA-
treated SH-SY5Y cells by FISH. (E-H) qRT-PCR of lncRNA UCA1 (E), qRT-PCR of LC3 and SQSTM1 (F, G), and
western blotting for LC3 and P62 (H) in SH-SY5Y cells over-expressing lncRNA UCA1. Data are expressed as
mean � SD (n = 3). *p < 0.05; **p < 0.01; ***p < 0.001.
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overexpression vector (figure 1E). To investigate the
effects of lncRNA UCA1 on autophagic gene expres-
sion, the levels of LC3 and SQSTM1/P62 were
measured. The level of LC3 was notably reduced in
RA-treated cells, whereas the levels of SQSTM1/P62
were increased. Over-expression of lncRNA UCA1
caused the level of LC3 to increase, whereas SQSTM1/
P62 levels were inhibited (figure 1F-H), suggesting that
lncRNA UCA1 over-expression promotes autophagy
in SH-SY5Y cells.

Expression of miR-132-3p

miR-132-3p expression was measured in serum
samples from epileptic patients. miR-132-3p levels
were increased in the serum of epileptic patients
compared to the control group (figure 2A). Further-
more, the level of lncRNA UCA1 negatively correlated
with that of miR-132-3p (figure 2G). In RA-treated

SH-SY5Y cells, miR-132-3p levels were also elevated,
compared to control (figure 2B).

Binding and localisation of EZH2

Based on FISH, lncRNAUCA1 and EZH2were localised
to the nucleus and cytoplasm of SH-SY5Y cells
(figure 2C). Based on binding assays, EZH2 protein
was shown to form a complex with lncRNA UCA1
based on RIP (figure 2D), and a complex with miR-132-
3p based on ChIP (figure 2E).

Effect of lncRNA UCA1 over-expression on miR-132-3p

The level of miR-132-3p was decreased upon over-
expression of lncRNA UCA1 and increased upon
lncRNA UCA1 knockdown (figure 2F). lncRNA UCA1
therefore negatively regulates miR-132-3p expression
which may be mediated by EZH2.
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The effect of miR-132-3p over-expression
on lncRNA UCA1-induced autophagic gene
overexpression

To study the effects of miR-132-3p on SH-SY5Y cells,
both miR-132-3p and lncRNA UCA1 were over-
expressed; whereas the level of lncRNA UCA1
increased, the level of miR-132-3p decreased after
transfection with the lncRNA UCA1 over-expression
vector. Upon transfection of miR-132-3p mimic,
whereas the level of LncRNA UCA1 was not affected,
the level of miR-132-3p increased (figure 3A, B). In
addition, the level of LC3 increased following lncRNA
UCA1 over-expression, whereas the levels of
SQSTM1/62 decreased. The effects of lncRNA UCA1
over-expression on LC3 and SQSTM1/P62 levels were
reversed by transfecting miR-132-3p mimic (figure 3C-
E). In brief, miR-132-3p over-expression could reverse
the autophagy-promoting effect in SH-SY5Y cells
caused by lncRNA UCA1 over-expression.

Expression of ATG16L1

The level of ATG16L1 was shown to be decreased in
serum from epileptic patients, compared to controls
(figure 4C). In SH-SY5Y cells, the level of ATG16L1
was also shown to be decreased in RA-treated cells
(figure 4D).

Binding between miR-132-3p and ATG16L1

Binding between miR-132-3p and ATG16L1 was
predicted based on bioinformatics, revealing a
binding site between the two (figure 4A). Dual-
luciferase reporter gene assays further verified miR-
132-3p with ATG16L1 binding. Results showed that
the fluorescence activity of cells decreased after
cotransfection with ATG16L-WT and miR-132-3p
mimic, but was not significantly changed after
cotransfection with ATG16L-MUT and miR-132-3p
mimic (figure 4B).
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The effect of miR-132-3p overexpression
on ATG16L1

Whereas the level of ATG16L1 was repressed after
miR-132-3p overexpression, it was increased in the
presence of miR-132-3p inhibitor (figure 4E, F). There
was therefore a negative correlation between the
levels of miR-132-3p and ATG16L1.

Effect of ATG16L1 knockdown on autophagic gene
expression induced by miR-132-3p knockdown in
SH-SY5Y cells

SH-SY5Y cells were cotransfected with the miR-132-3p
inhibitor and sh-ATG16L1 to observe the effects of

knockdownofbothmiR-132-3pandATG16L1,revealinga
decrease of miR-132-3p level and increase of ATG16L1
level (figure 5A, B). In addition, the level of LC3 increased
and that of SQSTM1/P62 decreased in the presence of
miR-132-3p inhibitor. However, upon simultaneous
ATG16L1 knockdown, LC3 levels were notably sup-
pressed and SQSTM1/P62 levels were remarkably
elevated (figure 5C-E), indicating that ATG16L1 knock-
down could reverse the autophagy-promoting effect in
SH-SY5Y cells induced by miR-132-3p knockdown.

Discussion

Epilepsy is mainly caused by an imbalance between
excitation and inhibition of the central nervous
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system [27]. However, current treatment options have
limited effectiveness and can cause problematic
adverse reactions. New approaches to treat epilepsy
are therefore urgently needed. In this study, the role
of the lncRNA UCA1/miR-132-3p/ATG16L1 axis was
investigated based on serum samples from patients
with epilepsy as well as an in vitro cell model. In this
epilepsy model, the results suggest that lncRNAUCA1
promotes autophagy which is mediated by ATG16L1
and epigenetic regulation by miR-132-3p. This is a
novel finding, as the role of lncRNAUCA1/miR-132-3p/
ATG16L1 in autophagy associated with epilepsy has
not previously been reported.
In our study, the level of lncRNA UCA1 decreased in
serum samples from epileptic patients and in SH-SY5Y
cells treated with retinoic acid. More and more
evidence indicates that lncRNA is closely related to
the progression of epilepsy [3, 28]. Geng et al.
reported that lncRNA UCA1 was suppressed in
epileptic hippocampal tissue and neurons. Moreover,
lncRNA UCA1 overexpression suppressed apoptosis

of hippocampal neurons by inhibiting miR-495 [10],
consistent with this study.
Our results indicate that lncRNA UCA1 overexpres-
sion promotes autophagy in SH-SY5Y cells. Autophagy
is a highly conserved degradation process that
transports dysfunctional proteins, lipids and orga-
nelles to lysosomes for degradation [26]. Autophagy is
particularly important for post-mitotic and metaboli-
cally active cells (such as neurons) [29]. Recent
findings suggest that autophagy, as an endogenous
self-cleaning pathway in mammals, may be associated
with the pathogenesis of epilepsy [30]. Hu et al.
showed that lncRNA zinc finger antisense 1 knock-
down facilitated the activity of status epilepticus in
hippocampal neurons and suppressed apoptosis and
autophagy [31].
We demonstrate also that lncRNA UCA1 forms a
complex with EZH2 and negatively regulates miR-132-
3p expression. Moreover, miR-132-3p overexpression
may reverse the autophagy-promoting effect in SH-
SY5Y cells caused by lncRNA UCA1 overexpression.
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This is the first report of the effect of lncRNA UCA1
on factors associated with autophagy in an epilepsy
cell model, indicating the role of EZH2 and epigenetic
regulation by miR-132-3p. EZH2 modulates various
differentially expressed genes in mouse models of
acquired epilepsy, and its upregulation in the
epileptic brain is considered to be protective [32].
lncRNA can act as a scaffold for various epigenetic
proteins (e.g. EZH2) [33]. For example, lncRNA
HOTAIR regulates the progression of preeclampsia
by suppressing miR-106 in an EZH2-dependent
manner [34].
Targeting key miRNAs alters brain excitability and
inhibits or exacerbates seizures, suggesting that
miRNA-based therapies have potential as a treatment
for epilepsy [35, 36]. Moreover, miR-132-3pmay be the
core molecule of tumour-induced epilepsy [37].
In this study, miR-132-3p levels were elevated and
ATG16L1 decreased in the serum of epileptic patients
and RA-treated SH-SY5Y cells, consistent with previ-
ous studies. ATG16L1 is an autophagic protein that is
poorly expressed in epilepsy patients and animal/cell
models that may promote autophagy and affect the
progression of epilepsy [24]. In a kainic acid model of
temporal lobe epilepsy, miR-223 affects microglia
autophagy through ATG16L1 [24]. miR-223 also inhibits
autophagy and facilitates central nervous system
inflammation by targeting ATG16L1 [38]. In our study,
miR-132-3p was shown to form a complex with
ATG16L1 and negatively regulate the level of ATG16L1.
Moreover, the low level of ATG16L1 reversed the
autophagy-promoting effect in SH-SY5Y cells caused
by the low level ofmiR-132-3p. This is the first report of
the possible effects of miR-132-3p on autophagy in
epilepsy, in which miR-132-3p binds to ATG16L1 and
negatively regulates its expression.
This study, however, has some limitations. This is only
a preliminary study and further animal studies are
needed to elucidate the association between a low
level of lncRNA UCA1 and epilepsy as well as the
precise regulatory mechanism of the lncRNA UCA1/
miR-132-3p/ATG16L1 axis in epileptic autophagy.
In conclusion, our results suggest that lncRNA UCA1
may promote autophagy in epilepsy mediated by
ATG16L1 through epigenetic regulation ofmiR-132-3p.
This study provides clues for further understanding
the molecular mechanism of autophagy in epilepsy
and offers new targets for treating epilepsy. &

Key points
� Overexpression of lncRNA UCA1 induces autop-
hagic gene expression in SH-SY5Y cells.

� lncRNA UCA1 forms a complex with EZH2 and
reduces the level of miR-132-3p.

� Overexpression of miR-132-3p suppresses autop-
hagic gene expression induced by overexpres-
sion of lncRNA UCA1 in SH-SY5Y cells.

� miR-132-3p forms a complex with ATG16L1.
� Knockdown of ATG16L1 suppresses autophagic
gene expression induced by miR-132-3p knock-
down in SH-SY5Y cells.

Supplementary material.
Summary slides accompanying the manuscript are available at
www.epilepticdisorders.com.

Ethics approval and consent to participate.
Ethical approval of this study was granted by the Ethical Review
Committee of the Second Xiang Ya Hospital of Central South
University.

Availability of data and material.
All data generated or analyzed during this study are included in
this article. The datasets used and/or analyzed during the current
study are available from the corresponding author on reason-
able request.

Disclosures.
The authors declare no conflicts of interest.

Funding.
This work was supported by the Scientific Research Program of
Hunan Provincial Health Commission (No.202103070765).

References

1. Osawa SI, Tominaga T. Application of optogenetics in
epilepsy research. Adv Exp Med Biol 2021; 1293: 557-62.

2. Boison D, Steinhäuser C. Epilepsy and astrocyte energy
metabolism. Glia 2018; 66(6): 1235-43.

3. Wan Y, Yang ZQ. LncRNA NEAT1 affects inflammatory
response by targeting miR-129-5p and regulating Notch
signaling pathway in epilepsy. Cell Cycle 2020; 19(4):
419-31.

4. Xie N, Li Y, Wang C, Lian Y, Zhang H, Li Y, et al. FAM134B
attenuates seizure-induced apoptosis and endoplasmic
reticulum stress in hippocampal neurons by promoting
autophagy. Cell Mol Neurobiol 2020; 40(8): 1297-305.

5. Liu G, Slater N, Perkins A. Epilepsy: treatment options. Am
Fam Physician 2017; 96(2): 87-96.

6. Wang J, Su Z, Lu S, Fu W, Liu Z, Jiang X, et al. LncRNA
HOXA-AS2 and its molecular mechanisms in human cancer.
Clin Chim Acta 2018; 485: 229-33.

7. Mirzajani S, Ghafouri-Fard S, Habibabadi JM, Arsang-Jang
S, Omrani MD, Fesharaki SSH, et al. Expression analysis of
lncRNAs in refractory and non-refractory epileptic patients. J
Mol Neurosci 2020; 70(5): 689-98.

lncRNA UCA1 in SH-SY5Y cells

Epileptic Disord, Vol. 24, No. 5, October 2022 • 925

http://www.epilepticdisorders.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=33398842
https://www.ncbi.nlm.nih.gov/pubmed/?term=33398842
https://www.ncbi.nlm.nih.gov/pubmed/?term=29044647
https://www.ncbi.nlm.nih.gov/pubmed/?term=29044647
https://www.ncbi.nlm.nih.gov/pubmed/?term=31948324
https://www.ncbi.nlm.nih.gov/pubmed/?term=31948324
https://www.ncbi.nlm.nih.gov/pubmed/?term=31948324
https://www.ncbi.nlm.nih.gov/pubmed/?term=31948324
https://www.ncbi.nlm.nih.gov/pubmed/?term=32086669
https://www.ncbi.nlm.nih.gov/pubmed/?term=32086669
https://www.ncbi.nlm.nih.gov/pubmed/?term=32086669
https://www.ncbi.nlm.nih.gov/pubmed/?term=32086669
https://www.ncbi.nlm.nih.gov/pubmed/?term=28762701
https://www.ncbi.nlm.nih.gov/pubmed/?term=28762701
https://www.ncbi.nlm.nih.gov/pubmed/?term=29981289
https://www.ncbi.nlm.nih.gov/pubmed/?term=29981289
https://www.ncbi.nlm.nih.gov/pubmed/?term=29981289
https://www.ncbi.nlm.nih.gov/pubmed/?term=31900886
https://www.ncbi.nlm.nih.gov/pubmed/?term=31900886
https://www.ncbi.nlm.nih.gov/pubmed/?term=31900886
https://www.ncbi.nlm.nih.gov/pubmed/?term=31900886


8. Yu Q, Zhao MW, Yang P. LncRNA UCA1 suppresses the
inflammation via modulating miR-203-mediated regulation
of MEF2C/NF-kB signaling pathway in epilepsy. Neurochem
Res 2020; 45(4): 783-95.

9. Diao L, Yu H, Li H, Hu Y, Li M, He Q, et al. LncRNA UCA1
alleviates aberrant hippocampal neurogenesis through
regulating miR-375/SFRP1-mediated WNT/b-catenin pathway
in kainic acid-induced epilepsy. Acta Biochim Pol 2021; 68(2):
159-67.

10. Geng JF, Liu X, Zhao HB, FanWF, Geng JJ, Liu XZ. LncRNA
UCA1 inhibits epilepsy and seizure-induced brain injury by
regulating miR-495/Nrf2-ARE signal pathway. Int J Biochem
Cell Biol 2018; 99: 133-9.

11. Duan R, Du W, Guo W. EZH2: a novel target for cancer
treatment. J Hematol Oncol 2020; 13(1): 104.

12. Li C, Chai Y, Wang L, Gao B, Chen H, Gao P, et al.
Programmed cell senescence in skeleton during late
puberty. Nat Commun 2017; 8(1): 1312.

13. Li Y, Jiang J, Liu W, Wang H, Zhao L, Liu S, et al.
microRNA-378 promotes autophagy and inhibits apoptosis
in skeletal muscle. Proc Natl Acad Sci U S A 2018; 115(46):
E10849-58.

14. Zhong G, Long H, Ma S, Shunhan Y, Li J, Yao J. miRNA-
335-5p relieves chondrocyte inflammation by activating
autophagy in osteoarthritis. Life Sci 2019; 226: 164-72.

15. Rastegar-Moghaddam SH, Ebrahimzadeh-Bideskan A,
Shahba S, Malvandi AM, Mohammadipour A. MicroRNA-
22: a novel and potent biological therapeutics in
neurological disorders. Mol Neurobiol 2022; 59(5):
2694-701.

16. Rastegar-Moghaddam SH, Ebrahimzadeh-Bideskan A,
Shahba S, Malvandi AM, Mohammadipour A. Roles of the
miR-155 in neuroinflammation and neurological disorders: a
potent biological and therapeutic target. Cell Mol Neurobiol
2022. Online ahead of print.

17. Henshall DC, Hamer HM, Pasterkamp RJ, Goldstein DB,
Kjems J, Prehn JHM, et al. MicroRNAs in epilepsy:
pathophysiology and clinical utility. Lancet Neurol 2016; 15
(13): 1368-76.

18. Alsharafi WA, Xiao B, Abuhamed MM, Luo Z. miRNAs:
biological and clinical determinants in epilepsy. Front Mol
Neurosci 2015; 8: 59.

19. Yuan J, Huang H, Zhou X, Liu X, Ou S, Xu T, et al.
MicroRNA-132 interact with p250GAP/Cdc42 pathway in the
hippocampal neuronal culture model of acquired epilepsy
and associated with epileptogenesis process. Neural Plast
2016; 2016: 5108489.

20. Lin L, Wang Z, Jin H, Shi H, Lu Z, Qi Z. MiR-212/132 is
epigenetically downregulated by SOX4/EZH2-H3K27me3
feedback loop in ovarian cancer cells. Tumour Biol 2016.
Online ahead of print.

21. Liu J, Luo C, Zhang C, Cai Q, Lin J, Zhu T, et al.
Upregulated lncRNAUCA1 inhibits trophoblast cell invasion
and proliferation by downregulating JAK2. J Cell Physiol
2020; 235(10): 7410-9.

22. Xu Z, Zuo Z, Dong D, Liu J, Tang Y, Gu Y, et al.
Downregulated lncRNA UCA1 accelerates proliferation and
migration of vascular smooth muscle cells by epigenetic
regulation of MMP9. Exp Ther Med 2020; 19(6): 3589-94.

23. Gammoh N. The multifaceted functions of ATG16L1 in
autophagy and related processes. J Cell Sci 2020; 133(20):
jcs249227.

24. He Z, Chen H, Zhong Y, Yang Q, Wang X, Chen R, et al.
MicroRNA 223 targeting ATG16L1 affects microglial autop-
hagy in the kainic acid model of temporal lobe epilepsy.
Front Neurol 2021; 12: 704550.

25. Shang A, Gu C, Wang W, Wang X, Sun J, Zeng B, et al.
Exosomal circPACRGL promotes progression of colorectal
cancer via the miR-142-3p/miR-506-3p- TGF-b1 axis. Mol
Cancer 2020; 19(1): 117.

26. Wang Q, Xu L, Zhang X, Liu D, Wang R. GSK343, an
inhibitor of EZH2, mitigates fibrosis and inflammation
mediated by HIF-1a in human peritoneal mesothelial cells
treated with high glucose. Eur J Pharmacol 2020; 880:
173076.

27. Lv M, Ma Q. Autophagy and epilepsy. Adv Exp Med Biol
2020; 1207: 163-9.

28. Zhu H, Xu H, Ma H, Luo L, Yang L, Chen F, et al. LncRNA
CASC2 inhibits astrocytic activation and adenosine
metabolism by regulating PTEN in pentylenetetrazol-
induced epilepsy model. J Chem Neuroanat 2020; 105:
101749.

29. Teinert J, Behne R, Wimmer M, Ebrahimi-Fakhari D.
Novel insights into the clinical and molecular spectrum of
congenital disorders of autophagy. J Inherit Metab Dis 2020;
43(1): 51-62.

30. Ying C, Ying L, Yanxia L, Le W, Lili C. High mobility
group box 1 antibody represses autophagy and alleviates
hippocampus damage in pilocarpine-induced mouse
epilepsy model. Acta Histochem 2020; 122(2): 151485.

31. Hu F, Shao L, Zhang J, Zhang H, Wen A, Zhang P.
Knockdown of ZFAS1 inhibits hippocampal neurons apo-
ptosis and autophagy by activating the PI3K/AKT pathway via
up-regulating miR-421 in epilepsy. Neurochem Res 2020; 45
(10): 2433-41.

32. KhanN, Schoenike B, Basu T, Grabenstatter H, Rodriguez
G, Sindic C, et al. A systems approach identifies Enhancer of
Zeste Homolog 2 (EZH2) as a protective factor in epilepsy.
PLoS One 2019; 14(12): e0226733.

33. Janaki Ramaiah M, Divyapriya K, Kartik Kumar S, Rajesh
Y. Drug-induced modifications and modulations of
microRNAs and long non-coding RNAs for future
therapy against Glioblastoma Multiforme. Gene 2020;
723: 144126.

34. Zhao YH, Liu YL, Fei KL, Li P. Long non-coding RNA
HOTAIR modulates the progression of preeclampsia
through inhibiting miR-106 in an EZH2-dependent manner.
Life Sci 2020; 253: 117668.

35. Reschke CR, Henshall DC. microRNA and epilepsy. Adv
Exp Med Biol 2015; 888: 41-70.

F. Wen, et al.

926 • Epileptic Disord, Vol. 24, No. 5, October 2022

https://www.ncbi.nlm.nih.gov/pubmed/?term=32056051
https://www.ncbi.nlm.nih.gov/pubmed/?term=32056051
https://www.ncbi.nlm.nih.gov/pubmed/?term=32056051
https://www.ncbi.nlm.nih.gov/pubmed/?term=32056051
https://www.ncbi.nlm.nih.gov/pubmed/?term=33829718
https://www.ncbi.nlm.nih.gov/pubmed/?term=33829718
https://www.ncbi.nlm.nih.gov/pubmed/?term=33829718
https://www.ncbi.nlm.nih.gov/pubmed/?term=33829718
https://www.ncbi.nlm.nih.gov/pubmed/?term=33829718
https://www.ncbi.nlm.nih.gov/pubmed/?term=29608952
https://www.ncbi.nlm.nih.gov/pubmed/?term=29608952
https://www.ncbi.nlm.nih.gov/pubmed/?term=29608952
https://www.ncbi.nlm.nih.gov/pubmed/?term=29608952
https://www.ncbi.nlm.nih.gov/pubmed/?term=32723346
https://www.ncbi.nlm.nih.gov/pubmed/?term=32723346
https://www.ncbi.nlm.nih.gov/pubmed/?term=29101351
https://www.ncbi.nlm.nih.gov/pubmed/?term=29101351
https://www.ncbi.nlm.nih.gov/pubmed/?term=29101351
https://www.ncbi.nlm.nih.gov/pubmed/?term=30373812
https://www.ncbi.nlm.nih.gov/pubmed/?term=30373812
https://www.ncbi.nlm.nih.gov/pubmed/?term=30373812
https://www.ncbi.nlm.nih.gov/pubmed/?term=30373812
https://www.ncbi.nlm.nih.gov/pubmed/?term=30970265
https://www.ncbi.nlm.nih.gov/pubmed/?term=30970265
https://www.ncbi.nlm.nih.gov/pubmed/?term=30970265
https://www.ncbi.nlm.nih.gov/pubmed/?term=35156160
https://www.ncbi.nlm.nih.gov/pubmed/?term=35156160
https://www.ncbi.nlm.nih.gov/pubmed/?term=35156160
https://www.ncbi.nlm.nih.gov/pubmed/?term=35156160
https://www.ncbi.nlm.nih.gov/pubmed/?term=35156160
https://www.ncbi.nlm.nih.gov/pubmed/?term=35107690
https://www.ncbi.nlm.nih.gov/pubmed/?term=35107690
https://www.ncbi.nlm.nih.gov/pubmed/?term=35107690
https://www.ncbi.nlm.nih.gov/pubmed/?term=35107690
https://www.ncbi.nlm.nih.gov/pubmed/?term=35107690
https://www.ncbi.nlm.nih.gov/pubmed/?term=27839653
https://www.ncbi.nlm.nih.gov/pubmed/?term=27839653
https://www.ncbi.nlm.nih.gov/pubmed/?term=27839653
https://www.ncbi.nlm.nih.gov/pubmed/?term=27839653
https://www.ncbi.nlm.nih.gov/pubmed/?term=26528124
https://www.ncbi.nlm.nih.gov/pubmed/?term=26528124
https://www.ncbi.nlm.nih.gov/pubmed/?term=26528124
https://www.ncbi.nlm.nih.gov/pubmed/?term=27579184
https://www.ncbi.nlm.nih.gov/pubmed/?term=27579184
https://www.ncbi.nlm.nih.gov/pubmed/?term=27579184
https://www.ncbi.nlm.nih.gov/pubmed/?term=27579184
https://www.ncbi.nlm.nih.gov/pubmed/?term=27579184
https://www.ncbi.nlm.nih.gov/pubmed/?term=27812929
https://www.ncbi.nlm.nih.gov/pubmed/?term=27812929
https://www.ncbi.nlm.nih.gov/pubmed/?term=27812929
https://www.ncbi.nlm.nih.gov/pubmed/?term=27812929
https://www.ncbi.nlm.nih.gov/pubmed/?term=32067230
https://www.ncbi.nlm.nih.gov/pubmed/?term=32067230
https://www.ncbi.nlm.nih.gov/pubmed/?term=32067230
https://www.ncbi.nlm.nih.gov/pubmed/?term=32067230
https://www.ncbi.nlm.nih.gov/pubmed/?term=32346422
https://www.ncbi.nlm.nih.gov/pubmed/?term=32346422
https://www.ncbi.nlm.nih.gov/pubmed/?term=32346422
https://www.ncbi.nlm.nih.gov/pubmed/?term=32346422
https://www.ncbi.nlm.nih.gov/pubmed/?term=33127840
https://www.ncbi.nlm.nih.gov/pubmed/?term=33127840
https://www.ncbi.nlm.nih.gov/pubmed/?term=33127840
https://www.ncbi.nlm.nih.gov/pubmed/?term=34381417
https://www.ncbi.nlm.nih.gov/pubmed/?term=34381417
https://www.ncbi.nlm.nih.gov/pubmed/?term=34381417
https://www.ncbi.nlm.nih.gov/pubmed/?term=34381417
https://www.ncbi.nlm.nih.gov/pubmed/?term=32713345
https://www.ncbi.nlm.nih.gov/pubmed/?term=32713345
https://www.ncbi.nlm.nih.gov/pubmed/?term=32713345
https://www.ncbi.nlm.nih.gov/pubmed/?term=32713345
https://www.ncbi.nlm.nih.gov/pubmed/?term=32222493
https://www.ncbi.nlm.nih.gov/pubmed/?term=32222493
https://www.ncbi.nlm.nih.gov/pubmed/?term=32222493
https://www.ncbi.nlm.nih.gov/pubmed/?term=32222493
https://www.ncbi.nlm.nih.gov/pubmed/?term=32222493
https://www.ncbi.nlm.nih.gov/pubmed/?term=32671745
https://www.ncbi.nlm.nih.gov/pubmed/?term=32671745
https://www.ncbi.nlm.nih.gov/pubmed/?term=31958564
https://www.ncbi.nlm.nih.gov/pubmed/?term=31958564
https://www.ncbi.nlm.nih.gov/pubmed/?term=31958564
https://www.ncbi.nlm.nih.gov/pubmed/?term=31958564
https://www.ncbi.nlm.nih.gov/pubmed/?term=31958564
https://www.ncbi.nlm.nih.gov/pubmed/?term=30854657
https://www.ncbi.nlm.nih.gov/pubmed/?term=30854657
https://www.ncbi.nlm.nih.gov/pubmed/?term=30854657
https://www.ncbi.nlm.nih.gov/pubmed/?term=30854657
https://www.ncbi.nlm.nih.gov/pubmed/?term=31870503
https://www.ncbi.nlm.nih.gov/pubmed/?term=31870503
https://www.ncbi.nlm.nih.gov/pubmed/?term=31870503
https://www.ncbi.nlm.nih.gov/pubmed/?term=31870503
https://www.ncbi.nlm.nih.gov/pubmed/?term=32725369
https://www.ncbi.nlm.nih.gov/pubmed/?term=32725369
https://www.ncbi.nlm.nih.gov/pubmed/?term=32725369
https://www.ncbi.nlm.nih.gov/pubmed/?term=32725369
https://www.ncbi.nlm.nih.gov/pubmed/?term=32725369
https://www.ncbi.nlm.nih.gov/pubmed/?term=31891591
https://www.ncbi.nlm.nih.gov/pubmed/?term=31891591
https://www.ncbi.nlm.nih.gov/pubmed/?term=31891591
https://www.ncbi.nlm.nih.gov/pubmed/?term=31891591
https://www.ncbi.nlm.nih.gov/pubmed/?term=31589963
https://www.ncbi.nlm.nih.gov/pubmed/?term=31589963
https://www.ncbi.nlm.nih.gov/pubmed/?term=31589963
https://www.ncbi.nlm.nih.gov/pubmed/?term=31589963
https://www.ncbi.nlm.nih.gov/pubmed/?term=31589963
https://www.ncbi.nlm.nih.gov/pubmed/?term=32320706
https://www.ncbi.nlm.nih.gov/pubmed/?term=32320706
https://www.ncbi.nlm.nih.gov/pubmed/?term=32320706
https://www.ncbi.nlm.nih.gov/pubmed/?term=32320706
https://www.ncbi.nlm.nih.gov/pubmed/?term=26663178
https://www.ncbi.nlm.nih.gov/pubmed/?term=26663178


36. Liu H, Roy M, Tian FF. MicroRNA-based therapy: a
new dimension in epilepsy treatment. Int J Neurosci 2013;
123(9): 617-22.

37. Xia L, Li D, Lin C, Ou S, Li X, Pan S. Comparative study
of joint bioinformatics analysis of underlying potential of
’neurimmiR’, miR-212-3P/miR-132-3P, being involved in

epilepsy and its emerging role in human cancer.Oncotarget
2017; 8(25): 40668-82.

38. Li Y, Zhou D, Ren Y, Zhang Z, Guo X, Ma M, et al. Mir223
restrains autophagy and promotes CNS inflammation by
targeting ATG16L1. Autophagy 2019; 15(3): 478-92.

TEST YOURSELF

(1) How was the epilepsy cell model constructed in this study?

(2) What were the expression levels for lncRNA UCA1, miR-132-3p and ATG16L1, respectively, in the serum of
epileptic patients? What was the correlation between these levels?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com.

lncRNA UCA1 in SH-SY5Y cells
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