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MiR-181b suppresses the progression
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Abstract: Background: Epilepsy (EP) is a very dangerous neurological disease. MiR-181b was reported to play a
regulatory role during the progression of EP. However, the mechanism by which miR-181b regulates the process of
EP remains unclear. Methods: Hippocampal neurons were extracted from rats, which were treated with magnesium-
free to mimic EP in vitro. CCK-8 assay was performed to test the cell viability. Gene and protein expressions in
hippocampal neurons were detected by qRT-PCR, immunofluorescence and western blot, respectively. In addition,
TUNEL staining was performed to test the cell apoptosis. Finally, dual luciferase report assay was used to verify the
relation between miR-181b, ZNF883 and RASSF1A. Results: Magnesium-free significantly inhibited the proliferation
of hippocampal neurons, which was reversed by miR-181b mimics. In consistent, magnesium-free induced apopto-
sis of cells was notably inhibited by miR-181b mimics. In addition, miR-181b suppressed the progression of EP via
directly targeting RASSF1A and activating PI3K/Akt signaling. Finally, upregulation of miR-181b notably suppressed
the progression of EP via regulation of ZNF883. Conclusion: MiR-181b suppressed the progression of epilepsy via
regulation of RASSF1A and IncRNA ZNF883. Thus, miR-181b might serve as a new target for treatment of EP.
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Introduction

Epilepsy (EP) is a dangerous and drug-refracto-
ry neurological disorder, which was character-
ized by recurrent spontaneous seizures [1].
Nearly 30% of patients with EP do not respond
adequately to anti-epileptic drug (AED) treat-
ment and need long-time medical care [2, 3].
Surgical resection of the epileptic focus is an
invasive approach that is not the best choice
for most of patients [4]. In addition, EP has
many pathological conditions including inflam-
mation, gliosis and synaptic remodeling [5-7].
An imbalance between excitatory and sequelae
of brain surgery that results in hypersynchro-
nous discharge of neurons in a focal area of
the brain or all over the entire brain is the most
commonly accepted mechanism [7]. Current
AEDs primarily target voltage-gated ion chan-
nels to reduce neuronal excitability directly or
synaptic transmission [8]. However, AEDs lack
efficacy in most of the patients with EP becau-
se of patient’s maladaptation to the drug [9].

Therefore, a systematic understanding of the
mechanisms regulate this imbalance is impor-
tant for us to control seizure susceptibility and
develop new therapeutic methods.

It has been reported that magnesium-free
could promote the progression of EP by tran-
scriptional activation of the relevant genes [10,
11]. In addition, previous studies have indicat-
ed that magnesium-free plays a regulatory ro-
le in the recurrence of EP [12, 13]. MicroRNAs
(miRNAs) are endogenic noncoding small RNAs,
21~24 nucleotides in length, which function in
the post-transcriptional regulation [14]. Upre-
gulation or downregulation of miRNA has been
related with the progression of multiple diseas-
es [14]. It has been previously reported that
miR-137 suppressed seizure activity and neuro-
nal excitability during the occurrence of EP [1].
Moreover, Geng JF et al indicated that miR-495
downregulation could inhibit the progression
of EP [15]. Meanwhile, it has been previously
been reported that miR-181b could inhibit the
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progression of EP [16]. However, the molecular
mechanism by which miR-181b mediates the
progression of EP remains unclear. Thus, we
will investigate the biological function of miR-
181b during the progression of EP and its
underlying mechanism.

Material and methods
Animal and cell culture

Hippocampal neurons were isolated from the
brain tissues of rats according to the previous
reference [17]. Rats were purchased from the
Chinese Academy of Science (Shanghai, China)
and bred in the animal facility of the Third
Xiangya Hospital of Central South University.
All mice used were housed in a specific patho-
gen-free (SPF) conditions with a 12/12 h light/
dark cycle. All animal care and experimental
protocols were approved by the Use Commit-
tee of the Third Xiangya Hospital of Central
South University. National Institutes of Health
guide for the care and use of laboratory ani-
mals was strictly followed by us. The efficiency
of hippocampal neurons extraction was obser-
ved by morphology and immunofluorescence.

Hippocampal neurons were maintained in RP-
MI-1640 medium (Thermo Fisher Scientific,
Waltham, MA, USA), supplemented with 10%
fetal bovine serum (FBS), 1% penicillin (Thermo
Fisher Scientific) and 1% streptomycin (Thermo
Fisher Scientific) in a humidified incubator with
5% CO, at 37°C. To establish in vitro EP model,
hippocampal neurons were treated with mag-
nesium-free for 48 h.

Immunofluorescence staining

Hippocampal neurons were seeded in 24-well
plates overnight. Then, cells were treated with
nothing (control) or magnesium free for 48 h.
Next, cells were blocked with 10% goat serum
for 30 min at room temperature and then incu-
bated with anti-NSE antibody (Abcam; 1:1000)
or anti-MAP2 antibody (Abcam; 1:1000) at 4°C
overnight. Then cells were incubated with goat
anti-rabbit IgG (Abcam; 1:5000) at 37°Cfor 1 h
and the nuclei were stained with DAPI (Beyo-
time, Shanghai, China) for 5 min. Finally, cells
were observed under a fluorescence micro-
scope (Olympus CX23, Tokyo, Japan).
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Cell transfection

Hippocampal neurons were transfected with
miR-181b mimics or NC according to the previ-
ous reference [18]. MiR-181b mimics and nega-
tive control RNAs were purchased from Gene-
Pharma (Shanghai, China). MiR-181b mimics or
negative control RNAs was transfected into the
hippocampal neurons according to the manu-
factures’ protocol.

MTT assay

Hippocampal neurons were seeded in 96-well
plates (5x10% per well) overnight. Then, cells
were treated with magnesium-free, miR-181b
mimics or magnesium-free + miR-181b mimics
for 48 h, respectively. After that, 100 pyl MTT
were added to each well and further incubated
for 2 h at 37°C. Then, cell supernatants were
removed and 150 yl DMSO was added to each
well. Finally, the absorbance of hippocampal
neurons was measured at 490 nm using a
microplate reader (Thermo Fisher Scientific).

Quantitative real time polymerase chain reac-
tion (QRT-PCR)

Total RNA was extracted from hippocampal
neurons using TRIzol reagent (TaKaRa, Tokyo,
Japan) according to the manufacturer’s proto-
col. cDNA was synthesized using the reverse
transcription kit (TaKaRa, Ver.3.0) according to
the manufacturer’s protocol. Real-Time qPCRs
were performed in triplicate under the follow-
ing protocol: 2 minutes at 94°C, followed by
35 cycles (30 s at 94°C and 45 s at 55°C).
The primers were obtained from GenePharma
(Shanghai, China). miR-181b forward, 5-GGCG-
AGGACTTTAATCTTGGTG-3’ and reverse, 5-AGA-
CACCACTTTGCCATCCACT-3’; ZNF883: forward,
5-GTCCTTTACCCGGAACAGTAATC-3’ and rever-
se, 5-TAAGGGATGACCTATGACTAAAG-3’; SNH-
G12: forward, 5-AGTTTCCTGGCAGTGTGTGAT-
AC-3’ and reverse, 5-TGTTGTTTCTACCTAAAAT-
GACCG-3’; XIST: forward, 5’-GCTTCCTCGTTGC-
TTACATCG-3’ and reverse, 5-ACCATTGATAAC-
TGCCATTGT-3’; LINCOO667: forward, 5-GAT-
AGTTCAGGCCCAGAGAC-3’ and reverse, 5-TT-
TTTTCCTGGTAGTGGCCAG-3’; MALAT1: 5-GAC-
TTCTGTAAAGGACTGGGGC-3’ and reverse 5-
ACAGCTAAGATAGCAGCACAAC-3’; GAPDH: for-
ward, 5-CATCATCCCTGCCTCTACTGG-3’ and re-
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Figure 1. Hippocampal neurons were successfully isolated form brain tis-
sues of rats. Hippocampal neurons were isolated from brain tissues of
mice. Then, (A) the efficacy of isolation was observed by a light microscope
at 200x or 400x magnification. (B) Efficiency of isolation was detected us-
ing immunofluorescence staining. The green fluorescence indicated NSE or
MAP2 and the blue fluorescence indicated nuclear staining (DAPI).

verse, 5-GTGGGTGTCGCTGTTGAAGTC-3’; UG6G:
forward, 5-CTCGCTTCGGCAGCACAT-3’ and re-
verse 5-AACGCTTCACGAATTTGCGT-3'. The rel-
ative fold changes were calculated using the
2—AAC1 method by the formula: 2-(sample ACt - control ACt),
where ACt is the difference between the ampli-
fication fluorescent thresholds of the gene of
interest and the internal reference gene (U6 or
GAPDH) used for normalization.

Western-blot detection

Total protein was isolated from cell lysates by
using RIPA buffer (Thermo Fisher Scientific),
and quantified by BCA protein assay kit (Be-
yotime, Shanghai, China). Proteins were sepa-
rated with 10% SDS-PAGE and transferred to
PVDF (Bio-Rad) membranes. After blocking,
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the membranes were incubat-
ed with primary antibodies at
4°C overnight. After washing,
the membranes were incuba-
ted with secondary anti-rab-
bit antibody (Abcam; 1:5000)
at room temperature for 1 h.
Membranes were scanned by
using an Odyssey Imaging
System and analyzed with
Odyssey v2.0 software (LIC-
OR Biosciences, Lincoln, NE,
USA). Then, the primary anti-
bodies used in this study as
follows: anti-Bax (Abcam; 1:
1000), anti-Bcl-2 (Abcam; 1:
1000), anti-Cleaved caspase3
(Abcam; 1:1000), anti-Bcl-2
(Abcam; 1:1000), anti-cleav-
ed caspase3 (Abcam; 1:
1000), anti-RASSF1A (Abcam;
1:1000), anti-MOAP1 (Abc-
am; 1:1000), anti-Akt (Ab-
cam; 1:1000), anti-ERK (Ab-
cam; 1:1000) and anti-GAPDH
(Abcam; 1:1000). GAPDH was
used as an internal control.

TUNEL staining

Cell apoptosis was also deter-
mined by the TUNEL assay.
Briefly, paraffin sections were
washed, permeabilized, and
then incubated with 50 ul
TUNEL reaction mixture in a wet box for 60
min at 37°C in the dark. For signal conver-
sion, slides were incubated with 50 ul of peroxi-
dase (POD) for 30 min at 37°C, rinsed with
PBS, and then incubated with 50 yl diamino-
benzidine (DAB) substrate solution for 10 min
at 25°C. Finally, the expression of apoptotic
cells was observed under an optical micros-
cope.

Fluorescence in situ hybridization (FISH) detec-
tion

To explore the relation between ZNF883 and
miR-181b, colocalization of miR-181b and ZN-
F883 on cytoplasm was investigated by FISH
detection according to the previous reference
[19].

Am J Transl Res 2020;12(6):2769-2780
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Figure 2. Overexpression of miR-181b significantly promoted the growth of magnesium-free-treated hippocampal
neurons. Hippocampal neurons were treated with nothing, magnesium-free, miR-181b mimics, magnesium-free +
mimics-control or magnesium-free + miR-181b mimics for 48 h. Then, (A) the expression of miR-181b in hippocam-
pal neurons was detected by g-PCR. (B) The viability (OD value) of hippocampal neurons was tested using MTT assay.
(C) Hippocampal neurons were treated with magnesium-free, magnesium-free + mimics-control or magnesium-free
+ miR-181b mimics for 48 h. Apoptosis in hippocampal neurons was detected by TUNEL staining. (D) TUNEL positive
cell rate in each group was calculated. “*P < 0.01 compared to control. #*P < 0.01 compared to magnesium-free.

Dual luciferase reporter assay

The partial squence of ZNF883 and 3-UTR of
RASSF1A containing the putative binding sites
of miR-181b were synthetized and obtained
from Sangon Biotech (Shanghai, China), then
were cloned into the pmirGLO Dual-Luciferase
miRNA Target Expression Vectors (Promega,
Madison, WI, USA) to construct wild-type re-
porter vectors ZNF883 (WT) and RASSF1A
(WT), respectively. The mutant ZNF883 sequ-
ences and 3’-UTR of RASSF1A sequences con-
taining the putative binding sites of miR-181b
were performed by Q5 Site-Directed Mutage-
nesis Kit (New England Biolabs, Ipswich, MA,
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USA) and then cloned into pmirGLO vectors
respectively, to construct mutant-type reporter
vectors ZNF883 (MUT) and RASSF1A (MUT).
The ZNF883 (WT) or ZNF883 (MUT) were trans-
fected into neurons cells together with control,
vector-control (NC) or miR-181b mimics using
Lipofectamine 2000 (Thermo Fisher Scientific)
according to the manufacturer’s instructions.
Similarly, the RASSF1A (WT) or RASSF1A (MUT)
was transfected into neurons cells together
with control, vector-control (NC) or miR-181b
mimics. The relative luciferase activity was an-
alyzed by the Dual-Glo Luciferase Assay Sys-
tem (Promega).

Am J Transl Res 2020;12(6):2769-2780
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Figure 3. MiR-181b mimics greatly mediated the apoptosis-related proteins
in magnesium-free-treated hippocampal neurons. A. The expression of Bax,
Bcl-2 and cleaved caspase3 in hippocampal neurons was detected by west-
ern-blot. B. The relative expressions of Bax was quantified via normalizing to
GAPDH. C. The relative expressions of Bcl-2 was quantified via normalizing to
GAPDH. D. The relative expressions of cleaved caspase3 were quantified via
normalizing to B-actin. **P < 0.01 compared to control. #*P < 0.01 compared

to magnesium-free.

Statistical analysis

Measurement data were expressed as the
mean * standard deviation (SD). The compari-
sons among multiple groups were made with
one-way analysis of variance (ANOVA) follow-
ed by Tukey’s test. P < 0.05 was considered
significant.

Results

Hippocampal neurons were successfully iso-
lated from brain tissues of rats

The morphology of hippocampal neurons iso-
lated from brain tissues of rats was firstly ob-
serving under microscope. As showed in Fig-
ure 1A, cells exhibited slender. This morpholo-
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Cleaved caspase 3

gy was consistent to the ch-
aracteristic of hippocampal
neurons [20]. In addition, the
result of immunofluorescence
staining demonstrated that
the expressions of Neuron-
Specific Enolase (NSE) and
MAP2 were notably high (Fi-
gure 1B). Since NSE and MA-
P2 are key biomarkers in hip-
pocampal neurons [21], the-
se data suggested that hip-
pocampal neurons were suc-
cessfully isolated from brain
. tissues of rats.
Magnesium-free induced
growth inhibition of hippo-
campal neurons was reversed
by miR-181b mimics

{3

To explore the expression of
miR-181b during the progres-
sion of EP, g-PCR was used.
As revealed in Figure 2A, the
expression of miR-181b in hip-
pocampal neurons was signifi-
cantly downregulated by mag-
nesium free, which was com-
pletely reversed by miR-181b
mimics. Moreover, miR-181b
was notably activated in hip-
pocampal neurons after miR-
181b mimics transfection.
Next, MTT assay was perfor-
med to evaluate the cell viability. The data in-
dicated that the proliferation of hippocampal
neurons was obviously inhibited by magnesi-
um free (Figure 2B). However, magnesium-free
induced growth inhibition of hippocampal neu-
rons was notably reversed by miR-181b mim-
ics. On the other hand, miR-181b mimics alone
had limited effect on proliferation of hippocam-
pal neurons (Figure 2B). In addition, as reveal-
ed in TUNEL staining upregulation of miR-181b
significantly inhibited magnesium-free induced
apoptosis of hippocampal neurons (Figure 2C
and 2D).

Next, to detect the effect of miR-181b mimics
on apoptosis-related proteins in hippocampal
neurons, western blot was used. As demonstr-
ated in Figure 3A-D, the expressions of pro-

Am J Transl Res 2020;12(6):2769-2780
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Figure 4. MiR-181b directly targeted RASSF1A. A, B. Gene structure of RASSF1A at the position of 2169-2175 indicated the predicted target site of miR-181b in its
3'UTR. C. The luciferase activity was measured in hippocampal neurons following co-transfecting with WT/MT RASSF1A 3’-UTR plasmid and miR-181b with the dual
luciferase reporter assay. D. The protein expression of RASSF1A and MOAP1 in hippocampal neurons were detected by western-blot. E. The relative expression of
RASSF1A was quantified via normalizing to GAPDH. F. The relative expression of MOAP1 was quantified via normalizing to GAPDH. P < 0.01 compared to control.
#P < 0.01 compared to magnesium-free.
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Figure 5. MiR-181b suppressed the progression of EP in vitro through activation of PI3K/Akt signaling. A. The pro-
tein expressions of Akt, p-Akt, ERK and p-ERK in hippocampal neurons were detected by western-blot. B. The relative
expression of p-Akt was quantified via normalizing to GAPDH. C. The relative expression of p-ERK was quantified via
normalizing to GAPDH. **P < 0.01 compared to control. #P < 0.01 compared to magnesium-free.

apoptotic proteins (Bax and Cleaved caspase3)
in hippocampal neurons were significantly up-
regulated by magnesium-free, which were par-
tially rescued in the presence of miR-181b
mimics. In contrast, magnesium free notably
inhibited the expression of Bcl-2 in hippocam-
pal neurons. As expected, magnesium-free in-
duced Bcl-2 downregulation in cells was par-
tially revered by miR-181b mimics. Taken toge-
ther, overexpression of miR-181b significantly
reversed magnesium-free induced growth inhi-
bition of hippocampal neurons via inhibiting
apoptosis.

MiR-181b directly targeted RASSF1A

To explore the downstream target of miR-
181b, Targetscan (http://www.targetscan.org/
vert_71/), miRDB (http://www.mirdb.org/) and
dual luciferase report assay were used. As
demonstrated in Figure 4A-C, RASSF1A was
found to a direct target of miR-181b. In addi-
tion, western blot was used to confirm the out-
come. The results demonstrated that the pro-
tein levels of RASSF1A and MOAP1 in hippo-
campal neurons were obviously upregulated by
magnesium-free, which were significantly re-
versed by miR-181b mimics (Figure 4D-F). Ta-
ken together, miR-181b mimics inhibited the
progression of EP in vitro via directly targeting
RASSF1A.
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MiR-181b suppressed the progression of EP in
vitro through activation of PI3K/Akt signaling

To further investigate the mechanism by which
miR-181b mediated the progression of EP in
vitro, western blot was performed. As demon-
strated in Figure 5A-C, the expression of p-Akt
and p-ERK in hippocampal neurons were sig-
nificantly downregulated by magnesium-free.
However, the inhibitory effect of magnesium-
free on these two proteins was significantly
suppressed in by miR-181b mimics (Figure
5A-C). There data suggested miR-181b sup-
pressed the progression of EP in vitro might
through activation of PI3K/Akt signaling.

MiR-181b inhibited the development of EP via
downregulation of IncRNA ZNF883

Since previous reports indicated the differen-
tially expressed IncRNAs in EP [22, 23], g-PCR
was performed to detect the expressions of
some IncRNAs in hippocampal neurons. As re-
vealed in Figure 6A, the expressions of ZNF-
883, SNHG12, XIST, LINCO0O667 and MALAT1
in hippocampal neurons were significantly up-
regulated by magnesium free, compared with
control. Moreover, the expression of ZNF883
exhibited most significant changes. Thus, it
was selected of use in following experiments.
Then, ENCORI, dual luciferase report assay

Am J Transl Res 2020;12(6):2769-2780
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and g-PCR were performed to detect the rela-
tion with miR-181b and ZNF883. The results
suggested that IncRNA ZNF883 was downre-
gulated by miR-181b mimics (Figure 6B-D). In
addition, the result of FISH demonstrated that
ZNF883 and miR-181b partly shared the same
location in cells (Figure 6E). Altogether, miR-
181b inhibited the development of EP might
via downregulation of INcRNA ZNF883.

Discussion

MiRNAs have been confirmed to play important
roles during the development of multiple dis-
eases, including EP [24-26]. In this research,
we found that upregulation of miR-181b could
significantly promote the growth of hippocam-
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plasmid and miR-181b with the
dual luciferase reporter assay.
D. The expression of ZNF883
in hippocampal neurons was
investigated by g-PCR. E. The
co-location of miR-181b and
ZNF883 was detected by FISH
detection. **P < 0.01 compared
to control. #P < 0.01 compared
to magnesium-free.

pal neurons in the presence of magnesium-
free. Otherwise, previous studies have reported
that miR-181b could inhibit the cell prolifera-
tion, invasion and migration in multiple malig-
nant tumors [27-29]. This discrepancy may due
to different type of diseases. In addition, our
findings further confirmed the biological func-
tion of miR-181b, indicating that miR-181b
could be a key regulator during the progression
of EP.

Ras association domain family member 1 (RA-
SSF1A) has been identified to be present in
the cancerous samples [30]. It is an important
transcription factor that regulates the grow-
th, differentiation and apoptosis of cancer cells

Am J Transl Res 2020;12(6):2769-2780
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[31]. Additionally, overexpression of RASSF1A
has been studied in multiple malignant tumors
and has been found to regulate various biologi-
cal functions, including cell survival and metas-
tasis [32, 33]. In this research, we have indi-
cated that RASSF1A was a direct target of miR-
181b. It has been previously confirmed that
miR-181b overexpression induced the apopto-
sis of gastric carcinoma cells by directly target-
ing RASSF1A [34]. However, we have found that
miR-181b mimics promoted the growth of hip-
pocampal neurons. This discrepancy might due
to the different cell type. Based on these find-
ings, it can be confirmed that RASSF1A might
be a promoter in cell growth.

Previous studies have indicated that IncRNAs
played a critical role during the progression of
various diseases, including EP [35-37]. In the
present research, we confirmed that the ex-
pression of INcRNA ZNF883 was significantly
upregulated in hippocampal neurons. Wang X
et al found that the expression of IncRNA
ZNF883 was notably downregulated in ovar-
ian cancer cells [38]. This study supplemented
the biological role of ZNF883, suggesting that
ZNF883 could be a biomarker in EP. Besides,
in this research, we also found that miR-181b
mimics inhibited the progression of EP through
mediation of ZNF883. This finding was similar
to the previous study [39], indicating that miR-
181b might act as a suppressor in occurrence
of EP.

PIBK/Akt signaling was involved in growth of
many types of cells [40, 41]. A previous studies
has reported that PI3K/Akt signaling played a
key role in cancer progression, drug resistance,
and treatment [42]. Recent studies found that
PI3K/Akt signaling lead to reduced apoptosis
and increased proliferation of various cells [43-
45]. This finding was similar to our current rese-
arch. Moreover, our present study demonstrat-
ed that miR-181b downregulation activated
PI3BK/Akt signaling pathway in vitro, indicating
that miR-181b may act as a PI3K/Akt signaling
inhibitor. Moreover, it has been previously re-
ported that MALAT1 could relieve the symptom
of EP via PI3K/Akt [46]. This research further
verified the function of PI3K/Akt, suggesting
that PI3K/Akt could be a suppressor during the
progression of EP. In addition, Ji M et al found
that RASSF1A had inhibitory effect on PI3K/Akt
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signaling [47]. Our research was consistent to
this result, confirming that miR-181b could
suppress the progression of EP via mediation
of RASSF1A/PI3K/Akt axis. Since it has been
reported that JAK/STAT signaling could play a
key role during the development of EP [48], we
will further investigate the effect of miR-181b
on JAK/STAT signaling.

In conclusion, miR-181b suppresses the pro-
gression of epilepsy by inhibition of IncRNA
ZNF883, which may serve as a new target for
treatment of EP.
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