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Abstract

Purpose: To investigate the mechanism of microRNA-124 action on neuroblastoma apoptosis induced
by sevoflurane.

Methods: MiR-124 expression was assessed in a neuroblastoma cell line (SMS-KAN) using
guantitative reverse transcription polymerase chain reaction (qRT-PCR). The role of miR-124 in
sevoflurane anesthesia-induced neuroblastoma was studied by cell activity and apoptosis analysis
using 3-(4, 5-dimethylthiazolyl-2-yl)-2-5 diphenyl tetrazolium bromide (MTT) assay and flow cytometry,
respectively. MiR-124 target protein genes were confirmed via luciferase reporter activity, qRT-PCR,
and western blot analysis.

Results: miR-124 was upregulated in sevoflurane anesthesia-induced neuroblastoma (p < 0.05). After
miR-124 knockdown, apoptosis was significantly reduced and cell viability was enhanced in sevoflurane
anesthesia-induced SMS-KAN nerve cells (p < 0.05). Furthermore, a significant reduction of luciferase
activity was observed in 293T cells co-transfected with miR-124 mimics and EZH2-wild type (EZH2-WT)
(p < 0.05). The mRNA and protein expression levels of EZH2 decreased in SMS-KAN nerve cells
transfected with miR-124 mimics (p < 0.05). Overexpression of EZH2 inhibited the apoptosis of SMS-
KAN cells induced by sevoflurane (p < 0.05). Furthermore, the apoptosis of SMS-KAN cells transfected
with miR-124 inhibitor were offset by transfected siEZH2.

Conclusion: The results suggest that overexpression of miR-124 suppresses cell proliferation by
targeting EZH2 in SMS-KAN cells. Therefore, miR-124 represents a potential target for neuroblastoma
therapy.

Keywords: Sevoflurane, Anesthesia, Neuroblastoma, Neurotoxicity, MiR-124, enhancer of zeste
homolog 2 (EZH2), Apoptosis

This is an Open Access article that uses a funding model which does not charge readers or their institutions
for access and distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited.

Tropical Journal of Pharmaceutical Research is indexed by Science Citation Index (SciSearch), Scopus,
International Pharmaceutical Abstract, Chemical Abstracts, Embase, Index Copernicus, EBSCO, African
Index Medicus, JournalSeek, Journal Citation Reports/Science Edition, Directory of Open Access Journals
(DOAJ), African Journal Online, Bioline International, Open-J-Gate and Pharmacy Abstracts

INTRODUCTION forming a large number of axons, dendrites and

synapses. It has been reported that nerve cells
The rapid development period of human brain is are very sensitive to general anesthesia. It
from embryonic stage to 2 years after birth [1].  affects the development of the central nervous
During this period, brain neurons grow rapidly, system. With the progress of medical care, more
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and more surgical operations can be used to
treat infants. As a result, more and more infants
are receiving general anesthesia. Sevoflurane is
a commonly used general anesthetic, and is
widely used in infant anesthesia. Long-term use
of sevoflurane can lead to brain neuropathy,
neurological dysfunction and central nervous
system degeneration, affecting infants' memory
and cognitive ability.

MicroRNAs (miRNAs) are a small family of non-
coding RNAs that negatively regulate the
expression of target genes by altering the
translation or stability of the RNA. More and
more evidences show that the expression of
microRNA is imbalanced in human cancer, which
means that microRNA plays an important role in
the progress of cancer. However, sevoflurane
has been reported to cause changes in the
expression of many small RNAs in liver cells, and
bioinformatics analysis has shown that
sevoflurane treatment can induce abnormal
expression of small RNAs in rat neurons[2,3].
MiR-124 is a highly conserved miRNA and highly
expressed in differentiation and mature neurons.

It has been reported that increasing the
expression of miR-124 can inhibit the
proliferation of medulloblastoma, cervical cancer,
pancreatic cancer and breast cancer [4-6].
However, the mechanism of miR-124 in nerve
injury induced by anesthesia is still unclear.
Enhancer of zeste homolog 2 (EZH2) is a
polycomb group (PcG) protein, which is an
important protein with histone methyltransferase
activity. It can trimethylate the side chain of
H3K27 and silence hundreds of genes, including
cell differentiation and proliferation, leading to
tumorigenesis. EZH2 is not expressed or low
expressed in normal tissues, but highly
expressed in tumors. EZH2 is highly expressed
in prostate cancer, breast cancer and gastric
cancer, which is closely related to disease
progression and adverse prognosis [7-9].

Some reports have shown that neuronal in stem
cells are modified by EZH2, and EZH2 levels are
down-regulated after neuronal differentiation [10].
High expression of EZH2 is associated with poor
prognosis in neuroblastoma patients [11].
Overexpression of MIR-124 has been reported to
reduce the expression of EZH2 in hepatocellular
carcinoma cells[12]. However, there are no
reports in neurons about whether miR-124
causes the decrease of EZH2 expression.

This study explored if knockdown of miR-124
could have beneficial effects on sevoflurane
anesthesia-induced nerve cell apoptosis by
targeting EZH2. Overexpression of EZH2 could

resist the apoptosis of nerve cells induced by
sevoflurane anesthesia. The aim of this study
was to reveal the potential role of miR-124 in
sevoflurane anesthesia-induced neuroblastoma
cells and to determine the neurotoxic mechanism
of sevoflurane in SMS-KAN cells.

EXPERIMENTAL
Cell culture

Neuroblastoma SMS-KAN cell line was provided
by the Korean Cell Line Bank. Cell stocks were
cultured in 5 % CO, at 37 °C with DMEM (Grand,
Island) containing 10 % FBS and antibiotics
(Rockville, MD). The cells were inoculated in
sterile 96-well plates in a 37 °C incubator
(Thermo Fisher, 3100) with 5 % CO,. To
investigate the effect of sevoflurane on SMS-
KAN cells, 3 % sevoflurane (Abbott; Chicago, IL)
was added to the 96 well plates. The plates were
maintained at 37 °C for 24 h with 5 % CO..

Transfection of mMiRNA/siRNA

The miR-124 inhibitor, control inhibitors, and
small interfering RNA (siRNA) targeting EZH2
were designed, synthesized (Guangzhou,
China), transfected into SMS-KAN cells
(Guangzhou, China). For transfection, 1 x 10°
cells were seeded into 96-well plates. When the

cells reached 80 % confluence, they were
transfected with miR-124 inhibitor or control
inhibitors. For EZH2 or siRNA, cells were

transfected at 30 — 40 % confluence using
Lipofectamine 2000 reagent, as described
previously.

Quantitative real-time PCR

Total RNA was extracted using TRIzol®
Reagent (CA, USA). Expressions of miR-124 and
EZH2 were quantitated in rat tissues and SMS-
KAN cells using a real-time PCR miRNA Kkit.
Quantitative RT-PCR reactions were performed
using the ABI Prism 7500 (Applied Biosystems).
The relative expression of microRNA was
determined by the AACt value. GAPDH was
used as an internal control to standardize the
relative quantification of tested gene expression.
The real-time qRT-PCR results were calculated
by 2722 method, in which AACT = (Ct target
gene-Ct housekeeping gene) group 1- (Ct target
gene-Ct housekeeping gene) group 2. The
incubation was initiated at 37 °C for 15 min. This
was followed by 95 °C for 30 sec, 95 °C for 5
sec, 60 °C for 34 sec, and 40 cycles at 95 °C for
15 sec, 65 °C for 1 min, and 95 °C for 15 sec.
Each sample had three replicates, and the
experiment was repeated three times. All primers
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used for the experiment can be found in the
Table 1.

MTT assay

The cells were plated in 96-well plates at 10 x
10* per well. Then, 50 uL of sevoflurane (0, 5,
10, 20, 30 yM/L) were added to the plates. Each
group had five replicates. The blank control
group used a similar volume of DMEM. The 96-
well plates were maintained at 37 °C for 48 h
with 5 % CO,. Then, 20 yL MTT was added to
each well. After 4 h, the supernatant was
discarded, and each well added 110pl
Formazan. The OD value at A490 nm of each
well was detected using MK3 Enzyme Sign
(Dutch Thunder Suddenly Company). The cell
proliferation rate was measured according to the
reference [14].

Flow cytometry

The cells were seeded on plates for 12 h and
treated with 0.25 % trypsin for 24 h. Cells were
washed three times with phosphate buffered
saline (PBS). The cell suspension was evaluated
for apoptosis using Annexin V-FITC (CA, USA).
Apoptotic cells were detected using a FACSC
alibur flow cytometer (BD Biosciences, CA).

Luciferase reporter assay

The 3'UTR of EZH2 was amplified using the
Takara PCR Amplification Kit (Dalian, China).
The cells were cultured in 96-well plates.
Plasmids and miR-124-3p mimics were co-
transfected into 293T cells. The experimental
groups were as follows: control group, miR-124-
3p, NC-inhibitor, and miR-124-3p -inhibitor. Each
group was assayed in triplicate. After 24 h, the
cells reporter activities were determined using
the Luciferase Reporter Assay Kit (Promega,
USA).

Western blot test

Cells were washed three times with PBS and
pre-cooled cell lysate was added to the cells. The
solution was fully mixed, put on ice for 20 min,
and centrifuged at 12,000 x g for 20 min. The
protein was blocked with 5 % skim milk overnight
at 4 °C with antibodies after membrane transfer.
After washing three times with TBS the

Table 1: Sequence of primer design

membranes were incubated in anti-caspase-3
and mouse monoclonal anti-B-actin at a dilution
of 1:2000 at 37 °C for 1 h. The protein bands
were developed with ECL reagents, and images
were acquired using the ChemiDoc Imaging
system. Western blots were repeated at least
three times.

Statistical analysis

Data are expressed as mean =+ standard
deviation (SD) and were analyzed using one-way
analysis of variance (ANOVA). The significance
threshold was set at p < 0.05. SPSS 17.0 was
used for statistical analysis.

RESULTS

Sevoflurane treatment induces apoptosis of
SMS-KAN cells, upregulate miR-124
expression, and downregulates EZH2 protein
expression

The effects of sevoflurane at different
concentrations on the cell viability, miR-124
expression, EZH2 expression and apoptosis of
SMS-KAN cells were evaluated by MTT assay,
flow cytometry, gRT-PCR and WB testing. As
shown in Figures 1 A and 1 C, compared with
control, the cell viability and EZH2 protein
expression significantly decreased as
sevoflurane concentration increased (p < 0.05).
However, with the increase of sevoflurane
concentration, the expression of miR-124 and
apoptosis of SMS-KAN cells increased
significantly (p < 0.05), as shown in Figure 1 B
and D. These results demonstrate that
sevoflurane treatment induced apoptosis in SMS-
KAN cells, directly increased the expression of
miR-124 and decreased the expression of EZH2
protein.

Knockdown of miR-124 suppresses the
apoptosis of SMS-KAN cells induced by
sevoflurane

In order to study the role of miR-124 in SMS-
KAN cells, inhibitor knockout of miR-124 was
transfected into sevoflurane-treated SMS-KAN
cells. The expression of miR-124 was confirmed

by grt-pcr.

Gene Primer forward (5'-3") Primer reverse (5'-3") Size (bp)
miR-124 ATCCAGTGCGTGTCGTG CTC T TGCTTAAGGCACGCGGT TAG AA 153
EZH2 GACGGCTTCCCAATAACAG ATTGAGGCTTCAGCACCAC AC 149
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Figure 1. Sevoflurane induced apoptosis of sms-kan
cells, up-regulated the expression of miR-124 and
down-regulated the expression of EZH2 protein. (A)
The cell viability of SMS-KAN cells was determined
using the MTT assay. (B) qRT-PCR analysis of miR-
124 expression in SMS-KAN cells. (C) EZH2 protein
expression was measured using western blot
guantification. (D) Apoptosis was determined using
flow cytometry; *p < 0.05, **p < 0.001 and ***p <
0.0001 versus NC. All experiments were carried out in
replicate

The results showed that miR-124 knockdown in
SMS-KAN cells was successful (p < 0.05)
(Figure 2 A). miR-124 knockdown in SMS-KAN
cells was successful. As shown in Figure 2 B,
transfection withmiR-124 inhibitor effectively
increased the expression of Bcl-2 protein, as
determined by western blotting. The expressions
of Bax and cleaved caspase-3 protein
decreased. Treatment with the miR-124 inhibitor
reduced SMS-KAN cell apoptosis (Figure 2 C).
These results show that the miR-124 inhibitor
has repressive effects on the apoptosis of SMS-
KAN cells induced by sevoflurane.
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Figure 2: Knockdown of miR-124 attenuated the
apoptosis induced by sevoflurane treatment. (A) miR-
124 expression levels were determined using qRT-
PCR. (B)Bcl-2, Bax, and cleaved caspase-3 protein
levels were detected using western blotting. (C)
Apoptosis was detected using flow cytometry; *p <
0.05, **p < 0.001 and ***p < 0.0001 versus NC. All
experiments were performed in replicate

EZH2 is a direct target of miR-124 in SMS-
KAN cells

TargetScan Release (http://www.targetscan.org/)
predicted a binding site for EZH2 with miR-124.
In this study, 293T cells transfected with miR-124
were analyzed by using EZH2-3'UTR-wild or
EZH2-3'UTR-mut (Fig. 3A).The luciferase activity
of the EZH2-3'UTR-wild plasmid decreased
following treatment with miR-124. The
suppression effect of the miR-124 was not
observed with the EZH2-3"UTR-mut (Figure 3 B).
Western blot testing found that the expression of
EZH2 protein was decreased after treatment with
miR-124 in 293T cells (Figure 3 C). This may be
due to the inhibition of gene expression by miR-
124 binding to 3' UTR of EZH2 mRNA.
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Figure 3: MiR-124 regulates EZH2 expression.
(A)TargetScan predicted an miR-124 target sequence.
(B) The mRNA levels of EZH2 were detected using
RT-PCR. (C)EZH2 protein levels were detected using
western blotting; *p < 0.05, **p < 0.001 and ***p <
0.0001 versus NC. All experiments were conducted in
replicate
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Overexpression of EZH2 inhibits apoptosis of
SMS-KAN cells induced by sevoflurane

We transfected si-EZH2 into SMS-KAN cells to
determine if EZH2 plays a role in SMS-KAN
cells. The transfection effectively increased
EZH2 at the mRNA and protein expression
levels, as tested by qRT-PCR and western
blotting, respectively (p < 0.05) (Figure 4 A and
B). Flow cytometry analysis found that
overexpression of EZH2 can resist apoptosis in
sevoflurane-treated SMS-KAN cells (p < 0.05,
Figure 4 C). As shown in Figure 4 D,
overexpression of EZH2effectively increased the
expression of Bcl-2 protein, whereas the
expression of Bax and cleaved caspase-3 protein
decreased (p < 0.05). Therefore, the
overexpression of EZH2 inhibits the apoptosis of
sms-kan cells induced by sevoflurane.
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Figure 4: Overexpression of EZH2 inhibits the
apoptosis of SMS-KAN cells induced by sevoflurane.
(A) EZH2 mRNA expression was determined using
gRT-PCR. (B) EZH2 protein expression was
determined using gRT-PCR. (C) Apoptosis was
determined using flow cytometry. (D)Bcl-2, Bax, and
cleaved caspase-3 protein levels were determined
using western blotting; *p < 0.05, **p < 0.001 and ***p
< 0.0001 versus NC. All experiments were carried out
in replicate

Mir-124 regulates sevoflurane-induced SMS-
KAN cells apoptosis by targeting EZH2

We co-transfected miR124 inhibitor and siEZH2
in SMS-KAN cells to explore if the function of
miR-124 was associated with EZH2 in SMS-KAN
cells treated with sevoflurane. Apoptosis were
confirmed by flow cytometry. The results showed
that compared with NC—in + siRNA, there was no
significant difference in apoptosis in NC—in +
SiEZH2, but the apoptosis in the miR-124—in +
siRNA cells was significantly reduced (p < 0.05,
Figure 5 A). Western blots showed that
compared with NC—-in + siRNA, the EZH2 and
Bcl-2 expressions of miR-124—in + SsiRNA
significantly increased. However, the Bax and
cleaved caspase-3 expression significantly
decreased (p < 0.05, Figure 5 B). These data
suggest that MIR-124 targeting EZH2 regulates
sevoflurane-induced apoptosis of SMS-KAN
cells.

DISCUSSION

Anesthetic exposure to sevoflurane induced
cerebral neuronal apoptosis and cognitive
dysfunction, especially in infancy [15]. It has
been reported that neurons exposed to 3 %
sevoflurane for more than 6 hours can induce

nearly 40% cell apoptosis [16]. Liang et al
showed that sevoflurane induces cell proliferation
and apoptosis of A549 cells [17]. This study
found that sevoflurane reduced cell viability,
inhibited EZH2 protein expression, and induced
apoptosis of sms-kan cells, similar to previous
reports.
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Figure 5: MiR-124 targets EZH2 to modulate the
apoptosis of SMS-KAN cells induced by sevoflurane.
(A) The apoptosis in cells transfected with NC—in +
siRNA, miR-124-in + siRNA, and miR-124-in +
SiEZH2. (B) The protein expression of EZH2, Bcl-2,
Bax, and cleaved caspase-3; *p < 0.05, **p < 0.001
and ***p < 0.0001 versus NC. All experiments were
replicated at least three times. miR-124-in: miR-124
inhibitor

Recent studies have shown that mutations
related to miIRNAs and changes in the
expression level of mMiRNAs have important
effects on post-transcriptional regulation of target
genes, changes in the expression level of target
proteins and drug sensitivity of cancer cells [18].
Abnormal expression of miR-124 may cause
various human malignant tumors. In oral
squamous cell carcinomas, the expression of
microRNA-124  is  low, which induces
proliferation, differentiation, cell cycle arrest and
apoptosis of cancer cells by targeting EZH2 [19].

The down-regulation of microRNA-124
expression in gastric cancer cells is closely
related to the degree of differentiation, clinical
stage and lymph node metastasis of gastric
cancer [20]. At present, there are relatively few
studies on the role of miRNAS in nerve injury. In
this study, miR-124 and EZH2 may have a
targeting relationship by bioinformatics and play
an important regulatory role in the development
of  sevoflurane-induced SMS-KAN cells
apoptosis. In this study, we found that miR-124
expression was up-regulated in SMS-KAN cells
treated with sevoflurane. The results also
indicate that miR-124 and EZH2 have a targeted
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regulatory relationship and play an important
regulatory role in the occurrence and
development of neuroblastoma. In addition, we
constructed recombinant eukaryotic vectors to
transfect SMS-KAN cells and performed MTT
analysis, which confirmed that overexpression of
miR-124 could increase sevoflurane-induced
neuronal apoptosis.

EZH2 is a homologous human gene of zeste
gene enhancer in Drosophila melanogaster. It is
an important member of PcG (Polycomb Group)
gene family [21] [22]. Abnormal expression of
EZH2 may induce the occurrence of multiple
tumors. EZH2 promotes cell proliferation and
proliferation by inhibiting related target gene [23].
In glioblastoma, EZH2 promotes the proliferation,
migration and angiogenesis of tumor cells. The
lymph node metastasis rate increases with the
increase of EZH2 expression. [24]. Using
luciferase reporter assays, it was found that
fluorescence activity was significantly lower after
transfection of EZH2 and miR-124-WT in 293T
cells. gRT-PCR and western blot testing also
verified that miR-124 could inhibit the mRNA and
protein expression levels of EZH2. This suggests
that overexpression of miR-124 could inhibit the
proliferation activity of SMS-KAN nerve cells by
targeting the expression of EZH2.

CONCLUSION

The findings of this study revealed that miR-124
expression is upregulated in SMS-KAN cells in
response to sevoflurane anesthesia. Knock out
of miR-124 inhibits the apoptosis of neurons
induced by sevoflurane. Overexpression of EZH2
inhibits apoptosis, while MIR-124 targeting of
EZH2 regulates sevoflurane-induced neuronal
apoptosis. Thus, the results indicate that miR-
124 may be a diagnostic marker and potential
therapeutic  target of anesthesia-induced
neuroblastoma.
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