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MiR-101 has been reported to be involved in neuroinflammation, neuronal injury and neurotoxicity. However,
the specific role and mechanism of miR-101 in ischemia/
reperfusion (I/R)-induced neuronal injury remain largely
unknown. Our study found that after oxygen–glucose
deprivation/reperfusion (OGD/R) exposure, the level of
miR-101 in SH-SY5Y cells was significantly decreased,
which was accompanied by a decrease in cell viability,
and an increase in LDH release and apoptosis. MiR-101
overexpression (miR-101 mimics) significantly promoted viability and inhibited LDH release and apoptosis in
OGD/R-exposed SH-SY5Y cells. Luciferase reporter assay
indicated that enhancer of zeste 2 polycomb repressive
complex 2 subunit (EZH2) was a direct target of miR101, and EZH2 siRNA obviously increased the viability,
inhibited LDH release and apoptosis in OGD/R-exposed
SH-SY5Y cells. Besides, EZH2 siRNA could inhibit the activation of mitogen-activated protein kinase (MAPK14)
signaling pathway and the MAPK14 agonist (anisomycin)
could reverse EZH2 siRNA-induced increase in cell viability, and decreases in LDH release and apoptosis. Furthermore, when the methyltransferase activity of EZH2 was
inhibited by its specific inhibitor GSK126, the level of
miR-101 was increased in OGD/R-exposed SH-SY5Y cells.
Additionally, EZH2 siRNA upregulated miR-101 expression in OGD/R-exposed SH-SY5Y cells. Taken together,
our findings reveal that miR-101/EZH2 negative feedback signaling drives OGD/R-induced injury by activating
the MAPK14 signaling pathway in SH-SY5Y cells.
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disease and neonatal hypoxic-ischemic brain damage
(HIBD) (Koehn et al., 2020; Merlo et al., 2019; Sekerdag
et al., 2018). Ischemia/reperfusion (I/R) has been demonstrated to be the major cause of neuronal injury (Carbone et al., 2019; Lv et al., 2020; Peng et al., 2019). Thus,
the understanding of the molecular mechanism of I/Revoked neuronal injury will be conducive to developing
strategies for improving neuronal survival after I/Revoked injury.
MicroRNAs have been shown to play a primary role
in I/R-evoked neuronal injury (Chen et al., 2020; Ge
et al., 2019; Wang et al., 2020b; Yang et al., 2021; Yi et
al., 2020; Zhang et al., 2019). Recently, miR-101 was
shown to promote Parkinson’s disease (PD) by promoting α-synuclein-induced dopaminergic neuron injury (Bu
et al., 2020). MiR-101 was also found to be involved
in neuroinflammation and neuronal injury in the spinal cord after brachial plexus injury (Liu et al., 2020a).
Zhao et al. reported that miR-101 plays a vital role in
bupivacaine-induced neurotoxicity (Zhao and Ai, 2019).
In addition, miR-101 overexpression was demonstrated
to alleviate I/R-induced injury in different tissues, such
as liver tissue, testicular tissue and renal tissue (Qin et al.,
2019; Song et al., 2019a; Zhao et al., 2020). To date, the
potential function and mechanism of miR-101 in I/Revoked neuronal injury remain largely unknown.
Enhancer of zeste 2 polycomb repressive complex 2
subunits (EZH2) can induce transcriptional silencing by
methylating lysine 27 of histone H3 (H3K27) (Wang and
Wang, 2020). EZH2 plays a significant role in mammalian central nervous system (CNS) development (Chen et
al., 2019; Wang et al., 2020c). Recent in vivo studies showed
that silencing EZH2 ameliorated I/R-induced neuronal injury (Jin et al., 2021; Xue et al., 2019). Furthermore, EZH2
was demonstrated to be a direct target of miR-101 in various cells, such as cancer cells and endothelial cells (Jiang
et al., 2019; Liu et al., 2017; Smits et al., 2011). However,
whether EZH2 acts as direct target of miR-101 in I/Revoked neuronal injury remains unknown. In the current
study, we investigated the role of miR-101 in I/R-evoked
neuronal injury and whether its role depends on EZH2 as
well as the potential mechanism involved.
MATERIALS AND METHODS

INTRODUCTION

Experimental reagents

Neuronal injury is considered to play a deleterious
role in brain-related diseases, such as stroke, Alzheimer’s

The antibodies against BAX, BAD, BCL2, EZH2,
H3K27me3, phospho-NF-KB1, NF-KB1, phospho-
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MAPK14, MAPK14, and β-actin were purchased from
Cell Signaling Technology (Shanghai, China). Fetal bovine serum (FBS) and cell culture reagents were purchased from Thermo Fisher Scientific, Inc. (Carlsbad,
CA). Lipofectamine 2000 was provided by Invitrogen
(Shanghai, China). CCK-8 was purchased from Chemicon (Temecula, CA, USA). All the sequences, primers,
siRNAs were designed and provided by Shanghai Genechem Co. (Shanghai, China).
Cell culture

SH-SY5Y cells were obtained from Zhong Qiao Xin
Zhou Biotechnology Co., Ltd (Cat. No.ZQ0050, Shanghai, China) and cultured in MEM/F12 medium (Zhong
Qiao Xin Zhou Biotechnology Co., Ltd.) supplemented
with 10% fetal bovine serum (FBS, Thermo Fisher Scientific, Inc.), 1% sodium pyruvate, 2 mmol/L L-glutamine,
1% L-alanyl-L-glutamine, 100 μg/mL streptomycin and
100 U/mL penicillin at 37°C in a humidified atmosphere
with 5% CO2. Cells were passaged every 3–4 days until
they reached 80%–90% confluence, and the logarithmic
growth phase cells were prepared for subsequent experiment. Cells were subjected to mycoplasma and microbial
contamination examination every 3–4 months in our laboratory. Cells were plated in 96-well culture plates at a
density of 1×104 cells/well for the cytotoxicity assays, or
60-mm culture dishes at a density of 1×106 cells/well for
qPCR, flow cytometry, and western blot. For neuronal
differentiation, SH-SY5Y cells were cultured for 5 days
with 10 μM retinoic acid (RA) in MEM/F12 plus 10%
FBS, 2 mmol/L glutamine, and antibiotics, followed by
another 5 days culture in serum-free MEM/F12 with
brain-derived neurotrophic factor (BDNF, 50 ng/mL)
and glutamine (2 mmol/L) and antibiotics.
OGD/R induction

For OGD/R induction, SH-SY5Y cells were cultured
in glucose-free MEM/F12 medium without serum and
then transferred to the AnaeroPackTM container containing a gas mixture of 0% O2, 95% N2 and 5% CO2 for
4 h at 37°C. The oxygen content in the container was
checked using a disposable anaerobic indicator strip. The
cells were then cultured in normal MEM/F12 medium
for 24 h under normoxic conditions. SH-SY5Y cells cultured in normal MEM/F12 medium under normoxic
conditions served as a control.
Cell transfection

The EZH2 siRNA, control siRNA, miR-101 mimic, and control mimic were obtained from GenePharm (Shanghai, China). SH-SY5Y cells were transfected
with these oligonucleotides by using Lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA, USA) following the
protocol of the manufacturer. Briefly, transfection was
performed in 6-well plates when the cells’ confluence
was about 80%-90%. A mixture of siRNAs or mimics
and Lipofectamine 2000 was slowly added into the wells.
After transfection, the cells were cultured for 48 h and
applied for the further experiment assay, or for the verification of EZH2 siRNA silencing and miR-101 mimic
transfection by western blotting and RT-qPCR, respectively. Control mimic and miR-101 mimic sequences
were as follows: control-mimic, 5’-UUCUCCGAA
CGU
GUCACGUTT-3’; miR-101 mimic, 5’-UACAGUACU
GUG
AUA
ACU
GAA-3’. Control siRNA and miR101 siRNA sequences were as follows: control siRNA,

5′-UUCUCCGAACGUGUCACGU-3′;
5′-CCAUGUUUACAACUAUCAA-3′.
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EZH2 siRNA,

Cell viability analysis

A Cell Counting (CCK-8) assay was used to evaluate the viability of SH-SY5Y cells. SH-SY5Y cells were
seeded into 96-well plates at a density of 1×104 per well.
After treatment as described in the text, CCK-8 solution (20 µL/well) was added to the cultured cells and
incubated for 2 h at 37°C. The absorbance at 450 nm
was measured using a plate reader (ELx800, BioTek Instruments, Inc., Vermont, USA). The cell viability of the
control group was expressed as a value of 100%, and the
cell viability of the other groups was normalized to this
value.
Hoechst staining

SH-SY5Y cells were seeded onto coverslips coated
with 0.1% gelatin (Sigma, St. Louis, MO) and cultured
under normal or OGD/R conditions. Cells were fixed
with 4% paraformaldehyde for 30 min, then stained with
Hoechst 33258 (5 µg/mL) for 15 min at room temperature, and then washed to remove unbound dye. The cells
were observed and photographed under a fluorescence
microscope.
Luciferase reporter assay

The wild type (WT) or mutant (MUT) luciferase reporter vector of the 3’-untranslated region (UTR) of
EZH2 containing miR-101 binding sequences was synthesized by Promega (Shanghai, China). Cells were
cotransfected with the indicated vectors and the miR101 mimic or control mimic using Lipofectamine 2000
reagent (Invitrogen). The relative luciferase activity was
analyzed using a dual-luciferase reporter assay (Promega)
according to the manufacturer’s protocol.
Western blotting

After treatment, SH-SY5Y cells were lysed in RIPA
lysis buffer (Beyotime).The detailed protocol of Western
blotting assay was described previously (Gu et al., 2021).
Each lane in the SDS-PAGE gene was loaded with exactly the same amount of quantified protein lysates
(30 μg per sample). The dilution ratios of antibodies were
as follows: anti-BAX (1/1000), anti-BAD (1/1000), antiBCL2 (1/1000), anti-EZH2 (1/2000), anti-H3K27me3
(1/2000), anti-phospho-NFKB1 (1/1000), anti-NFKB1 (1/1000), anti-phospho-MAPK14 (1/1000), antiMAPK14 (1/1000), and anti-β-actin (1/1000). For data
quantification, each band was quantified via the Gel-Pro
image program (Media Cybernetics, Las Vegas, USA).
Quantitative reverse transcription PCR (RT-qPCR)

Total RNA was extracted by Trizol reagents (Invitrogen, Shanghai, China) and quantified. miR-101 quantitative PCR was conducted using mirVana™ qRT-PCR
miRNA Detection Kit (Ambion, Austin, U.S.A.) in conjunction with a SYBR Green PCR Kit (Thermo Fisher
Scientific, MA, U.S.A.) in an ABI PRISM® 7300 realtime PCR system (Applied Biosystems). The PCR amplification parameters were 95°C for 5 min, followed
by 40 cycles of 95°C for 15 s, 60°C for 30 s and 72°C
for 30 s. After PCR, the 2−ΔΔCt comparative method was
used to calculate the Ct for the relative level of miR-101.
The miR-101 level was normalized to that of U6. Genespecific primers of miR-101 for qRT-PCR analyses were
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Figure 1. Effects of OGD/R on cell injury, and miR-101 and EZH2 expression in SH-SY5Y cells.
SH-SY5Y cells were subjected to 4 h of oxygen–glucose deprivation followed by reperfusion for 24 h (OGD/R). Control cells were cultured
in normal medium under normal condition for the same times. Cell viability was assessed with CCK-8 assays (A). Nuclear morphology
changes in SH-SY5Y cells were evaluated with Hoechst 33258 staining, and the number of cells containing condensed chromosomes
was calculated (B). Cell apoptosis was examined using flow cytometry with annexinV/PI double staining and the percentages of cells
obtained are indicated in each quadrant (C). The expression levels of apoptosis-related proteins and EZH2 were determined by western
blot (D). The LDH content in the supernatants of SH-SY5Y cells was measured with a specific kit (E). The expression level of miR-101 was
determined by RT-qPCR (F). *P<0.05, **P<0.01 vs. control group, n=3/group.

listed as follows: miR-101-F, 5’-GTACAGTACTGTGATAACTGA-3’ and miR-101-R 5’-TGCGTGTCGTG
GAGTC-3’;
U6-F,
5’-ATTGGAACGATACAGAGAAGATTAG-3’ and U6-R, 5’-TGCGTGTCGTGGAGTC-3’. The relative miR-101 level of the control
group was expressed as a value of 1, and the miR-101
levels of the other groups were normalized to this value.

treatment as described above. After treatment, the LDH
released from cells was detected using LDH assay kit according to the manufacturer’s instructions. Absorbance
was measured at 450 nm, and the LDH released level of
the control group was expressed as 1, and the LDH released levels of the other groups were normalized to this
value.

Lactate dehydrogenase (LDH) cytotoxicity assay

Flow cytometry analysis

The LDH content in the supernatants of SH-SY5Y
cells was measured by using an LDH detection kit (Nanjing Jian-cheng Bioengineering Institute, Jiangsu, China).
In brief, SH-SY5Y cells were cultured in 96-well plates
(1×104 per well) for 24 h and then subjected to OGD/R

An AnnexinV-FITC Apoptosis Detection Kit (Beyotime, Nanjing, China) was used to detect cell apoptosis.
SH-SY5Y cells were collected and resuspended in binding buffer, followed by double-staining with annexin VFITC and propidium iodide (PI) dyes (10 μg/mL) for 20
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min in the dark at room temperature. The stained cells
were analyzed by using a FACSCalibur flow cytometer
(BD Biosciences, San Jose, CA) with Cell Quest software (BD Biosciences). The percentages of early apoptotic cells and late apoptotic cells were calculated.
Statistical analysis

The data were presented as mean ± standard deviation (S.D.), and all trials were repeated three times. The
data were analyzed by SPSS software version 15.0 (SPSS
Inc., Chicago, IL). Student’s t test and one-way analysis
of variance (ANOVA) along with Tukey’s post hoc test
were used to gauge the differences between two or multiple groups. P<0.05 was deemed statistically significant.
RESULTS

2022

Hoechst staining showed that OGD/R treatment led
to a significant increase in cells containing condensed
chromosomes (Fig. 1B). Flow cytometry analysis showed
that the percentage of apoptotic cells was remarkably elevated in the OGD/R-treated SH-SY5Y cells compared
with the control cells (Fig. 1C). The protein expression
levels of proapoptotic BAX and BAD were significantly
increased, while the expression of antiapoptotic BCL2
was obviously decreased after OGD/R treatment (Fig.
1D). Moreover, OGD/R treatment led to an increase in
LDH release (Fig. 1E). RT-qPCR showed that miR-101
expression was obviously downregulated in OGD/R-exposed SH-SY5Y cells (Fig. 1F). The expression level of
EZH2 was significantly upregulated in OGD/R-exposed
SH-SY5Y cells (Fig. 1D). The above data suggest that
OGD/R evokes cell injury, downregulates miR-101 expression and upregulates EZH2 expression in SH-SY5Y
cells.

OGD/R induced cell injury, miR-101 downregulation and
EZH2 upregulation in SH-SY5Y cells

Upregulation of miR-101 attenuated OGD/R-evoked SHSY5Y cell injury

As shown in Fig. 1A, the viability of SH-SY5Y cells
was decreased significantly after OGD/R treatment.

To investigate the potential role of miR-101 in
OGD/R-evoked cell injury, SH-SY5Y cells were trans-

Figure 2. Upregulation of miR-101 attenuated OGD/R-evoked SH-SY5Y cell injury.
SH-SY5Y cells were transfected with the mimic control (miNC) or miR-101 mimic (miR-101) for 24 h, and the cells were then cultured under OGD/R conditions. The expression level of miR-101 was determined by RT-qPCR (A). Cell viability was assessed with CCK-8 assays (B).
The expression levels of apoptosis-related proteins were determined by western blot (C). The LDH content was measured with a specific
kit (D). **P<0.01 vs. control group; ##P<0.01 vs. OGD/R + miNC group, n=3/group.
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fected with the miR-101 mimic, which markedly upregulated miR-101 expression under OGD/R conditions
(Fig. 2A). CCK-8 assays showed that miR-101 upregulation significantly increased the viability of OGD/Rexposed SH-SY5Y cells (Fig. 2B). The increased expression levels of BAX and BAD, and the decreased
expression level of BCL2 were obviously reversed by
miR-101 upregulation in OGD/R-exposed SH-SY5Y
cells (Fig. 2C). Furthermore, miR-101 upregulation also
significantly inhibited OGD/R-induced LDH release
(Fig. 2D). The above data suggest that the upregulation
of miR-101 attenuates OGD/R-evoked SH-SY5Y cell
injury.
EZH2 acted as a direct target of miR-101 during OGD/
R-evoked SH-SY5Y cell injury

To investigate the potential target of miR-101, the
expression level of EZH2 was first examined as it was
demonstrated to be a direct target of miR-101 in various cell types (Jiang et al., 2019; Liu et al., 2017; Smits
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et al., 2011). As shown in Fig. 3A, OGD/R treatment
led to a significant increase in EZH2 expression, while
miR-101 upregulation obviously downregulated EZH2
expression, indicating that EZH2 is a direct target of
miR-101 in OGD/R-exposed SH-SY5Y cells. Based
on these findings, a luciferase reporter assay was performed. As shown in Fig. 3B, a significant decrease
in luciferase activity was observed in SH-SY5Y cells
cotransfected with the miR-101 mimic and the wildtype 3’-UTR of EZH2. However, SH-SY5Y cells
cotransfected with the miR-101 mimic and the mutant
3’-UTR of EZH2 showed no obvious difference in
luciferase activity. The above data suggest that EZH2
is a direct target of miR-101 in SH-SY5Y cells under
OGD/R conditions.
The involvement of EZH2 in OGD/R-evoked SHSY5Y cell injury was then investigated. As shown in
Fig. 3C, OGD/R-induced EZH2 upregulation was
markedly inhibited by EZH2 siRNA (Fig. 3C). EZH2
siRNA obviously increased the viability of OGD/R-

Figure 3. OGD/R downregulated miR-101 to upregulate EZH2 and induced cell injury in SH-SY5Y cells.
(A) SH-SY5Y cells were transfected with the mimic control (miNC) or miR-101 mimic (miR-101) for 24 h, and the cells were then cultured under OGD/R conditions. The expression level of EZH2 was determined by western blot. (B) Luciferase activity was analyzed in cells
cotransfected with the wild type (WT) or mutant (MUT) 3’UTR of EZH2 with the control mimic (miNC) or miR-101 mimic (miR-101). (C–E)
SH-SY5Y cells were transfected with the negative control siRNA (siNC) or EZH specific siRNA (siEZH2) for 24 h, and then cultured under
OGD/R conditions. The expression levels of apoptosis-related proteins and EZH2 were determined by western blot (C). Cell viability was
assessed with CCK-8 assays (D). The LDH content was measured with a specific kit (E). **P<0.01 vs. control group; ##P<0.01 vs. OGD/R +
miNC group; @@P<0.01 vs. control + mi101 group; &&P<0.01 vs. OGD/R + siNC group; n=3/group.
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Figure 4. Activation of MAPK14 signaling is required for EZH2-mediated SH-SY5Y cell injury under OGD/R conditions.
(A) SH-SY5Y cells were transfected with the negative control siRNA (siNC) or EZH specific siRNA (siEZH2) for 24 h, and the cells were then
cultured under OGD/R conditions. The expression and phosphorylation levels of MAPK14 and NFKB1 were measured by western blot.
(B–E) siNC or siEZH2-transfected SH-SY5Y cells were treated with vehicle (Veh) or anisomycin (Ani), and cells were then cultured under
OGD/R conditions. The expression and phosphorylation levels of MAPK14 and NFKB1were measured by western blot (B). The expression levels of apoptosis-related proteins were determined by western blot (C). Cell viability was assessed with CCK-8 assays (D). The LDH
content was measured with a specific kit (E). **P<0.01 vs. control group; ##P<0.01 vs. OGD/R + siNC group; &&P<0.01 vs. siEZH2 + vehicle
group; n=3/group.

exposed SH-SY5Y cells (Fig. 3D). The increased expression levels of BAX and BAD, and the decreased
expression level of BCL2 were significantly reversed
by EZH2 siRNA in OGD/R-exposed SH-SY5Y cells
(Fig. 3C). Moreover, EZH2 siRNA notably inhibited
OGD/R-induced LDH release (Fig. 3E). Taken together, the above data suggest that EZH2 acts as a direct
target of miR-101 during OGD/R-evoked SH-SY5Y
cell injury.

EZH2 mediated OGD/R-evoked cell injury by activating
the MAPK14 signaling pathway

To further investigate the mechanism of EZH2-mediated cell injury under OGD/R conditions, the activation of the MAPK14 signaling pathway was examined. As shown in Fig. 4A, the phosphorylation level
of MAPK14 was significantly increased after OGD/R
treatment, while the total expression level of MAPK14
remained unchanged. OGD/R treatment also led to an
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Figure 5. EZH2 regulates miR-101 expression in SH-SY5Y cells under OGD/R conditions.
(A–B) SH-SY5Y cells were treated with or without GSK126, and then cultured under OGD/R conditions. The expression levels of EZH2 and
H3K27me3 were measured by western blot (A). The expression level of miR-101 was determined by RT-qPCR (B). (C–D) SH-SY5Y cells
were transfected with the negative control siRNA (siNC) or EZH specific siRNA (siEZH2) for 24 h, and then cultured under OGD/R conditions. The expression levels of EZH2 and H3K27me3 were measured by western blot (C). The expression level of miR-101 was determined
by RT-qPCR (D). **P<0.01 vs. control group; ##P<0.01 vs. siNC group; n=3/group.

obvious increase in the phosphorylation level of NFKB1
(Fig. 4A), a well-known downstream target of MAPK14,
during I/R-induced injury in various cells, including
neuronal cells (Cai et al., 2021; Li et al., 2021; Liu et al.,
2020c; Wang et al., 2020a; Xu et al., 2021). EZH2 siRNA
significantly reduced the OGD/R-induced phosphorylation of MAPK14 and NFKB1 (Fig. 4A). In OGD/Rexposed SH-SY5Y cells, the EZH2 siRNA-induced inactivation of MAPK14 and NFKB1 was markedly reversed
by anisomycin, the MAPK14 agonist (Fig. 4B). Anisomycin treatment significantly reversed EZH2 siRNAinduced BAX and BAD downregulation and BCL2 upregulation in OGD/R-exposed SH-SY5Y cells (Fig. 4C).
The EZH2 siRNA-induced increase in cell viability and
decreased release of LDH were also significantly inhibited by anisomycin (Fig. 4D–4E). The above data suggest that EZH2 mediates OGD/R-evoked cell injury by
activating the MAPK14 signaling pathway.
Reciprocal regulation between miR-101 and EZH2 in
OGD/R-exposed SH-SY5Y cells

It has been previously reported that EZH2 regulates
miR-101 expression in cancer cells (Wu et al., 2018).
To examine whether miR-101 expression in OGD/Rexposed SH-SY5Y cells was also modulated by EZH2
in our system, the methyltransferase activity of EZH2
was inhibited by GSK126. As shown in Fig. 5A, the expression of EZH2 remained unchanged after GSK126
treatment. However, GSK126 treatment significantly
downregulated H3K27me3 expression in OGD/R-exposed SH-SY5Y cells. GSK126 also upregulated miR101 expression (Fig. 5B). Decreased H3K27me3 levels
and miR-101 upregulation were observed in OGD/Rexposed SH-SY5Y cells after EZH2 siRNA transfection
(Fig. 5C–5D). The above data suggest that miR-101 and
EZH2 reciprocally regulate each other during OGD/Revoked SH-SY5Y cell injury.
DISCUSSION

Accumulating evidence has demonstrated the important role of miR-101 in neuroinflammation, neuronal injury and neurotoxicity (Bu et al., 2020; Liu et al., 2020a;

Zhao and Ai, 2019), but its role in I/R-evoked neuronal
injury is not well understood. In the present study, we
found that OGD/R induced injury in SH-SY5Y cells,
concurrently with the downregulation of miR-101.
OGD/R-evoked SH-SY5Y cell injury was significantly
diminished when miR-101 expression was upregulated.
These results suggest that miR-101 downregulation contributes to I/R-evoked neuronal injury. Based on this
finding, the mechanism underlying the promotional effect of miR-101 downregulation on I/R-evoked neuronal
injury was investigated.
EZH2, a methyltransferase component of polycomb
repressive complex 2 (PRC2), was reported to be the
direct target of miR-101 in different types of cells (Jiang et al., 2019; Liu et al., 2017; Smits et al., 2011). Previous studies demonstrated that EZH2 knockdown
could attenuate cerebral ischemia-reperfusion injury (Jin
et al., 2021; Xue et al., 2019). Therefore, we investigated
whether EZH2 served as a direct target of miR-101 in
our system. Our results showed that EZH2 expression
was increased in OGD/R-exposed SH-SY5Y cells and
that miR-101 targeted the 3’UTR of EZH2 to inhibit its
expression. Furthermore, silencing EZH2 with a siRNA
significantly attenuated OGD/R-evoked SH-SY5Y cell
injury. According to the above results, EZH2 acts as a
direct target of miR-101 during OGD/R-evoked SHSY5Y cell injury. As a miRNA, miR-101 was shown to
target different downstream proteins under I/R conditions (Kim et al., 2014; Li et al., 2019; Qin et al., 2019;
Song et al., 2019a; Zhao et al., 2020). It will be interesting
to determine whether other targets of miR-101 associated with neuronal injury and their crosstalk with EZH2
are reproduced in our system.
Further study on the mechanism of miR-101/EZH2mediated neuronal injury showed that MAPK14 signaling
was involved. We focused our investigation on MAPK14
because previous reports showed that the activation of
MAPK14 signaling was regulated by EZH2 (Liang et
al., 2019; Moore et al., 2013). Moreover, the activation
of MAPK14 signaling was shown to exacerbate I/Rinduced injury in different tissues, including cerebral tissue (Ali et al., 2021; Liang et al., 2019; Song et al., 2020;
Wang et al., 2015). In the present study, EZH2 suppression by an siRNA significantly inhibited the OGD/R-in-
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duced activation of MAPK14 and NFKB1, a well-known
downstream target of MAPK14, during I/R-induced cell
injury (Cai et al., 2021; Li et al., 2021; Liu et al., 2020c;
Wang et al., 2020a; Xu et al., 2021). When the activity of
MAPK14 was upregulated by anisomycin, the inhibitory
effect of EZH2 suppression on OGD/R-evoked SHSY5Y cell injury was dramatically diminished, indicating
that miR-101/EZH2-mediated neuronal injury may be
due to an increase in MAPK14 activity. Previous studies
reported that the expression and activity of EZH2 were
regulated by MAPK14 signaling (Anwar et al., 2018; Nishioka et al., 2015; Ozes et al., 2018). Whether MAPK14
affects EZH2 expression or activity in our system is another interesting point for us to investigate in the near
future.
In the investigation of the mechanisms involved in
OGD/R-induced miR-101 downregulation in SH-SY5Y
cells, we found that EZH2 suppression markedly upregulated miR-101 expression in OGD/R-exposed SHSY5Y cells, indicating a reciprocal regulation between
miR-101 and EZH2 in OGD/R-exposed SH-SY5Y cells.
This finding is similar to those of previous reports (i.e.,
a feedback loop exists between EZH2 and miRNAs in
many tumors, such as the EZH2/miR-26 feedback loop
in hepatocellular carcinoma, the EZH2/miR-101 feedback loop in multiple myeloma and the EZH2/miR141 feedback loop in epithelial ovarian cancer) (Deng et
al., 2017; Liu et al., 2020b; Song et al., 2019b; Wu et al.,
2018; Zhuang et al., 2016). As a methyltransferase component of PRC2, EZH2 was shown to silence the transcription of specific genes and mediate chromatin compaction by catalyzing the trimethylation of histone H3
at lysine 27 (H3K27me3) and directly interacting with
DNA methyltransferase, respectively (Li et al., 2020; Liu
et al., 2018; Wu et al., 2017). In the present study, when
the methyltransferase activity of EZH2 was inhibited
by GSK126, OGD/R-induced miR-101 downregulation
and H3K27me3 upregulation were obviously reversed.
Therefore, we conclude that EZH2 inhibits the expression of miR-101 by catalyzing H3K27me3.
OGD/R of SH-SY5Y cells has been widely used to
investigate neuronal injury or death caused by I/R due
to the similar properties of SH-SY5Y cells with neurons in morphology, neurochemistry, and electrophysiology (Cai et al., 2021; Jin et al., 2020; Shan et al., 2021).
However, use of SH-SY5Y cells as OGD/R cell model
involves some limitations. Firstly, SH-SY5Y cells were
originated from the parental neuroblastoma cell line
SK-N-SH and have undergone clonal changes through
three rounds of clonal selection (Kovalevich et al., 2021).
Secondly, although differentiated SH-SY5Y cells have
a functionally mature neuronal phenotype (Kovalevich
et al., 2021; Shipley et al., 2016), whether it has similar
expression profiles of proteins or miRNAs with mature
neurons in the human brain after OGD/R exposure remains unclear. To overcome the limitation of cell line
systems, further studies are needed to confirm our findings with primary neurons.
In conclusion, our study demonstrated that miR-101
and EZH2 form a negative feedback loop and drive
OGD/R-induced injury by activating the MAPK14 signaling pathway in SH-SY5Y cells. Although an in vivo
study is still needed, our findings are of potential pathophysiological importance for understanding the molecular mechanisms of I/R-evoked neuronal injury in brainrelated diseases.
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