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Abstract
Background ‒ This study aimed to explore the role of
miR-380-5p in cerebral ischemia/reperfusion (CIR) injury-
induced neuronal cell death and the potential signaling
pathway involved.
Methodology ‒ Human neuroblastoma cell line SH-SY5Y
cells were used in this study. Oxygen and glucose depri-
vation/reperfusion (OGD/R) model was used to mimic
ischemia/reperfusion injury. CCK-8 assay and flow cyto-
metry were used to examine cell survival. Quantitative
real time PCR (RT-qPCR) assay and Western blotting
were used to measure the change of RNA and protein
expression, respectively. TargetScan and Luciferase
assay was used to confirm the target of miR-380-5p.
Malondialdehyde (MDA) superoxide dismutase (SOD)
and glutathione peroxidase (GSHPx) were measured
using commercial kits.
Results ‒ miR-380-5p was downregulated in SH-SY5Y
cells after OGD/R. Cell viability was increased by miR-
380-5p, while cell apoptosis was reduced by miR-380-
5p mimics. MDA was reduced by miR-380-5p mimics,
while SOD and GSHPx were increased by miR-380-5p.
Results of TargetScan and luciferase assay have showed
that BACH1 is the direct target of miR-380-5p. Expression
of NRF2 was upregulated after OGD/R, but was not
affected by miR-380-5p. mRNA expression of HO-1 and
NQO1 and ARE activity were increased by miR-380-5p.
Overexpression of BACH1 reversed the antioxidant and
neuroprotective effects of miR-380-5p.

Conclusion ‒ miR-380-5p inhibited cell death induced
by CIR injury through target BACH1 which also facilitated
the activation of NRF2, indicating the antioxidant and
neuroprotective effects of miR-380-5p.
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1 Introduction

Approximately 80% of strokes were caused by cerebral
ischemia, which is the most common atherosclerotic dis-
ease in the cerebral blood vessels [1,2]. Cerebral ischemia/
reperfusion (CIR) injury could result in serious dysfunction
of brain with high risk of disability and mortality [3]. If the
cerebral ischemia was not reversed within a short time,
neuronal cell death would be observed around the affected
vessels, termed infarction [5]. So far, there are no effective
treatment for CIR injury. Thus, the therapeutic strategies of
CIR injury aim to prevent neuronal cell death, which will
reduce the infarct size [4].

During cerebral ischemia, the blood supply to brain
was reduced, which led to the reduction of oxygen and
glucose supply to the affected brain tissue [6]. Aerobic
metabolism promoted the abundance of reactive oxygen
species (ROS), a type of free radical, which contributed to
cell necrosis and death lipid peroxidation [7]. In normal
condition, ROS can be scavenged by superoxide dismu-
tase (SOD), themost crucial antioxidant enzyme in brain [8].
SOD can convert −O2 into H2O2, and further into H2O and O2

by glutathione peroxidase (GSHPx) [7,9]. Therefore, increase
of SOD and GSHPx activity could prevent cell death during
CIR injury. In addition to SOD and GSHPx, nuclear factor
erythroid 2-related factor 2 (NRF2) also involved into the
transcription of antioxidant genes and activation of NRF2
and its target genes could prevent CIR injury in brain [10].

As a class of small noncoding RNAs, miRNAs parti-
cipate in many physiopathological processes through
inducing translational repression of their target mRNAs [11].
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Dysregulation of miRNAs after CIR injury was observed using
miRNA-profiling technique, suggesting that miRNAs engaged
in the response to CIR injury [12]. Eight miRNAs have been
upregulated after 3 h of reperfusion and, among them, miR-
200b,miR-200c, andmiR-429 have demonstrated their neuro-
protective effects through targeting prolyl hydroxylase 2
[13]. The goal of this study is to figure out the dysregula-
tion of miR-380-5p and its role in CIR injury-induced
neuronal cell death, providing new insight for the treat-
ment of CIR injury.

2 Methods

2.1 Cell culture and treatment

Human neuroblastoma cell line SH-SY5Y cells were
obtained from American Type Culture Collection (ATCC,
USA) and cultured into Dulbecco’s Modified Eagle’s
Medium (DMEM) that contained 1% penicillin/strepto-
mycin (Invitrogen, USA) and 10% fetal bovine serum
(FBS, Gibco, USA) at 37°C with 95% air and 5% CO2

(normal condition) in a humidified incubator.
Oxygen and glucose deprivation/reperfusion (OGD/R)

model was used to mimic ischemia/reperfusion injury in
this study. Briefly, SH-SY5Y cells were cultured with glu-
cose-free DMEMwith 95% N2 and 5% CO2 (anaerobic con-
dition) for 6 h and then cultured in normal condition for
another 24 h to induce reoxygenation.

miR-380-5p mimics, miR-380-5p inhibitors, and their
negative controls were obtained from Guangzhou RiboBio
Co., LTD (RiboBio, China). BACH1-overexpression vectors
and its control vectors were also purchased from RiboBio.
1 × 105 cells per well of SH-SY5H cells were incubated in the
6 well plates. Before 48 h of OGD/R, cell transfection or
co-transfection was conducted using lipofectamine 2000
according to the manufacturer’s instructions.

Ethical approval: The conducted research is not related to
either human or animals use.

2.2 Examination of cell viability and
apoptosis

Cell viability was detected using CCK-8 kit (Sigma-Aldrich,
USA). After treated as described above, SH-SY5Y cells were

seeded in the 96-well plate at the density of 104 cells per
well and cultured at 37°C overnight. The medium was
removed, and the cells were washed with PBS. 10 µL
of CCK-8 reagent was added to each well and incubated
at 37°C for 2 h. The optical density value at 450 nm
was measured and recorded using a Bio-Rad microplate
reader.

Cell apoptosis was measured using flow cytometry.
After treated as described above, SH-SY5Y cells were
resuspended and stained using Annexin V-FITC Apoptosis
Detection Kit (Sigma-Aldrich). Ten thousand cells were col-
lected using flow cytometry (FACScan, USA) and the results
were analyzed using FlowJoTM v10.6.1 (FlowJo, USA).

2.3 Measurement of malondialdehyde
(MDA), SOD, GSHPx, and antioxidant
response element (ARE)

Change of MDA, SDO, GSHPx, and ARE was measured
using the commercial kits, Lipid Peroxidation (MDA)
Assay Kit (Sigma-Aldrich), Superoxide Dismutase Activity
Assay Kit (Abcam, United Kingdom), Glutathione Peroxi-
dase Assay Kit (Cayman Chemicals, USA), and ARE Reporter
Kit (Bioscience, USA), respectively, according to the manu-
facturer’s protocols.

2.4 Luciferase assay

The 3′ untranslated region (3′-UTR) of BACH1 and its
mutant sequence (GeneCopoeia, USA) were inserted into
the pGL3 vector (Promega, USA) to form luciferase reporter
plasmids, BACH1-WT and BACH1-MUT, respectively. miR-
380-5p mimics, miR-380-5p inhibitors or their negative
controls, were then co-transfected with BACH1-WT and
BACH1-MUT, respectively. The change of luciferase activity
was measured using the Promega Dual-Luciferase Reporter
Assay System.

2.5 RNA extract and quantitative real time
PCR (RT-qPCR) assay

Total RNA was extracted using PureLinkTM RNA Mini Kit
(Thermo Fisher, USA). 10 ng of RNA was used to reverse
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transcription to synthesize cDNA using QuantiTect Reverse
Transcription Kit (QIAGEN, Germany), and RT-qPCR was
performed using QIAGEN OneStep RT-PCR Kit (QIAGEN).
RT-qPCR of miR-380-5p was performed using miScript
SYBR® Green PCR Kit (QIAGEN). Relative expression of
RNAs was quantified using 2−ΔΔCT method [14]. The pri-
mers used in this study were: U6 forward 5′-CTCGCTTCG
GCAGCACA-3′ and reverse 5′-AACGCTTCACGAATTTG
CGT-3′; HO-1, forward 5′-ATGACACCAAGGACCAGAGC-3′
and reverse 5′-TGTAAGGACCCATCGGAGA-3′; NQO1, for-
ward 5′-CTCGCCTCATGCGTTTTTG-3′ and reverse 5′-CCCC
TAATCTGACCTCGTTCAT-3′; β-actin forward, 5′-AGCCTCG
CCTTTGCCGA-3′ and reverse, 5′-CTGGTGCCTGGGGCG-3′.

2.6 Western blotting

The treated SH-SY5Y cells were lysed to extract the pro-
teins using RIPA lysis and extraction buffer (Thermo
Fisher). Nuclear proteins were extracted using Cyto-
plasmic And Nuclear Protein Extraction Kit (BosterBio,
USA). 5 µg of total protein was loaded into 8% of sodium
dodecyl sulphate-polyacrylamide gel and separated by
electrophoresis. The separated protein was transferred
from the gels to the PVDF membranes and the PVDF
membranes were blocked by 5% of fat-free milk for 1 h
at room temperature. The proper primary antibodies
were used to probe the target proteins overnight at
4°C followed by incubating the membrane with proper
secondary antibodies (ThermoFisher) for 2 h at room
temperature. The strength of protein signal was detected
using SignalFire™ ECL Reagent (CST, USA). The primary
antibodies used in this study were: BACH1 (sc-271211,
1:1,000 dilution), NRF2 (ab137550, 1:1,000 dilution),
Lamin B2 (ab233530, 1:800 dilution), and β-actin (ab8227,
1:5,000 dilution).

2.7 Statistical analysis

All statistical analyses were performed using SPSS v19.0
(IBM, USA). All experiment data were presented as mean ±
standard error of mean (SEM). Student’s t test and one-
way ANOVA were used to compare the difference between
two groups and multiple groups, respectively. p value
less than 0.05 was considered statistically significant
difference.

3 Results

3.1 Upregulation of miR-380-5p promoted
cell survival and inhibited cell apoptosis
induced by OGD/R

Expression of miR-380-5p was significantly downregu-
lated at 4, 8, and 12 h after OGD/R in SH-SY5Y cells
(Figure 1). Cell viability was greatly reduced after OGD/
R (Figure 2a). The reduction of cell viability was further
enhanced by inhibition of miR-380-5p and was reversed
by overexpression of miR-380-5p (Figure 2a). The number
of apoptotic cells was significantly increased after OGD/R
(Figure 2b). Cell apoptosis was increased by miR-380-5p
inhibitors and reduced by miR-380-5p mimics after OGD/R
(Figure 2b).

3.2 Overexpression of miR-380-5p
repressed the oxidative stress after
OGD/R

After OGD/R, MDA level was increased in SH-SY5Y cells
(Figure 3a). MDA level was further increased after OGD/R
in cells transfected with miR-380-5p inhibitors compared
with control group, while the OGD/R-induced increase
of MDA was inhibited in cells transfected with miR-
380-5p mimics compared with control group (Figure 3a).
After OGD/R, SOD was significantly reduced in SH-SY5Y
cells (Figure 3b). The reduction of SOD induced by
OGD/R was promoted by miR-380-5p inhibitors and pre-
vented by miR-380-5p mimics (Figure 3b). Similarly,
GSHPx was significantly reduced after OGD/R in SH-SY5Y

Figure 1: Expression of miR-380-5p was downregulated by OGD/R.
**p < 0.01 vs Con. Con: Control; OGD/R: oxygen and glucose
deprivation/reperfusion.
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cells (Figure 3c). The reduction of GSHPx induced by OGD/R
was promoted by miR-380-5p inhibitors and prevented by
miR-380-5p mimics (Figure 3c).

3.3 miR-380-5p directly targeted the 3′-UTR
of BACH1

TargetScan (www.targetscan.org) was used to predict the
potential target of miR-380-5p. The results demonstrated
that there was a complementary sequence between
3′-UTR of BACH1 and miR-380-5p (Figure 4a). Luciferase
assay showed that the luciferase activity was increased
by miR-380-5p inhibitors and reduced by miR-308-5p in
cell co-transfected with BACH1-WT, while the luciferase
activity did not show any significant change in cells co-
transfected with BACH1-MUT (Figure 4b). After OGD/R,

both BACH1 and NRF2 expressions were upregulated in
SH-SY5Y cells (Figure 4c). The expression of BACH1 was
upregulated by miR-380-5p inhibitors and downregu-
lated by miR-380-5p mimics compared with negative con-
trol groups (Figure 4c). The expression of NRF2 was not
affected by either miR-380-5p inhibitors or miR-380-5p
mimics (Figure 4c). In cell nucleus, overexpression of
NRF2 induced by OGD/R was downregulated by miR-
380-5p inhibitors and upregulated by miR-380-5p mimics
(Figure 4d). The relative activity of ARE was increased
after OGD/R (Figure 4e). The increased activity of ARE
was inhibited by miR-380-5p inhibitors and induced by
miR-380-5p mimics (Figure 4e). The mRNA level of HO-1
and NQO1 was upregulated after OGD/R (Figure 4f). Inhi-
bition of miR-380-5p downregulated HO-1 and NQO1
mRNA expression and overexpression of miR-380-5p up-
regulated HO-1 and NQO1 mRNA expression (Figure 4f)

Figure 2: Upregulation of miR-380-5p promoted cell survival and inhibited cell apoptosis induced by OGD/R. (a) miR-380-5p prevented the
reduction of cell viability induced by OGD/R. (b)miR-380-5p inhibited cell apoptosis induced by OGD/R. **p < 0.01 vs Con; ##p < 0.01 vs NC
inhibitor; @@p < 0.01 vs NC mimics. NC: negative inhibitor.

Figure 3: Overexpression of miR-380-5p repressed the oxidative stress after OGD/R. (a) miR-380-5p inhibited OGD/R-induced increase
of MDA. (b) miR-380-5p inhibited OGD/R-induced reduction of SOD. (c) miR-380-5p inhibited OGD/R-induced reduction of GSHPx.
**p < 0.01 vs Con; ##p < 0.01 vs NC inhibitor; @@p < 0.01 vs NC mimics. MDA: malondialdehyde; SOD: superoxide dismutase; GSHPx:
glutathione peroxidase.
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Figure 4: miR-380-5p directly targeted the 3′-UTR of BACH1. (a) A complementary sequence was observed between 3′-UTR of BACH1 and
miR-380-5p. (b) Luciferase activity was increased by miR-380-5p inhibitors and decreased by miR-380-5p mimics in BACH1-WT group.
(c) Expression of BACH1 was downregulated by miR-380-5p mimics, while expression of NRF2 did not show any significant difference.
(d) Expression of BACH1 was upregulated by miR-380-5p mimics in cell nucleus. (e) miR-380-5p promoted the increase of ARE activity
induced by OGD/R. (f) mRNA expression of HO-1 and NQO1 was upregulated by miR-380-5p after OGD/R. **p < 0.01 vs Con; ##p < 0.01 vs
NC inhibitor; @@p < 0.01 vs NC mimics.
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Figure 5: Overexpression of BACH1 reversed miR-380-5p-mediated neuroprotection on SH-SY5Y cells. (a) Overexpression of BACH1 inhibited
the increase of cell viability induced by miR-380-5p mimics. (b) Overexpression of BACH1 inhibited the reduction of cell apoptosis induced
by miR-380-5p mimics. (c) Overexpression of BACH1 inhibited the reduction of MDA induced by miR-380-5p mimics. (d) Overexpression of
BACH1 inhibited the increase of SOD induced by miR-380-5p mimics. (e) Overexpression of BACH1 inhibited the increase of GSHPx induced
by miR-380-5p mimics. (f) Overexpression of BACH1 inhibited the downregulation of BACH1 expression induced by miR-380-5p mimics.
(g) Overexpression of BACH1 inhibited the increase of ARE activity induced by miR-380-5p mimics. (h) Overexpression of BACH1 inhibited
the upregulation of HO-1 and NQO1 mRNA expression induced by miR-380-5p mimics. **p < 0.01 vs OGD/R + NC mimic + vector; ##p < 0.01
vs OGD/R + miR-380-5p mimic + vector.
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3.4 Overexpression of BACH1 reversed
miR-380-5p-mediated neuroprotection
on SH-SY5Y cells

Cell viability was increased by miR-380-5p mimics and
reduced by overexpression of BACH1 in SH-SY5H cells
after OGD/R (Figure 5a). Cell apoptosis was reduced by
miR-380-5p mimics and induced by overexpression of
BACH1 in SH-SY5H cells (Figure 5b). The increase of
cell viability and the reduction of cell apoptosis induced
by miR-380-5p mimics were inhibited by dual-upregula-
tion of miR-380-5p and BACH1 (Figure 5a and b). MDA
level was decreased by miR-380-5p mimics and increased
by BACH1 vectors (Figure 5c). miR-380-5p-induced reduc-
tion of MDA was prevented by co-transfection of miR-380-
5p and BACH1 (Figure 5c). SOD and GSHPx were increased
by miR-380-5p mimics and reduced by BACH1 vectors
(Figure 5d and e). Induction of SOD and GSHPx by miR-
380-5p mimics was prevented by co-transfection of miR-
380-5p and BACH1 (Figure 5d and e). Protein expression of
BACH1 was downregulated by miR-380-5p mimics and
upregulated by BACH1 vectors (Figure 5f). Inhibition of
BACH1 bymiR-380-5pmimics was reversed by co-transfec-
tion of miR-380-5p and BACH1 (Figure 5f). ARE activity,
heme oxygenase-1 (HO-1), and NADPH quinone oxido-
reductase 1 (NQO1) mRNA expression were increased
by miR-380-5p mimics and decreased by BACH1 vectors
(Figure 5g and h). Dual-upregulation of miR-380-5p and
BACH1 inhibited the reduction of ARE activity, HO-1,
and NQO1 mRNA expression by miR-380-5p mimics
(Figure 5g and h).

4 Discussion

As mentioned in the introduction part, CIR injury could
result in serious dysfunction of brain with high risk of
disability and mortality and there is no effective treat-
ment for CIR injury [4]. Thus, a better understanding
of the mechanism of CIR injury may help to provide the
new therapeutic strategy for CIR patients. In this study,
expression of miR-380-5p was repressed after OGD/R.
Further experiment demonstrated that miR-380-5p could
attenuate the neuroblastoma cell death induced by oxi-
dative stress after CIR injury and this process was medi-
cated by direct targeting BACH1 and facilitating NRF2,
indicating that miR-380-5p played the neuroprotective
role during CIR injury.

Dysregulation of miRNAs has been found in many
pathological pathways [11]. Previous study has found

that high expression of miR-380-5p promoted cellular
survival through target 3′-UTR of p53 in neuroblastoma
model, resulting in the poor outcomes of neuroblastoma
[15]. Similarly, data of this study have demonstrated that
miR-380-5p also contributed to neuroblastoma cell sur-
vival after OGD/R. But, in this case, miR-380-5p targeted
3′-UTR of BACH1 to protect brain dysfunction after CIR
injury. By heterodimerizing with Maf proteins, BACH1
could inhibit the transcription of HO-1 and NQO1, 2 oxi-
dative stress-response genes, by binding to Maf recogni-
tion elements (MAREs) [16]. In this study, both inhibition
of miR-380-5p and overexpression of BACH1 have down-
regulated the mRNA expression of HO-1 and NQO1, in
accordance with previous findings. Furthermore, over-
expression of BACH1 reversed the neuroprotective effects
of miR-380-5p after CIR injury, proving that BACH1 is the
direct target of miR-380-5p.

BACH1 and NRF2 are competitors for binding to
MAREs in response to oxidative stress [16]. During oxida-
tive stress, NRF2 is activated and releases from Kelch-like
ECH-associated protein 1 (Keap1), and translocates into
the nucleus, where it competitively binds to MAREs, initi-
ating the transcription of HO-1 and NQO1 [17,18]. Data of
this study have showed that expression of NRF2 was
upregulated after OGD/R, but was not affected by miR-
380-5p inhibitors of mimics. However, NRF2 expression
in nucleus was increased by miR-380-5p mimic. These
data indicated that upregulation of miR-380-5p facili-
tated the activation of NRF2-Keap1 signaling pathway
through repression of BACH1.

After heterodimerizing with MAREs, the target genes
of NRF2, called antioxidant response elements (ARE),
were also activated [19]. ARE activity was increased by
miR-380-5p mimics and decreased by miR-380-5p inhibi-
tors, implying the antioxidant effects of miR-380-5p in
neuroblastoma cells after CIR injury. MDA is the terminal
production of lipid peroxidation and used to measure
the level of lipid peroxidation [20]. As mentioned, SOD
and GHSPx are two antioxidant enzymes [7]. Results of
this study have manifested that miR-380-5p inhibited
MDA level and increased SOD and GHSPx levels, sug-
gesting that miR-380-5p played an antioxidant role in
CIR injury, which prevented neuronal cell injury induced
by OGD/R.

In conclusion, data of this study have showed that
expression of miR-380-5p was repressed after OGD/R.
Further experiment demonstrated that miR-380-5p could
attenuate the neuroblastoma cell death induced by oxi-
dative stress after CIR injury and this process was medi-
cated by direct targeting BACH1 and facilitating NRF2,
indicating that miR-380-5p played the neuroprotective
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role during CIR injury. These results provide the new
insight to CIR injury.
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