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Background: Nuclear factor erythroid 2-related factor 2 (Nrf2) is a key regulator respon-
sible for oxidative stress in brain injury. This study aimed to investigate the potential
mechanism of miR-448-3p and Nrf2 in cerebral ischemia/reperfusion (I/R) injury.
Methods: In vitro and in vivo cerebral I/R injury models were constructed, and Nrf2
expression levels were detected by qRT-PCR and Western blot. The potential miRNAs for
Nrf2 were predicted by bioinformatic analysis. The binding interaction between miR-448-3p
and Nrf2 was determined by luciferase reporter assay. The effects of miR-448-3p on
neurological deficit, infarct volume, and brain water content in mice were tested. The effects
of miR-448-3p on oxidative stress indicators (SOD activity, MDA content, and ROS
production) were detected by commercial assay kits. The levels of HO-1 and cleaved
caspase-3 were evaluated by Western blot. Cell viability was evaluated by MTT assay, and
cell apoptosis was evaluated by TUNEL staining and flow cytometry.

Results: Nrf2 was significantly downregulated and miR-448-3p was upregulated in cerebral
I/R injury both in vivo and in vitro. MiR-448-3p downregulation efficiently attenuated brain
injury and reduced oxidative stress and apoptosis. MiR-448-3p was identified to act as
ceRNA of Nrf2 and negatively regulated Nrf2 expression, which was consistent with the
animal studies. In addition, Nrf2 silencing obviously attenuated the neuroprotective effects of
miR-448-3p inhibitor in vitro.

Conclusion: MiR-448-3p participated in the regulation of cerebral I/R injury via inhibiting
Nrf2.
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Introduction

Stroke is one of the major leading causes of disability and death in the world.'
Cerebral ischemia-reperfusion (I/R) injury is one type of brain injuries during
treating ischemic stroke by vascular recanalization.® One of the most crucial
components of cerebral I/R injury is reactive oxygen species (ROS)-induced tissue
damages and apoptosis.* Therefore, better understanding the regulation involved in
oxidative injury contributes to identifying potential therapeutic targets.

Increasing evidences confirmed the important roles of oxidative stress in the
pathogenesis of cerebral I/R injury.” Wu et al found that ROS and malondialdehyde
(MDA) were dramatically elevated in brain tissues of mice subjected to middle
cerebral artery occlusion (MCAOQ), and the activity of antioxidants, including SOD,
was significantly reduced.® Nrf2 has been identified to be a key regulator in
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response to antioxidant stress.” Previous studies demon-
strated that Nrf2 promotes the activity of antioxidants to
reduce ROS production in brain and attenuates cerebral I/
R injury.® However, the regulatory mechanisms of Nrf2 in
cerebral I/R injury have not been well elucidated.
MicroRNAs (miRNAs) are emerged as a class of small
endogenous molecules with approximately 22 nucleotides
in length.” It has been reported that miRNAs function as
competing endogenous RNAs (ceRNAs) of mRNAs to
regulate a series of pathogenic processes.'® Along with
the development of ischemic stroke studies, more and
more miRNAs involved in cerebral I/R injury have been
identified. For example, miR-132 attenuates cerebral
injury via protecting blood—brain barrier disruption.'' In
addition, many miRNAs participate in cerebral I/R injury,
including miR-34b,'> miR-124-5p,"* miR-19a-3p,'* and
miR-7-5p."°
miRNA biomarkers in cerebral I/R injury, more effective

Despite identification of many potential

miRNA indicators are still urgent.

In this study, we constructed I/R injury models both
in vitro and in vivo and confirmed Nrf2 downregulation
during I/R injury. Moreover, we identified that miR-448-
3p was an upstream miRNA of Nrf2, and this axis closely
participated in the regulation of oxidative stress injury and
apoptosis during I/R injury. Our study demonstrated that
miR-448-3p inhibition efficiently attenuated cerebral I/R
injury by regulating Nrf2, suggesting that miR-448-3p
might be a potential diagnostic and therapeutic target for
cerebral I/R injury.

Materials and Methods

Animal Model

C57BL/6 ] mice (adult, male, weighing 22-25 g) were
maintained in standard environment. These mice were ran-
domly divided into four groups with 6 mice per group,
namely sham group, I/R group, miR-448-3p inhibitor
group, and NC inhibitor group. 100 nM miR-448-3p inhibi-
tor and 100 nM NC inhibitor were injected into the left
lateral ventricle of mice (depth: 3.0 mm dorsal) through
intracerebroventricular injection into mice in the miR-448-
3p inhibitor group and in the NC inhibitor group, respec-
tively. At 24 h after injection, all mice except those in the
shame group were subjected to transient cerebral artery
occlusion (tMCAO) to construct the cerebral ischemia
model as previously described.'® Briefly, mice were sub-
jected to middle cerebral artery occlusion (MCAO) for 2
h under anesthesia. Then, the right internal carotids, internal

carotid arteries and common carotid artery (CCA) were
separated. Next, the right external cerebral artery (CA) and
the CCA were ligated to the distal and proximal ends, and
a piece of monofilament (0.26-mm, round) was inserted
from the external CA to internal CA until it reached the
middle CA to block the blood supply of the middle CA,
leading to occlusion of the middle CA. After 2 h of ische-
mia, the filaments were retracted a few inches to complete
reperfusion. Mice in the sham group were subjected to the
same operation without using monofilaments. At 24 h after
operation, all mice were anesthetized with 3% sodium pen-
tobarbital (30 mg/kg body weight, Sigma, USA) by intraper-
itoneal injection and sacrificed by cervical spine dislocation.
During the operation, the body temperature of all rats was
maintained at 37.0°C. Neurological deficits were evaluated
as previously reported.'” All animal experiments were per-
formed according to the Guidelines for the Care and Use of
Laboratory Animals and approved by the Affiliated Kunshan
Hospital of Jiangsu University.

Infarct Volume

The brain tissues were cut into 1-2 mm coronal sections,
and then incubated with 2% 2, 3,5-triphenyltetrazolium
chloride (TTC; Sigma) for 30 min at 37°C. TTC stained
sections were photographed using a digital camera succes-
sively. The infarct volume was calculated as 100% x
(infarcted area/total brain area).

Brain Water Content

After 24 h of reperfusion, infarct brain hemispheres were
weighted using an electronic scale and presented as wet
weight. After drying overnight at 105°C, dry weight was
measured. The brain water content was calculated as
100% x (wet weight-dry weight)/wet weight.

Hematoxylin and Eosin (H&E) Staining
The brain tissues were embedded in paraffin, sliced into 4
um serial sections, and subjected to hematoxylin and eosin
(H&E) staining as previously described.'® Histopathologic
changes in mouse hippocampal CAl or cerebral cortex
regions were observed using an optical microscope
(DM2500; Leica Microsystems, Germany).

Oxidative Stress Measurement

ROS production in brain tissues and cells was detected by
Reactive Oxygen Species Assay Kits (Beyotime,
Shanghai, China). Malondialdehyde (MDA) and superox-
ide dismutase (SOD) levels in brain tissues and cells were
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detected using commercial assay kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China).

TUNEL Staining

Brain tissue sections or cultured cells were fixed with
paraformaldehyde for 10 min. According to commercially
available TUNEL assay kit (Beyotime, Shanghai, China),
the sections were incubated with 50 uLL of TUNEL reac-
tion buffer for 50 min. Afterwards, the section was incu-
(DAB) for 3 min,
photographed using an epifluorescence microscope at
%400 magnification (Nikon Eclipse 80i).

bated with diaminobenzidine

Cell Culture and OGD/R Model

The mouse neuronal cell line HT22 was purchased from
ATCC and cultured in DMEM media containing 10% FBS
in an incubator with 5% CO, at 37°C. To mimic I/R injury,
HT22 cells were transferred into glucose-free DMEM
medium and maintained in hypoxic incubator chamber
(95% N, and 5% CO,) for 2 h and recultured in glucose-
containing DMEM and maintained in normoxic conditions
for 24 h for re-oxygenation. Control cells were cultured in
glucose-containing DMEM under normoxic conditions.

Cell Transfection

MiR-448-3p mimics, NC mimics, miR-448-3p inhibitor,
and NC inhibitor were synthesized by GenePharma
(Shanghai, China). Specific siRNA-Nrf2 (si-Nrf2) (sc-
37049) and siRNA-NC (si-NC) (sc-37007) were obtained
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Cell transfection was performed by using Lipofectamine
2000 (Invitrogen). Forty-eight hours after transfection,
transfection efficiency was confirmed by qRT-PCR and
cells were subjected to OGD/R treatment.

Table | Sequences of Primers Used in qRT-PCR

MTT Assay

Cell viability was detected using MTT assay. In brief, 1 x
10* HT22 cells were seeded into each well of 96-well
plates and cultured for 24 h. Then, cells were incubated
in media with 50 pL. of MTT (5 mg/mL) for another 4 h at
37°C. The absorbance at 570 nm was detected using
a microplate reader.

QRT-PCR

Total RNA was extracted from brain tissues, plasma, and
cultured cells using Trizol reagent. After reverse transcrip-
tion, real-time PCR was performed on the ABI 7300 Real-
Time PCR System with B-actin and U6 as the internal
reference for mRNAs and miRNAs, respectively. The
expression levels of targets were calculated using the
2722 method. The primers used for gRT-PCR were listed

in Table 1.

Western Blot

Total proteins were extracted from brain tissues and cultured
cells using RIPA lysis buffer, separated by SDS-PAGE, and
transferred onto membranes. After blocking, the membranes
were incubated with primary antibodies against Nrf2 (67 kDa)
(ab89443, 1:500), cleaved Caspase 3 (32 kDa) (ab49822,
1:500), pro-Caspase 3 (35 kDa) (ab32499, 1:500), HO-1 (33
kDa) (ab13243, 1:500), Lamin B (66 kDa) (ab122919,
1:1000), and B-actin (42 kDa) (ab6276, 1:1000). On the
next day, the membranes were subjected to HRP-conjugated
secondary antibody for 1 h. Protein bands were visualized
using enhanced chemiluminescence substrates, and the gray
value of targets were analyzed using Image Lab 5.0.

Bioinformatic Analysis
To determine the upstream miRNAs of Nrf2, Targetscan

(http://www.targetscan.org/vert 72/) and microrna.org

Gene Forward Primer (5'-3') Reversed Primer (5'-3')
miR-106a-5p GATGCTCAAAAAGTGCTTACAGTGCA TATGGTTGTTCTGCTCTCTGTCTC
miR-199a-3p CTTTCTAGAAACTGGAGGCCCAG TGGTGTCTAGACATGGCTACACTTTATAC
miR-142a-5p GGGCCGCATAAAGTAGAAAGC3 CAGTGCGTGTCGTGGAGT
miR-374b-5p TCAGCGGATATAATACAACCTGC TATCGTTGTTCTCCACTCCTTCAC
miR-448-3p TTATTGCGATGTGTTCCTTATG ATGCATGCCACGGGCATATACACT
miR-128-3p GGTCACAGTGAACCGGTC GTGCAGGGTCCGAGGT
miR-126a-5p CATTATTACTTTTGGTACGCG GCAGGGTCCGAGGTATTC

ué CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
Nrf2 GTCTTCACTGCCCCTCATC TCGGGAATGGAAAATAGCTCC
B-actin GCCATGTACGTAGCCATCCA GAACCGCTCATTGCCGATAG
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(http://www.microrna.org/microrna’home.do) were used to
predict the potential target miRNAs of Nrf2.

Dual Luciferase Reporter Assay

The 3’-UTR fragments of Nrf2 containing wild type (WT)
and mutant type (MT) binding site of miR-448-3p were
cloned into pmirGLO vector (Promega, Madison, WI,
USA) to generate recombinant vectors Nrf2 3'-UTR WT/
MUT. HT22 cells were co-transfected with recombinant
vectors and miR-448-3p mimics or NC mimics. After
48 h of transfection, luciferase activity was measured by
the Dual-Luciferase Reporter Assay System (Promega).

Statistical Analysis

Statistical analysis was performed using SPSS 21.0. The
data were presented as means + standard deviation (SD).
Differences between two groups and among multiple
groups were tested by Student’s f-test and one-way
ANOVA (Tukey’s post hoc), respectively. P < 0.05 was
considered as the significant threshold.

Results
MiR-448-3p/Nrf2 Axis Might Be Involved
in Cerebral I/R Injury

It has been reported that Nrf2 plays a crucial role in
antioxidant stress system and significantly decreased in
cerebral I/R injury.'”” In this study, we established
a mouse model with cerebral I/R injury and confirmed
that Nrf2 was significantly downregulated in brain tissues
of mice subjected to I/R injury (p < 0.01, Figure 1A-C).
Considering that miRNAs are a class of regulator of genes
such as Nrf2,° we performed bioinformatic analysis to
predict the potential miRNAs of Nrf2 and found that there
were seven probable miRNAs (Figure 1D). Meanwhile,
qRT-PCR results showed that only miR-448-3p was sig-
nificantly upregulated in brain tissues of mice subjected to
I/R injury (p < 0.01, Figure 1D). In addition, miR-448-3p
level was also obviously increased in plasma of mice
subjected to I/R injury (p < 0.01, Figure 1E). These results
indicated that miR-448-3p/Nrf2 axis may be associated
with cerebral I/R injury.

MiR-448-3p Downregulation Attenuated
Cerebral I/R Injury in vivo
MiR-448-3p expression in brain tissues was upregulated

after 24h reperfusion (p < 0.01, Figure 2A). To determine
the role of miR-448-3p in cerebral I/R injury, miR-448-3p

inhibitor was injected into mice followed by MCAO/R
treatment. The injection efficiency was confirmed by qRT-
PCR (p < 0.01, Figure 2B). MCAO/R treatment signifi-
cantly increased the neurological scores (p < 0.01), infarct
volumes (p < 0.01), and brain water content (p < 0.01) of
mice compared with sham-operation, while miR-448-3p
downregulation obviously reduced MCAO/R-induced ele-
vation of neurological scores (p < 0.01), infarct volumes
(p < 0.01), and brain water content (p < 0.01) in mice
(Figure 2C-E). As shown in Figure 2F, H&E staining in
hippocampal CAl regions of brain tissues showed that
MCAO/R treatment significantly induced hippocampal
CAl neuron death (p < 0.01), while miR-448-3p down-
regulation attenuated I/R injury-induced neuron death
(p <0.01, Figure 2F). H&E staining of sections of cerebral
cortex hippocampal CAl regions also showed that
MCAO/R treatment significantly induced hippocampal
CAl neuron death (p < 0.01, Figure 2G). These results
indicated that miR-448-3p downregulation attenuated cer-
ebral I/R injury.

MiR-448-3p Downregulation Reduced I/R
Injury-Induced Oxidative Stress and

Neuron Apoptosis in Mouse Brains

MCAOJR treatment significantly reduced Nrf2 expression
in brain tissues of mice subjected to I/R injury (p < 0.01),
and miR-448-3p inhibitor obviously increased Nrf2
expression compared with NC inhibitor (p < 0.01,
Figure 3A—C). Further, the effects of miR-448-3p on oxi-
dative stress and apoptosis of brain tissues were investi-
gated. MCAO/R treatment significantly reduced HO-1
expression (p < 0.01) and SOD activity (p < 0.01) and
increased MDA content (p < 0.01) and ROS production (p
< 0.01) in brain tissues of mice compared with sham
operation, while miR-448-3p downregulation reversed
MCAO/R-induced changes in brain tissues compared
with NC inhibitor (HO-1, p < 0.01; SOD activity,
p < 0.05; MDA content, p < 0.01; ROS production,
p < 0.05; Figure 3D-G). Meanwhile, we found that
MCAO/R
caspase-3 level in brain tissues of mice compared with

treatment significantly increased cleaved-
sham operation (p < 0.01), and miR-448-3p downregula-
tion obviously reduced its expression compared with NC
inhibitor (p < 0.01, Figure 3H). In addition, TUNEL stain-
ing of brain tissue sections showed that MCAO/R treat-
ment significantly promoted neuron apoptosis compared

with sham operation (p < 0.01), and miR-448-3p
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Figure | MiR-448-3p might serve as a ceRNA of Nrf2 in cerebral I/R injury. (A) Nrf2 expression in brain tissues was evaluated by qRT-PCR. (B and C) Total Nrf2 protein
(B) and nuclear Nrf2 protein (C) levels in brain tissues were evaluated by Western blot. (D) The seven miRNAs potential upstream of Nrf2 in brain tissues were evaluated
by qRT-PCR. (E) MiR-448-3p expression in plasma was evaluated by qRT-PCR. *p < 0.05 and **p < 0.01.

downregulation reduced I/R injury-induced neuron apop-
tosis compared with NC inhibitor (p < 0.01, Figure 3I).
These results indicated that miR-448-3p downregulation
reduced I/R injury-induced oxidative stress and neuron
apoptosis in mice brains.

Nrf2 Was a Target of miR-448-3p

To further determine the relationship between miR-448-3p
and Nrf2, their putative binding site was predicted, and the
results showed that Nrf2 might be a target of miR-448-3p
(Figure 4A). In addition, luciferase reporter assay was
performed in HT22 cells, and the results showed that
miR-448-3p overexpression significantly reduced the rela-
tive luciferase activity of Nrf2 3'-UTR WT compared with
NC mimics (p < 0.01) but did not change that of Nrf2 3'-
UTR MT (Figure 4B). These results indicated that Nrf2
was a target of miR-448-3p.

MiR-448-3p Downregulation Reduced
OGD/R-Induced Oxidative Stress in
HT22 Cells

To confirm the role of miR-448-3p, HT22 cells were
transfected with miR-448-3p, and subjected to 2 h of
OGD followed by 24 h of re-oxygenation. The transfection
efficiency was confirmed by qRT-PCR (p < 0.01,
Figure 5A). MTT assay showed that OGD/R treatment
significantly reduced HT22 cell viability compared with
control (p < 0.01), and miR-448-3p downregulation
obviously enhanced OGD/R-induced growth defect com-
pared with NC inhibitor (p < 0.05, Figure 5B). OGD/R
treatment significantly reduced Nrf2 expression in HT22
cells (p < 0.01), and miR-448-3p inhibitor obviously
increased Nrf2 expression in OGD/R-treated HT22 cells
compared with NC inhibitor (p < 0.01, Figure 5SC—F). In
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Figure 2 MiR-448-3p downregulation attenuated cerebral I/R injury in vivo. (A) MiR-448-3p expression in brain tissues was evaluated by qRT-PCR at 4 h, |12h, and 24h of
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addition, OGD/R treatment significantly reduced HO-1
expression (p < 0.01) and SOD activity (p < 0.01) and
increased MDA content (p < 0.01) and ROS production
(p <0.01) in HT22 cells compared with the control, while
miR-448-3p downregulation reversed OGD/R-induced
changes in HT22 cells compared with NC inhibitor (HO-
I, p < 0.01; SOD activity, p < 0.05; MDA content,
p < 0.01; ROS production, p < 0.05; Figure 5G-J).
These results indicated that miR-448-3p downregulation
reduced OGD/R induced oxidative stress in HT22 cells.

MiR-448-3p Downregulation Reduced
OGD/R-Induced Apoptosis in HT22 Cells

OGD/R treatment significantly increased
cleaved caspase-3 level in HT22 cells (p < 0.01), and
miR-448-3p downregulation obviously reduced OGD/R-

Similarly,

induced elevation of cleaved caspase-3 in HT22 cells
(p < 0.01, Figure 6A). Meanwhile, TUNEL staining
(Figure 6B) and flow cytometry (Figure 6C) showed that
OGD/R treatment significantly promoted HT22 cell apop-
tosis (p < 0.01), and miR-448-3p downregulation
obviously inhibited OGD/R-treated HT22 cell apoptosis

compared with NC inhibitor (TUNEL staining, p < 0.01;
flow cytometry, p < 0.05). These results indicated that
miR-448-3p downregulation reduced OGD/R-induced
HT22 cell apoptosis.

Nrf2 Silencing Attenuated the Protective
Effects of miR-448-3p Inhibitor on

Oxidative Stress and Apoptosis in vitro

To further determine whether Nrf2 mediated the neuropro-
tective effects of miR-448-3p inhibitor, si-Nrf2 was trans-
fected into HT22 cells, and the transfection efficiency was
confirmed by qRT-PCR (p < 0.01, Figure 7A). HT22 cells
were transfected with miR-448-3p inhibitor, or co-
transfected with miR-448-3p inhibitor and si-Nrf2, and
then subjected to 2 h of OGD followed by 24 h of re-
oxygenation. We found that the neuroprotective effects of
miR-448-3p inhibitor including cell viability, oxidative
stress indicators (HO-1 expression, SOD activity, MDA
content and ROS production), and cleaved caspase-3 level
in OGD/R treated HT22 cells were all reversed by co-
transfection of miR-448-3p inhibitor and si-Nrf2 (all p <
0.05, Figure 7B—G). These results indicated that the
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Figure 3 MiR-448-3p downregulation reduced I/R injury-induced oxidative stress and neuron apoptosis in mice brains. (A) Nrf2 expression in brain tissues was evaluated by
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Figure 4 Nrf2 was a target of miR-448-3p. (A) The putative binding site between miR-448-3p and Nrf2. (B) Dual luciferase reporter assay. **p < 0.01.
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Figure 5 MiR-448-3p downregulation reduced OGD/R-induced oxidative stress in HT22 cells by regulating Nrf2. (A) The transfection efficiency was confirmed by
qRT-PCR. (B) Cell viability was evaluated by MTT assay. (C-E) Nrf2 expression was detected by qRT-PCR (C) and Western blot (D and E). (F) The luciferase
reporter assay of Nrf2/ARE activity. (G-J) HO-1 expression (G), SOD activity (H), MDA content (I), and ROS production (J) in HT22 cells were detected by

commercial assay kits. *p < 0.05 and **p < 0.01.

neuroprotective effects of miR-448-3p inhibitor were par-
tially mediated by Nrf2.

Discussion

In brain tissues, oxidative stress is the main pathophysio-
logical mechanism, and tissues further damaged when
there are no enough antioxidant defenses to remove the
ROS.?! Previous studies have reported that ROS produc-
tion is increased in brain tissues of mice subjected to I/R
injury during the reperfusion process.** Our study demon-
strated that cerebral I/R injury significantly increased ROS
production and reduced SOD activity in brain tissues.
Moreover, miR-448-3p downregulation efficiently reduced

oxidative stress and apoptosis in brain tissues of MCAO/
R-treated mice and OGD/R-treated HT22 cells. These
findings suggested that miR-448-3p served as a ceRNA
of Nrf2 and might be a potential biomarker and efficient
target for cerebral I/R injury.

Nrf2/HO-1-mediated ROS elimination plays an impor-
tant protective role in cerebral I/R injury.”* Our results
confirmed that Nrf2 was significantly downregulated dur-
ing I/R injury both in vitro and in vivo. In addition, I/R
injury reduced HO-1 expression and increased MDA con-
tent in MCAO/R-treated mouse brains and OGD/R-treated
HT22 cells, consistent with previous studies. MiRNAs
have emerged as promising regulators in cerebral I/R
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Figure 6 MiR-448-3p downregulation reduced OGD/R-induced apoptosis in HT22 cells. (A) Cleaved caspase-3 level was evaluated by Western blot. (B and C) Cell
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injury.?* Previous studies reviewed that many miRNAs
mediated the regulation of the major redox homeostasis
switch, Nrf2, in cerebral I/R injury.”> MiR-93 downregu-
lation attenuates cerebral I/R injury by regulating Nrf2/
HO-1 defense pathway.>® To further identify one or more
potential miRNAs of Nrf2, the potential miRNAs against
Nrf2 were predicted, and there were seven probable
miRNAs (miR-106a-5p, miR-199a-3p, miR-142a-5p,
miR-374b-5p, miR-448-3p, miR-128-3p and miR-126a-
5p), suggesting that these seven miRNAs might be
upstream regulators of Nrf2. Of these seven miRNAs,
only miR-448-3p was significantly upregulated, while
miR-106a-5p and miR-128-3p were downregulated in
brain tissues of mice subjected to I/R injury, and miR-
106a-5p and miR-128-3p downregulation did not show
a very significant difference. Therefore, we paid more
attention to the function of miR-448-3p. Considering the
negative correlation between miRNAs and mRNAs, miR-

448-3p might be the ceRNA of Nrf2. Luciferase reporter
assay further determined their binding interaction. MiR-
448-3p is a recently identified miRNA, and its roles have
not been well explored. MiR-448-3p improves diabetic
vascular dysfunction by suppressing epithelial-mesenchy-
mal transition.”’ In addition, one previous study revealed
that miR-448 showed a pivotal role in the development of
ROS-induced cardiomyopathy,”® indicating that miR-448
might be involved in ROS-mediated physiological meta-
bolism. In this study, we demonstrated that miR-448-3p
downregulation attenuated cerebral I/R injury, and Nrf2
silencing obviously reversed the neuroprotective effects
of miR-448-3p inhibitor. These further confirmed the reg-
ulation of miR-448-3p and Nrf2 in cerebral I/R injury.
Except for miR-448-3p, there were also two significantly
downregulated miRNAs (miR-106a-5p and miR-128-3p).
Although the role of miR-106a-5p in cerebral I/R injury

remains unclear, its important function in ROS-mediated
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Figure 7 Nrf2 silencing attenuated the protective effects of miR-448-3p inhibitor on oxidative stress and apoptosis in vitro. (A) The transfection efficiency of si-Nrf2 in
HT22 cells was confirmed by qRT-PCR. (B—G) HT22 cells were transfected with miR-448-3p inhibitor, or co-transfected with miR-448-3p inhibitor and si-Nrf2, and then
subjected to 2 h of OGD followed by 24 h of re-oxygenation. (B) Cell viability was evaluated by MTT assay. (C) HO-| expression was detected by Western blot. (D-F) SOD
activity (D), MDA content (F), and ROS production (F) were detected by commercial assay kits. (G) Cleaved caspase-3 levels in brain tissues were evaluated by Western

blot. *p < 0.05 and **p < 0.01.

cell injury has been studied. MiR-106a-5p downregulation
reduces ox-LDL-induced endothelial cell injury and ROS
production by regulating STAT3 signaling pathway.’ In
addition, recent studies have revealed that miR-106a-5p
acts as a tumor suppressor in different human cancers such
as renal cell carcinoma,’® osteosarcoma,”' prostate cancer,*
and ovarian cancer.”® MiR-128-3p has also been reported to
be associated with oxidative stress in various pathogenic
processes including doxorubicin-induced liver injury®* and
mitochondrial dysfunction in glioma cells.>> Considering the
negative regulation of miRNA and Nrf2, both miR-106a-5p
and miR-128-3p are not ceRNA of Nrf2 and might be
involved in oxidative stress during cerebral I/R injury.
These need to be determined in the subsequent experiments.

In addition, some miRNAs for Nrf2 have been identi-
fied in previous studies such as miR-153,%¢ miR—129-3p,3 7
miR-144,** and miR-140-5p. Although this study did not
predict more potential miRNAs, whether these identified
miRNAs are also involved in Nrf2 regulation in cerebral I/
R injury should be investigated in the future.

Conclusion

Our results demonstrated that miR-448-3p downregulation
protected brain against I/R injury through upregulating Nrf2,
resulting in the reduction of oxidative stress and apoptosis.
Our study suggested that miR-448-3p might be a potential
diagnostic and therapeutic target for cerebral I/R injury.
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