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NF-kB-mediated PI3K/AKT/mTOR signaling pathway
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Abstract

MicroR-146 (miR-146) plays crucial roles in attenuating nerve injury during cerebral ischemia-reperfusion (I/R) injury. The purpose
of this study was to investigate the neuroprotective effect of miR-146 against cerebral I/R injury. Rat model of cerebral I/R
injury was established using 4-vessel occlusion and reperfusion. In this study, miR-146 expression was significantly decreased
in neurons in cerebral I/R injury rat compared to sham group. In addition, miR-146+/+ significantly decreased inflammatory
cytokines, oxidative stress, neuron cell apoptosis and the infarct size in cerebral I/R injury rats (p<0.05). Transfection of miR-146
reduced apoptosis, autophagy and autophagy-related proteins LC-3, Beclin-1 and increased p62 in the neuron cells compared
to control group. Furthermore, overexpression of miR-146 was indicated to directly targeting NF-«kB and activating PI3K/AKT/
mTOR expression in neuron cells. In conclusion, these findings suggested that miR-146 could protect against rat ischemia-
reperfusion injury by targeting NF-kB-mediated PI3K/AKT/mTOR signaling pathway, which offered a potential molecular for
the treatment of cerebral I/R injury.
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Practical Application: The purpose of this study was to investigate the neuroprotective effect of miR-146 against cerebral
I/R injury. Rat model of cerebral I/R injury was established using 4-vessel occlusion and reperfusion. In this study, miR-146
expression was significantly decreased in neurons in cerebral I/R injury rat compared to sham group. In addition, miR-146+/+
significantly decreased inflammatory cytokines, oxidative stress, neuron cell apoptosis and the infarct size in cerebral I/R injury
rats (p<0.05). Transfection of miR-146 reduced apoptosis, autophagy and autophagy-related proteins LC-3, Beclin-1 and increased
p62 in the neuron cells compared to control group. In conclusion, these findings suggested that miR-146 could protect against
rat ischemia-reperfusion injury by targeting NF-kB-mediated PI3K/AKT/mTOR signaling pathway, which offered a potential

molecular for the treatment of cerebral I/R injury.

Introduction

Cerebral ischemia-reperfusion (I/R) injury is associated with
a high incidence of morbidity and mortality (Yang et al., 2013).
Clinical data indicate that global cerebral ischemia is a leading
cause of mortality worldwide (Miiller, et al., 2017; Von der
Brelie et al., 2017; Aldakkan et al., 2017). Several mechanisms
involve in the pathology of cerebral ischemia reperfusion damage
including inflammation, cytotoxicity, oxidative stress, apoptosis
and excitotoxicity (Gabriel-Salazar et al., 2018; Liu et al., 2018b;
Pala et al., 2019). Cerebral I/R injury frequently injuries the
functional area of brain in the hippocampal CA1 pyramidal
layer, which further leads to disorder of central nervous system
and homeostasis (Jia et al., 2014). Many studies demonstrate
that microRNAs are implicated in the pathological processes
of cerebral I/R injury, and involve in neuroprotection against
ischemia and apoptosis in the pathogenesis of cerebral I/R injury.

MicroRNAs are a class of small endogenous ~21 nt noncoding
single-stranded RNAs, which can regulate gene expression at

a transcriptional and/or post-transcriptional level by indirect
or direct regulation of transcription factors (Yang et al., 2009;
Glinsky, 2009; Li et al., 2009; Chang & Mendell, 2007). Previously,
several studies have indicated that microRNAs expression
levels are significantly changed in cerebral I/R injury, which
emphasizes the implication of microRNAs in pathological
processes (Yao et al., 2018; Liang et al., 2018; Tao et al., 2015).
Dysfunction of the microRNA network has been regarded
as a major regulator in cerebral I/R injury (Pan et al., 2017).
MicroRNAs molecules have been predicted or identified by
regulating autophagy-related LC-3 and Beclin-1 proteins during
cerebral I/R injury (Hu & Shen, 2019). However, there is limited
understanding regarding the potential mechanism mediated by
microRNAs in cerebral I/R injury.

Currently, inhibition of NF-«B signaling pathway reduces
expression of inflammatory cytokines during brain I/R injury,
which further leads to improvement of infarct size, neurological
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outcomes, and cerebral I/R injury (Du et al., 2019). In addition,
up-regulation of PI3K/AKT/mTOR signaling pathway suppresses
apoptosis and inhibits autophagy in oxygen glucose deprivation/
reoxygenation injury (Yang et al., 2018). Furthermore, given
that the importance of miR-146 role in I/R injury, microR-146
(miR-146) may regulate apoptosis and improve injury in I/R
injury (Huang et al., 2018). The purpose of this study was to
investigate the possible role and underlying mechanism of
miR-146 in cerebral I/R-induced neuronal apoptosis. Cerebral
I/R rat model were established and we investigated the role of
miR-146 in in the hippocampal CA1 pyramidal layer. Moreover,
we confirmed that the change of NF-kB-mediated PI3K/AKT/
mTOR signaling pathway in the hippocampal CA1 pyramidal
layer in the cerebral I/R injury rat. This study also performed tests
to evaluate inflammatory cytokines concentration to confirm
the role of miR-146 in cerebral I/R injury rat.

2 Materials and methods

2.1 Cerebral I/R rat model

Cerebral I/R mice model was established using the
four-vessel occlusion (4-VO) method as described previously
(Huang et al., 2019). Briefly, a total of 32 miR-146 knock in
(miR-146+/+) and B6 (wild-type, n=16) mice (8 weeks old,
32+5 g body weight) were purchased from the Experimental
Animal Central of Shandong University. All animals were housed
under a 12 h light/dark cycle, 23-25 °C, 55 + 10% humidity
and freely accessed to standard food and tap water. All mice
were fasted for 12 h with water ad libitum before the surgery.
The animals were incised in the midline of the neck, and the
right common carotid artery was bifurcated into the external
carotid artery and the internal carotid artery. An intraluminal
filament (Doccol Corporation, Sharon, USA) was inserted into
the internal carotid artery. The filament was used to block the
right middle cerebral artery. The filament was withdrawn to
allow middle cerebral artery reperfusion after 2 h operation.
Successful occlusion was identified by evaluating the cerebral
blood flow using laser Doppler flowmetry (ADInstruments,
Dunedin, New Zealand). The sham-operated miR-146+/+ mice
underwent anesthesia and vertebral artery occlusion without
the common carotid arteries occlusion. Rats were divided into
three groups: I/R group, miR-146+/+ group, and sham group.
All operative procedures were approved by the Institutional
Animal Care and Use Committee of Fourth people’s hospital
of Shandong jinan, China.

2.2 Enzyme-Linked Immuno Sorbent Assay (ELISA)

Blood samples were obtained from experimental animals
and serum was isolated using centrifugation at 12,000 xg for
10 min at 4 °C. Serum levels of IL1p (RLB00), TNFa (RTA00)
and IL6 (R6000B) were evaluated using a commercial ELISA
(R&D system) according to the manufacturer’s instructions.

2.3 Assessment of MDA

A commercial chemical colorimetrical assay kit (MDA/
UA/vitamin C/vitamin E Detection Kit; Nanjing Jiancheng

Bioengineering Institute, Nanjing, China) was used to measure
MDA levels in serum according to the manufacturer’s instructions.
Quality of MDA was determined using a spectrophotometer
(Genesys 10 UV Scanning UV/VIS Spectrophotometer; Shimadzu,
Tokyo, Japan). The concentration of MDA was expressed as M.

2.4 Measurement of intracellular ROS

ROS Detection Assay Kit (ab139476, Abcam) was used to
analyze the ROS production according to the manufacturer’s
instructions. In brief, serum sample (10 pL) was treated with
a ROS scavenger (5 mM) for 1 h at 37 °C and washed with
PBS three times and then incubated in 100 pL of DCFDA
(10 uM) for 30 min at 37 °C. Fluorescence was measured using
a microplate reader (Fluoroskan Ascent) at 485 nm excitation
and 530 nm emission.

2.5 Assessment of SOD activity

A commercial assay kit SOD Assay Kit (19160-1KT-FE,
Sigma-Aldrich) was used to measure SOD activity. The activity
of SOD in the serum samples was measured according to the
manufacturer’s instructions. The results were recorded using a
microplate reader (Fluoroskan Ascent) at 405nm.

2.6 Infarct volume measurement

The infarct volume was evaluated 24 h after cerebral I/R
rat model establishment. Brain tissue was removed, stored at
-80 °C for 2 h, cut into coronal sections (2 mm thick), and
then incubated in 2% TTC (SigmaeAldrich, Saint Louis, MO,
USA) at 25 °C for 1 h. Brain sections were fixed using 4%
paraformaldehyde for 12 h at 25 °C, and captured using light
microscope (Olympus, Japan). Image ] software (version 4.6)
was used to analyze the infarct area in experimental animals.

2.7 TUNEL staining

Apoptosis of cells were measured using TdT-mediated dUTP
nick-end labeling (TUNEL) staining (Beyotime Biotechnology,
Beijing, China) kit. In brief, brain sections were permeabilized
by proteinase K solution (20 mg/ml) at 25 °C for 2h, raised
with PBS, and then incubated with terminal deoxynucleotidyl
transferase (TdT). Brain sections were added fluorescein at 37 °C
for 1 h and imaged using a Leica microscope (Leica TCS SP8,
Solms, Germany). For neuronal cells, cells (1 x 10°) were fixed
with 4% paraformaldehyde for 2 h at 25 °C, washed with PBS,
incubated with TdT and DAPI (5%) for 2 h at 25 °C. Images of
cells were captured using a Leica microscope (Leica TCS SP8,
Solms, Germany). Quantification of TUNEL-positive neurons
was imaged using Image-Pro Plus 6.0 (version 3.0).

2.8 Evaluation of neurological score

All mice were evaluated using a neurological evaluation
instrument as described previously (Garcia et al., 1995).
In brief, neurological scoring system was scored as follow:
0-3, spontaneous activity over a 3-minute period, symmetry
of movement, open-field path linearity, or beam walking on a
3cm x 1 cm beam; 1-3 response to vibrissae touch.
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2.9 Immunofluorescence

Neuronal cells, cells (1 x 10°) were fixed with 4% paraformaldehyde
for 2 h at 25 °C Cells were incubated with primary antibody: LC3
(1:1,000; ab48394, Abcam) for 12 h at 4 °C. Cells were incubated
with HRP-conjugated goat anti-rabbit IgG (1:2,000; Santa Cruz
Biotechnology, SantaCruz, CA, USA) for 12 h at 4 °C. Cells were
then incubated with 3,30-diaminobenzidine (DAB,Sigma,
St.Louis, MO,USA). Immunofluorescence followed with appropriate
secondary antibodies (AlexaFluor, MolecularProbesInc.) for
2 hat 25 °C and counterstained with 5% DAPI for 1 h at 25 °C.
Mounting medium was added on the slides prior to be covered
with cover slips for observation by a laser scanning confocal
microscope (LSM880, Zeiss, Jena, Germany).

2.10 Transient transfection

The construction of plasmids expressing NF-xB
(pcDNA3.1-NF-kB, NF-kB), pcDNA3.1 (Control), miR-146
or miR-negative control (miR-NC) was sythesed by Invitrogen
(Invitrogen; Thermo Fisher Scientific, Inc.). Neuronal cells, cells
(1x10*/well) were cultured in six-well plate and transfected with
NF-«B, Control miR-146 or miR-NC at 80% confluence using
Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer’s instructions. The cells were
cultured for 12 h at 37 °C for further analysis.

2.11 Luciferase reporter assay

The 3’untranslated region (UTR) of NF-kB containing the
binding sites of miR-146 was cloned into the dual luciferase
reporter vector pGL3 (pGL3-NF-kB-3"UTR). Cells were
cultured in 12-well plates at 1x 10° cells/well at 37 °C for 24 h.
After culture, cells were co-transfected with the reporter vector
containing either wild-type or mutant 3’UTR of NF-kB along with
miR-146 using Lipofectamine 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.). Luciferase and Renilla activity was evaluated
using the Dual Luciferase Reporter Assay Kit (Promega) after
48-h incubation according to the manufacturer’s instruction.

2.12 Cell counting kit (CCK-8) assay

Neuronal cells were cultured in a 96-well plate at 37 °Cin 5%
CO, for 12 h. Cells were treated with NF-kB inhibitor (NF-«BIR,
2mM, Sigma-Aldrich) for 4 h at 37 °C. Next, CCK-8 (10pl,
Dojindo, Tokyo, Japan) was added into each well and cultured
for 2h at 37 °C. The absorbance at 450 nm was measured using
a microplate reader (Fluoroskan Ascent) at 405 nm.

2.13 Real-time quantitative PCR (RT-qPCR)

Total RNA was isolated from neuronal cells (1 x 107) using
TRIzol® reagent (Takara, Otsu, Shiga, Japan). Equal RNA samples
(1.0 pg) were reversetranscribed to cDNA using the PrimeScript
RT gDNA Eraser kit (Takara, Otsu, Shiga, Japan) according to
manufacturer’s instructions. Primers used in this study were as
follows: LC3: forward: 5-AGCAGCATCCAACCAAAATC-3’;
reverse, 5-CTGTGTCCGTTCACCAACAG-3’; Beclin-1,
forward: 5>-CAATGGTGGCTTTCCTGGAC-3’,
reverse, 5-TGAGAGCTTTTGTCCACTGCT-3’; p62:
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forward: 5>-GTCAATTTCCTGAAGAATGTGGG-3’;
B-actin: forward: 5-AGATGTGGATCAGCAAGCA-3;
reverse, 5-GCGCAAGTTAGGTTTTGTCA-3; reverse,
5-GAGTTCACCTGTG GATGGGTC-3’; miR-146a-3p
(5’-3: CCTGTGAAATTCAGTTCTTCAG). U6 (5°-3":
AGAGAAGATTAGCATGGCCCCTG”). Quantitative PCR
was performed with SYBR Premix ExTaq TMII (Takara, Otsu,
Shiga, Japan) with a help of 7500 real-time PCR System (Applied
Biosystems, Foster City, CA, USA). The relative expression of
mRNA or miRNA was calculated using 24T method and
normalized to the expression of B-actin or U6, respectively.

2.14 Western blot analysis

Neuronal cells (1 x 10%) were lysed using Radio
Immunoprecipitation Assay (RIPA, Sigma-Aldrich) buffer and
the quality of total proteinswas quantified using the bicinchoninic
acid (BCA) protein concentration assay kit (Biyuntian, Beijing,
China). Equal amounts of protein (40 pg) was separated
by 12% SDS-PAGE gels and transferred to polyvinylidene
fluoride (PVDF) membranes (Millipore, Massachusetts, USA).
Membranes were blocked with 5% BSA (Sigma-Aldrich) for2h
at room temperature. After washing with PBS, the membranes
were incubated with primary antibody, PI3K (sc-423), AKT
(s¢-293172), mTOR (sc-293172), p-PI3K (sc-7174), p-AKT
(sc-33437), p-mTOR (sc-33437), -actin (sc-8432) at 1:1,000
dillutions at 4 °C overnight, followed by secondary antibody
(1: 2,000, sc-8196, Santa Cruz Biotechnology) for 2 h at 25 °C.
Finally, the blots were inspected by Emitter Coupled Logic
(ECL) substrate (Thermo Scientific, Rockford, IL, USA) on
Kodak X-ray films or using a chemiluminescence image analysis
system (Tanon 5200). The intensity of the bands was analyzed
using Quantity One software version 4.62 (Bio-Rad).

2.15 Statistical analyses

All data are expressed as the mean + SD of at least three
independent experiments. Student’s t-test and one-way ANOVA
analysis followed by Tukey’s test were used for statistical data
evaluations. A p value less than 0.05 is considered significant.

3 Results

3.1 miR-146+/+ decreases brain damage in cerebral I/R
injury rat

To investigate the role of miR-146 in the cerebral I/R in
rats, NSS score and histological analyses were performed
in experimental rats. Expression of miR-146 was significantly
decreased in hippocampal CA1 pyramidal layer in cerebral I/R
injury mice compared to sham group (Figure 1A). Compared with
I/R group, miR-146+/+ rats presented higher neurological score.
No significant difference was found between miR-146+/+ group
and sham group (Figure 1B). miR-146+/+ significantly decreased
cell apoptosis in hippocampal CA1 pyramidal layer compared to
I/R group (Figure 1C). Compared with I/R group, a significant
decreased infarct size of hippocampal CA1 pyramidal layer was
shown in miR-146+/+ mice (Figure 1D).
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Figure 1. miR-146+/+ decreased brain damage in cerebral I/R injury rat. (A) Expression of miR-146 in hippocampal CA1 pyramidal layer in
cerebral I/R, miR-146+/+ and sham group; (B) Neurological score of cerebral I/R, miR-146+/+ and sham group; (C) Apoptosis in hippocampal
CA1 pyramidal layer in cerebral I/R, miR-146+/+ and sham group; (D) Infarct size of hippocampal CA1 pyramidal layer in cerebral I/R, miR-
146+/+ and sham group. **P<0.01 compared with miR-NC group. nsP>0.05 compared with miR-NC group.

3.2 miR-146+/+ down-regulates inflammation and was observed in miR-146+/+ mice compared to I/R group
oxidative stress in cerebral I/R injury rat (Figure 2A). Compared with I/R group, miR-146+/+ increased
The anti-inflammatory and antioxidant effects of miR-146 the contents of malondialdehyde (MDA), the activity of

were investigated in cerebral I/R injury rat. A significant  superoxide dismutase (SOD) and decreased ROS in serum in
decreasing in the levels of serum IL-1p, IL-6 and TNF-a  I/Rinjury rat (Figure 2B-D).
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Figure 2. miR-146+/+ down-regulated inflammation and oxidative stress in cerebral I/R injury rat. (A) The levels of serum IL-1p, IL-6 and TNF-a
in cerebral I/R, miR-146+/+ and sham group; (B-D) The contents of MDA (B), the activity of SOD (C) and ROS (D) in serum in cerebral I/R,
miR-146+/+ and sham group. **P<0.01 compared with miR-NC group. nsP>0.05 compared with miR-NC group.

3.3 miR-146 inhibits neuronal cell death and improves
neuronal cell survival

We further investigated the effect of miR-146 transfection
on neuronal cell survival. As illustrated in Figure 3A, miR-146
transfection showed significant increasing expression levels of
miR-146 in neuronal cells compared to the control miRNA.
Transfection of miR-146 significantly improved neuronal cell
survival compared to control miRNA (Figure 3B).

3.4 miR-146 reduces apoptosis and autophagy in neuronal cell

The apoptosis and autophagy was analyzed in neuronal cell
after transfection with miR-146. Transfection of miR-146 inhibited
apoptosis of neuronal cells compared to control group (Figure 4A).
As shown in Figure 4B, miR-146 reduced autophagy in neuronal
cell basing LC3 protein expression. RT-QPCR and Western blot
demonstrated that miR-146 decreased autophagy-related gene
and proteins LC-3, Beclin-1 and increased p62 in neuronal cells
(Figure 4C-D).

3.5 miR-146 directly modulates NF-xB expression in
neuronal cell

The target molecular of miR-146 was detected in neuronal
cells using luciferase reporter assay. The results showed
that luciferase activity was reduced by co-transfection with
miR-146 mimics carrying the 3’UTR of NF-kB compared with
the negative control (Figure 5A). The results of Western blotting
showed that miR-146 transfection decreased NF-«xB and pNF-«B
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expression in neuronal cells (Figure 5B). These data indicated
that miR-146 transfection directly inhibited the expression of
NF-«B in neuronal cells.

3.6 miR-146 activates PI3K/Akt/mTOR signaling pathway
by targeting NF-«B gene in neuronal cell

To further investigate the possible mechanism of miR-146,
PI3K/Akt/mTOR signaling pathway was analyzed in neuronal
cells after transfection with miR-146. Transfection with
miR-146 increased PI3K, p-PI3K, Akt, p-Akt, mTOR and
p-mTOR expression in neuronal cells (Figure 6A). NF-xB
overexpression canceled miR-146-increased (miR-146+NF-kB)
PI3K, p-PI3K, Akt, p-Akt, mTOR and p-mTOR expression in
neuronal cells compared to control (Figure 6A). Treatment with
NF-kB inhibitor (NF-kBIR) increased PI3K, Akt and mTOR
expression in neuronal cells compared to control (Figure 6B).
Overexpression of NF-«B also abolished miR-146-decreased
apoptosis of neuronal cells (Figure 6C). These data indicated
that miR-146 activates PI3K/Akt/mTOR signaling pathway by
targeting NF-xB gene in neuronal cell.

4 Discussion

MicroRNAs (miRs) have become crucial posttranscriptional
regulators of gene expression by regulation of various signal
pathways during ischemia reperfusion injury (Lorenzen et al., 2013;
Weiss et al., 2012; Zhai et al., 2012). Study has found that miR-146
protects renal function via targeting IGSF1 by activation of PI3K/
AKT (Huang et al., 2018). In this study, we showed that miR-146
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on PI3K, p-PI3K, Akt, p-Akt, mTOR and p-mTOR expression in neuronal cells; (B) Effects of inhibitor (NF-kBIR) on PI3K, Akt and mTOR
expression in neuronal cells compared to control. **P<0.01 compared with miR-NC group. nsP>0.05 compared with miR-NC group.

protected mice against cerebral I/R injury rat compared with
the control group. In vivo findings indicated that miR-146+/+
decreased brain damage, inflammation and oxidative stress
in cerebral I/R injury rat compared to I/R injury rat. In vitro
assay demonstrated that miR-146 inhibited neuronal cell death,
reduced apoptosis and autophagy in neuronal cells. Data suggest
that miR-146 improves cerebral I/R injury rat via activating
PI3K/Akt/mTOR signaling pathway by targeting NF-«xB gene
in neuronal cell.

Inflammation plays crucial role in the processes of cerebral
I/R injury reducing inflammatory cytokines, such as intercellular
cell adhesion molecule-1 (ICAM-1), nuclear factor-kappaB
(NF-kappaB), tumor necrosis factor (INFa), and interleukin-1
beta (IL1p) in a rat model of transient global cerebral ischemia/
reperfusion attenuated cerebral ischemia/reperfusion injury
(Wu et al.,, 2018). In the current study, miR-146 decreased
serum level of IL-1p, IL-6 and TNF-a in mice model of cerebral
ischemia/reperfusion injury. Inhibition of oxidative stress can
protect rats against I/R injury by regulation of NOX2/NOX4
expression and exacerbates cerebral I/R injury (Lou et al., 2018).
Attenuating oxidative stress contributes neuronal apoptosis
in rats with focal cerebral ischemia-reperfusion injury, which
may serve as a potential target for the treatment of I/R brain
injury (Xia et al., 2018). This study found that miR-146+/+
increased the contents of MDA, the activity of SOD and
decreased ROS in serum in I/R injury rat. Our study indicated

that the mechanisms of miR-146 are associated with decreasing
inflammation and enhancing oxidant defense systems in cerebral
ischemia-reperfusion injury rat.

Decreasing apoptosis presents a protective effect on cerebral
ischemia reperfusion injury in rats (Liu et al., 2018¢). The results
of in previous study indicate reducing endoplasmic reticulum
stress stress-induced apoptosis is a potential novel therapeutic
target for the treatment of cerebral I/R injury (Liu et al., 2018a).
The results in this study demonstrated that miR-146 had protective
effect on apoptosis of neuronal cell, which decreased cell
apoptosis and infarct size of hippocampal CA1 pyramidal layer
was shown in cerebral I/R injury mice. Data demonstrated that
miR-146 decreased autophagy-related proteins LC-3, Beclin-1
and increased p62 in neuronal cells, which further explained
anti-apoptotic mechanism of miR-146. Thus, miR-146 may be
a promising potential therapeutic molecular for the treatment
of ischemic brain injury.

Previously, suppressing the NF-«B signaling pathway alleviates
inflammatory injury in cerebral I/R rats (Jiang et al., 2017).
In addition, PI3K/Akt/mTOR signaling pathway may provide
distinct cellular targets for a new generation of therapeutic
agents for the treatment cerebral I/R injury (Li et al., 2015).
Transfection of miR-146 decreased cerebral I/R damage, activation
of NF-kB and excessive activation of autophagy in neuronal
cells. Furthermore, a study indicates that activation of PI3K/
AKT/mTOR pathway shows a neuroprotective effect against
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cerebral ischemia/reperfusion injury (Wan et al., 2016). Here, we
reported that miR-146 directly modulated NF-«kB expression in
neuronal cells. Notably, results in the current study demonstrated
that miR-146 activated PI3K/Akt/mTOR signaling pathway by
targeting NF-kB gene in neuronal cell. Further investigations
are required to identify other possible mechanism of miR-146
with other signaling systems that understand the therapeutic
efficacy in the pathological processes.

In conclusion, the findings of this study suggest that miR-146
provides neuroprotective effects against cerebral I/R injury, which
is partially mediated by activation of NF-kB-mediated PI3K/AKT/
mTOR. Results regarding the miR-146-mediated inflammation,
oxidative stress and apoptosis provide a new insight into and
therapeutic agent for cerebral I/R injury. This study provides
evidences for a potential mechanism involved in pathophysiology
of cerebral I/R injury.
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