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	 Background:	 Ischemia-reperfusion injury is caused by a blood reperfusion injury in ischemic brain tissue, and usually occurs 
in the treatment stage of ischemic disease, which can aggravate brain tissue injury. MiR-122 is closely relat-
ed to ischemia-reperfusion injury in the myocardium, kidney, and liver; however, the role in cerebral ischemia-
reperfusion injury has not been established.

	 Material/Methods:	 In this study, cerebral ischemia-reperfusion injury was established in a rat model, and the control group was a 
sham-operated group. After ischemia-reperfusion injury for 6, 12, and 24 hours, brain tissue specimens were 
collected and the expression of miR-122 and DJ-1 were determined using quantitative real-time polymerase 
chain reaction. Flow cytometry was used to determine the reactive oxygen species (ROS) content. The mod-
ified Neurological Severity Score (mNSS) scale was used to evaluate the sensory and motor function defects 
of the rats. The malondialdehyde (MDA), superoxide dismutase (SOD), and enzyme activity were determined. 
The rats in the cerebral ischemia-reperfusion injury model were divided into 2 groups (antagomir-NC group and 
antagomir miR-122 group). Brain neuron RN-c cells were divided into the following 4 groups: antagomir-NC, 
antagomir miR-122, pIRES2-blank, and pIRES2-DJ-1. Seventy-two hours after transfection, ischemia-reperfu-
sion treatment was carried out and conventional cultured RN-c cells were used as the control group. Flow cy-
tometry was used to detect apoptosis and western blot was used to detect the expression of DJ-1, PTEN, AKT, 
and p-AKT.

	 Results:	 The expression of miR-122 increased significantly in the process of ischemia-reperfusion damage after cere-
bral infarction, while the expression of DJ-1 decreased significantly. Downregulation of miR-122 significantly 
increased the expression of DJ-1, enhanced the activity of the PTEN/PI3K/AKT pathway, reduced cell apopto-
sis, and alleviated cerebral ischemia-reperfusion injury.

	 Conclusions:	 Inhibition of miR-122 can decrease cerebral ischemia-reperfusion injury by upregulating DJ-1-PTEN/PI3K/AKT 
pathway.
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Background

Acute cerebral infarction is a common ischemic cerebrovas-
cular disease and is one of the important causes of adult dis-
ability [1,2]. Ischemia-reperfusion injury is caused by a blood 
reperfusion injury in ischemic brain tissue, and usually occurs 
in the treatment stage of ischemic disease [3–5], which can 
aggravate the brain tissue injury.

Phosphonosinol-3 kinase (pPI3K)/protein kinase B (AKT/PKB) 
is a signaling pathway that exists widely in many tissues and 
cells and participates in the regulation of many important bi-
ological processes such as cell growth, survival, apoptosis, and 
other important biological processes. Phosphatase and tensin 
homologue deleted on chromosome 10 (PTEN) is a tumor sup-
pressor gene that inhibits conduction of the PI3K/AKT signal-
ing pathway via negative feedback and participates in regu-
lation of ischemia-reperfusion injury [6–8]. PTEN can regulate 
the activity of the PI3K/AKT signaling pathway by negative 
feedback and is also involved in the regulation of ischemia-re-
perfusion damage Some studies have shown that miRNA and 
the PI3K/AKT signaling pathway play important roles in cere-
bral ischemia-reperfusion injury [9,10]. By inhibiting the ex-
pression and function of PTEN, DJ-1 enhances the transduc-
tion activity of the PI3K/AKT signaling pathway and plays a 
role antagonizing cell apoptosis, promoting cell survival, and 
proliferation [11]. Many studies have shown that DJ-1/PARK7 
plays a very important role in ischemia-reperfusion injury [12]. 
The expression of DJ-1 in ischemia-reperfusion injury is report-
ed to significantly decreased, while upregulating DJ-1 expres-
sion could alleviate the damage of ischemia-reperfusion injury 
and alleviate the apoptosis of neurons, thus having a neuro-
protective effect [13–15].

MicroRNA (miRNA) is an endogenous small non-coding RNA 
with 22~25 nucleotides in eukaryotes. MiRNA is combined 
with the 3’-terminal non-translation region (3’-UTR) of mRNA 
of the target gene to degrade mRNA or inhibit mRNA transla-
tion, and regulate the expression of the target gene to partic-
ipate in cell survival and proliferation, and regulation of var-
ious biological processes such as apoptosis, oxidative stress, 
and other biological processes. Moreover, miRNA plays a crucial 
role in the regulation of ischemia-reperfusion injury [16–18]. 
MiR-122 is one of the most studied miRNAs, and it is closely 
related to ischemia-reperfusion injury in various tissues and or-
gans [19–21], but has not been reported in cerebral ischemia-
reperfusion injury. Bioinformatics analysis has shown that there 
is a target complementary binding site between miR-122 and 
3’-UTR of DJ-1 mRNA, indicating a target regulatory relation-
ship. This study investigated whether or not miR-122 plays a 
role in regulating the DJ-1-PTEN/PI3K/AKT signaling pathway 
and cerebral ischemia-reperfusion injury.

Material and Methods

Materials

Healthy adult male Sprague Dawley rats (6~8 weeks; 220~240 g) 
were purchased from Beijing Wei Tong Li Hua Experimental 
Animal Technology Co., Ltd. (Beijing, China), the study was ap-
proved by the Ethics Committee of Liaocheng People’s Hospital. 
Rat cortical neurons (RN-c cells; #TC-axbz-207) were purchased 
from Shanghai Xinyu Biological Science and Technology Co., 
Ltd. (Shanghai, China). Dulbecco’s Modified Eagle Medium 
(DMEM) culture solution was purchased from Dalian Meilun 
Biotechnology Co., Ltd. (Shanghai China).

Establishment of cerebral artery occlusion model

The rats were given anesthesia by intraperitoneal injection of 
10% chloral hydrate. After anesthesia was established, the neck 
skin was disinfected and cut at the midline. The right cervical 
artery, the external carotid artery, and the internal carotid ar-
tery were separated and exposed. The common and external 
carotid arteries were ligated through the line, and a reserva-
tion line was placed near the common carotid artery. The fork 
of the internal and external carotid arteries was clipped, and a 
small mouth was cut at the terminus of the internal carotid ar-
tery and inserted into the bolt line from the small mouth to the 
internal carotid artery slowly. The insertion depth was 18 mm, 
indicating that the embolus had caused a right middle cerebral 
artery embolism. After 2 hours, the embolus was slowly with-
drawn. The blood supply of the middle cerebral artery was re-
stored, and reperfusion injury was established as the rat brain 
ischemia-reperfusion damage model (I-R group). The incision 
was sutured, the skin was disinfected, and antibiotic prophylaxis 
was administered. The right common, internal, and external ca-
rotid arteries were exposed in rats in the sham operation group 
(sham group), but an embolus was not inserted. The 2 groups 
of rats were sacrificed at 6 hours, 12 hours, and 24 hours af-
ter the operation, and the brain tissues were collected. TTC (tri-
phenyl tetrazolium chloride) staining was performed on brain 
tissue sections. The expression of related genes and proteins 
were determined, and malondialdehyde (MDA), superoxide dis-
mutase (SOD), and catalase (CAT) levels were measured. There 
were 18 rats in each group for this experiment.

The brain tissues that were collected 24 hours after the op-
eration were digested for 30 minutes with 0.1% collagenase. 
The tissue fragments were removed, and the cell suspension 
was removed after centrifugation. The cell suspension was 
centrifuged, and the cells were deposited. Serum-free 1640 
medium was diluted by DCFH-DA (1: 1000 ratio). The cell pre-
cipitation was suspended in the diluted DCFH-DA, incubated 
for 30 minutes at 37oC, then washed with phosphate-buff-
ered saline (PBS). After 500 μL PBS suspension, the reactive 
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oxygen species (ROS) content in cells was determined using 
a Beckman Kurt FC500MCL flow cytometry; there were 6 rats 
in each group for this experiment.

Antagomir miR-122 treatment of I-R model rats

The rats in the I-R damage model were randomly divided into 2 
groups. antagomir-NC group was given 50 nmol of antagomir-
NC by intravenous injection before surgery, and the antagomir 
miR-122 group was given 50 nmol of antagomir miR-122 at 24 
hours before surgery; there were 5 rats in each group for this 
experiment. Brain tissue was collected 24 hours after surgery 
from rats in each group, and the expression of protein was 
determined by western blot. The activity of caspase-3 was de-
tected using a spectrophotometric method, the content of ROS 
was determined by flow cytometry, and the content of MDA 
and the activity of SOD and CAT were determined. There were 
30 rats in each group for this experiment.

Behavioral score

Twenty-four hours before and after the surgery, the improved 
modified Neurological Severity Score (mNSS) was adminis-
tered. The mNSS has a total score of 18 points and is divid-
ed into 4 parts as follows: motion, sensation, balance, and re-
flex. The score of normal rats was 0. The higher the score, the 
more severe the symptoms of neural power deficiency. There 
were 24 rats in each group for this experiment.

TUNEL (terminal deoxynucleotidyl transferase dUTP nick 
end labeling) staining to detect cell apoptosis

Three rat brains were removed in each group, and serial coro-
nal sections were cut on a cryostat and mounted on coverslips. 
The tissue sections were dewaxed before being dehydrated 
with ethanol. Sections were permeabilized with proteinase K 
solution for 20 minutes. The TUNEL (terminal deoxynucleoti-
dyl transferase dUTP nick end labeling) reaction solution and 
compound solution were added and staining with DAB (3,3-di-
aminobenzidine) was done. Finally, the tissue sections were 
stained with hematoxylin and observed after sealing. Five 
fields were randomly selected, and the cells with brown color 
were considered apoptotic positive cells. Brown positive cells 
were detected in each field, and the number was calculated 
and divided by the total number of cells; the average was the 
cell apoptosis rate.

Detection of caspase-3 enzyme activity in brain tissues

According to the kit instructions, the steps were as follows: 
the standard products of peptide nucleic acids (pNA) standard 
products were diluted by concentration gradient; the stan-
dard products with concentration of 200 μM, 100 μM, 50 μM, 

25 μM, 12.5 μM, 6.25 μM, and 0 μM were prepared; the absor-
bance value at 405 nm was A405; and a standard curve was 
made. Caspase lysis buffer was used to cleave the brain tis-
sue in an ice bath, tissue was homogenized with a glass ho-
mogenizer, transferred to a 1.5-mL centrifuge tube, cleaved 
with caspase lysis buffer for 5~10 minutes on the ice, centri-
fuged at 12 000g for 10~15 minutes at 4°C, and the superna-
tant was transferred to a new 1.5-mL centrifuge tube. After 
adding 65 μL of assay buffer, 25 μL of lysate supernatant and 
10 μL of Ac-DEVD-pNA (2 mM) were added into the 96-well 
plate, incubated 60~120 minutes at 37°C, and the A405 was 
detected immediately by the color change without magnifica-
tion, and the relative enzyme activity units were calculated as 
follows: experimental group A405/control group A405×100%.

Detection of MDA and the antioxidant index

MDA is the final product of lipid peroxidation, and the lev-
el of lipid peroxidation was evaluated by measuring the con-
tent of MDA. The content of MDA in the cerebrospinal fluid of 
rats was determined in strict accordance with the instructions 
of the MDA detection kit. The levels of SOD and CAT in cere-
brospinal fluid were determined by the kit, and the oxidative 
stress status was evaluated.

Ischemia-reperfusion injury treatment of RN-c cells

Ischemia-reperfusion injury treatment was as follows: DMEM 
culture medium with a low glucose serum-free model was used 
to simulate the ischemic environment in vivo. The hypoxic en-
vironment was simulated in the incubator with a volume frac-
tion of 5% CO2 and 95% N2. After 12 hours, the normal serum 
medium was replaced, cultured in a 5% CO2 and 95% air incu-
bator for 12 hours, and the related indices were determined.

RN-c cells in the logarithmic phase were divided into the fol-
lowing 4 groups: antagomir-NC transfection, antagomir miR-
122 transfection, pIRES2-blank transfection, and pIRES2–DJ-1 
transfection. Seventy-two hours after transfection, ischemia-
reperfusion injury treatment was carried out according to the 
aforementioned methods; the conventional cultured RN-c cells 
were used as a control. Cells were used to determine gene and 
protein expression and apoptosis.

Flow cytometry to detect cell apoptosis

The cell suspension was digested in trypsin, the cells were 
washed in pre-cooled PBS, and centrifuged at 300 g for 5 min-
utes. Binding buffer (500 μL) was added to the suspension of 
cells, then 5 μL of Annexin V-FITC was added while avoiding 
light and incubated for 15 minutes at room temperature be-
fore adding 5 μL of propidium iodide (PI) stain, and immedi-
ately using a FC500MCL flow cytometer for detection.
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Detection of intracellular ROS by flow cytometry

The cells were collected by trypsin digestion. A 0.1% DCFH-DA 
probe was diluted with 500 μL of serum-free medium and in-
cubated with the cell preparation at 37°C for 20 minutes. The 
cell preparation and ROS probe were evenly and fully exposed 
3~5 times, the serum-free culture medium was used to wash 
the cells, and DCFH-DA was removed from the cells. FC500MCL 
flow cytometry was used for detection.

Luciferase reporter gene experiment

The RNA of HEK293T cells was used as a template to amplify 
the fragment of the target binding site in the 3’-UTR of DJ-1 
mRNA or its mutant fragment. After polymerase chain reaction 
(PCR) amplification, PCR products and pMIR empty vector plas-
mid were cut by Sac I and Hind III double enzymes. The enzyme 
digestion conditions were 37°C for 4 hours. A 1.5% agarose 
gel electrophoresis was used to extract and purify the prod-
uct. The purified PCR product was incubated with the carri-
er at 16°C, overnight. The linked products were converted to 
DH5a receptive cells and incubated at 37°C for overnight in 
medium containing penicillin, and single positive clones were 
selected. After shaking in the Escherichia coli culture solution 
overnight at 37°C, the plasmid was extracted and sequenced, 
and identified as pMIR-DJ-1–WT and pMIR-DJ-1–MUT.

HEK-293T cells (1×105) were inoculated in 24-well plates. 
After 24 hours, 100 ng of pMIR-DJ-1-WT (or pMIR-DJ-1-MUT) 
and 50 nmol miR-122 mimic (or miR-NC) were transfected to 
HEK293T cells by Lipo 2000 and incubation continued for 48 
hours. A Dual-Glo Luciferase Assay System kit was used to de-
tect the activity of double luciferase. The experimental proce-
dure was as follows: 100 μL of Passive Lysis Buffer was add-
ed to the cell lysate per well in 24-well plates; the plates were 
slowly shaken for 15 minutes at room temperature; 20 μL of cell 
lysate was added to 100 μL of luciferase detection reagent II 
(LAR II) and mixed; fluoreli luminescence detected fluoro ac-
tivity; then, the luciferase activity of sea kidney was detected 
with 100 μL of sea kidney fluorescein reagent; and firefly lu-
ciferase activity/sea kidney luciferase activity as a relative ac-
tivity value was analyzed statistically.

Quantitative real-time PCR

Tissues (50 mg) or cells (1×107) were trypsinized and lysed 
with 1 mL TRIzol. After lysis, 200 μL of chloroform was add-
ed to the cleavage product, which was placed at room tem-
perature after 20 minutes. RNA was transferred to the new 
Eppendorf (EP) tube, and 1 mL of isopropanol was added to the 
RNA and centrifuged at 10 000 g for 10 minutes. One milliliter 
of 75% ethanol was used to wash RNA, then centrifuged at 
10 000g for 10 minutes, and dissolved in 50 μL of DEPC water 

to obtain RNA. A PrimeScript RT Reagent Kit (R&D Systems, 
MN, USA) was used to generate RNA by reverse transcriptase 
cDNA. The PCR system (10 µL) included 2.0 μL of PrimeScript 
Buffer, 0.5 μL of PrimeScript RT Enzyme, 0.5 μL of Oligo dT 
Primer (50 μM), 0.5 μL of random 6 mers (100 μM), 500 ng 
of RNA, and ddH2O to a 10-μL volume. The reverse transcrip-
tion conditions were as follows: initial denaturation at 95°C 
for 5 minutes; and 40 cycles of 95°C for 15 second and 60°C 
for 1 minute. The data were preserved.

Western blot analysis

Tissues (50 mg) or cells (1×106) were trypsinized and lysed in 
100 μL of RIPA (radioimmunoprecipitation assay), then 100 mu 
LRIPA lysate was added to every 50 mg or 1×106 cells. After lysis 
for 50 minutes on ice, the mixture was centrifuged at 10 000 g 
and 4°C for 15 minutes. The supernatant was transferred to a 
new EP tube, and 40 μg was separated on 10% sodium dodecyl 
sulfate-polyacrylamide (SDS-PAGE) gel electrophoresis (50V for 
4 hours), transferred to Polyvinylidene difluoride (PVDF) mem-
branes (300 mA for 90 minutes), and blocked with 5% non-
fat milk at room temperature for 60 minutes. Then, the mem-
branes were incubated with primary antibodies (DJ-1, PTEN, 
AKT, p-AKT, and beta -actin [1: 1000, 1: 1000, 1: 1000, 1: 500, 
and 1: 10000, respectively]) at 4°C overnight. After rinsing 3 
times with TBST (Tris buffered saline with Tween 2) buffer, 
the membranes were incubated with secondary antibody at a 
1: 15 000 dilution at room temperature for 60 minutes. After 
rinsing 3 times with TBST buffer, the membrane was devel-
oped with an enhanced chemiluminescence detection kit (ECL).

Statistical analysis

The statistical analysis of data was carried out with SPSS 18.0, 
and the measurement data are expressed as the mean ± stan-
dard deviation. Student’s t-test was used to compare the 
difference between 2 groups. The comparison of the data 
between the multiple groups adopted one-way analysis of 
variance (ANOVA), then the 2 groups were compared using 
the Bonferroni method. A value of P<0.05 was considered sta-
tistically significant.

Results

Rats in the I-R group showed more area of cerebral 
infarction

Before establishing the model, the mNSS scores of the rats 
in the 2 groups were 0. After the operation, the rats in the 
sham group had no symptoms of a nerve function defect, and 
the mNSS scores were 0, while the rats in the I-R group had 
different symptoms of nerve function defect 24 hours after 
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reperfusion, including hemiplegia, instability upon standing, 
and falling or circling. When the rat’s tail was lifted, the contra-
lateral forelimb of the rat was flexed and the head was raised 
to the affected side, and the mNSS score of 12.56±3.28 indi-
cated the success of the model.

TTC staining showed that no obvious cerebral infarction in 
sham group, the cerebral infarction area of rats in the I-R 
group was significantly larger than that in the sham group. 
Compared with the antagomir-NC group, the cerebral infarc-
tion area of the antagomir mir-122 injection group was sig-
nificantly reduced, and there was no significant difference be-
tween the 2 groups (Figure 1).

Expression of miR-122 in brain tissues of rats in the I-R 
group increased significantly, and the expression of DJ-1 
decreased significantly

The qRT-PCR showed that the expression of miR-122 in the 
brain tissue of rats in the I-R group was significantly higher 
than the sham group. Moreover, the expression of miR-122 
increased with the prolongation of ischemia-reperfusion in-
jury, while the expression of DJ-1 mRNA decreased signifi-
cantly, and the amount of DJ-1 mRNA was also lower in rats 
with a prolonged ischemia-reperfusion injury (Figure 2A, 2B). 
Similarly, western blot analysis showed that the expression of 
DJ-1 protein in 6-hour, 12-hour, and 24-hour brain tissue sam-
ples of the rats in the I-R group was significantly higher than 
the sham group, and the longer the ischemia-reperfusion in-
jury time, the lower the expression of DJ-1 protein (Figure 2C).
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with the I-R group. Each experiment was repeated 3 times. TTC – triphenyl tetrazolium chloride; I-R group – ischemia-
reperfusion damage model.
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The oxidative stress of brain tissue and the activity of 
caspase-3 increased in the rats in the I-R group

The flow cytometry results showed that compared with the 
sham group, the ROS content in brain tissue of the rats in the 
I-R group increased significantly (Figure 3A). The level of lip-
id peroxidation testing showed that compared with the sham 
group, the content of MDA in the brain tissues of the rats in 
the I-R group increased significantly (P<0.001). The test results 
of the antioxidant index showed that the content of the an-
tioxidant enzymes, SOD, and CAT in the brain tissues of the 
rats in the I-R injury model were significantly lower than the 
sham group (P<0.001; Table 1). The results of spectrophotom-
etry showed that compared with the sham group, the activi-
ty of caspase-3 in the brain tissues of rats in the I-R group in-
creased significantly (Figure 3B).

MiR-122 targeting 3’-UTR region of DJ-1mRNA

The online prediction results of microRNA.org showed that there 
was a target complementary binding site between miR-122 
and the 3’-UTR of DJ-1 mRNA (Figure 4A). The results of the 
double luciferase gene report showed that the transfection 
of miR-122 mimic significantly reduced the relative luciferase 
activity in the HEK293T cells transfected by pMIR-DJ-1-WT, 
but there was no significant effect on the relative luciferase 
activity in the HEK293T cells transfected by pMIR-DJ-1-MUT 
(Figure 4B), indicating that there was a targeting regulation 
between miR-122 and DJ-1.

MiR-122 significantly reduced DJ-1 expression and 
alleviated I-R-induced brain injury

The results of oxidation and antioxidant indicators showed 
that compared with the antagomir-NC group, the content of 
MDA in the brain tissues of the antagomir miR-122 group 
decreased significantly, while the activity of SOD and CAT 
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Figure 2. �There is a target regulatory relationship between miR-122 and DJ-1. (A) Schematic diagram of interaction sites between 
miR-122 and the 3’-UTR of DJ-1 mRNA. (B) There was a target complementary binding site between miR-122 and the 3’-UTR 
of DJ-1 mRNA. (C) Double luciferase gene report. White represents miR-NC and light blue represents miR-122 mimics. 
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was repeated 3 times. The results of the double luciferase gene report showed that the transfection of miR-122 mimic 
significantly reduced the relative luciferase activity in the HEK293T cells transfected by pMIR-DJ-1-WT, but there was no 
significant effect on the relative luciferase activity in the HEK293T cells transfected by pMIR-DJ-1-MUT, indicating that there 
was a targeting regulation between miR-122 and DJ-1.
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in brain tissue of the I-R group increased significantly (A). The results of spectrophotometry showed that compared with 
the sham group, the activity of caspase-3 in the brain tissues of I-R group increased significantly (B). I-R group – ischemia-
reperfusion damage model; ROS – reactive oxygen species.
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Figure 4. �There is a target regulatory relationship between miR-122 and DJ-1. (A) Schematic diagram of interaction sites between 
miR-122 and the 3 ‘-UTR of DJ-1 mRNA. (B) There was a target complementary binding site between miR-122 and the 3 ‘-UTR 
of DJ-1 mRNA. Double luciferase gene report. White represents miR-NC and deep blue represents miR-122 mimics. * P<0.05 
compared with the miR-NC group (white bar is miR-NC and deep blue bar is miR-122mimic) Each experiment was repeated 
three times. The results of the double luciferase gene report showed that the transfection of miR-122 mimic significantly 
reduced the relative luciferase activity in the HEK293T cells transfected by pMIR-DJ-1-WT, but there was no significant effect 
on the relative luciferase activity in the HEK293T cells transfected by pMIR-DJ-1-MUT, indicating that there was a targeting 
regulation between miR-122 and DJ-1.

Index Sham group (n=5) I-R group (n=5) t Test P

MDA (nmol/mg protein) 	 18.16±3.57 	 42.81±5.66 8.237 <0.001

SOD (U/mg protein) 	 78.63±8.15 	 41.29±4.93 8.766 <0.001

CAT (U/g protein) 	 26.59±3.46 	 12.61±2.57 7.253 <0.001

Table 1. Detection results of MDA and antioxidant capacity in rats brain tissues in the 2 groups.

MDA – malondialdehyde.
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increased significantly (Table 2). The results showed that in-
jection of antagomir miR-122 significantly reduced the neu-
rologic deficits and reduced the mNSS score in rats (Table 2).

The results of flow testing showed that compared with the 
antagomir-NC group, the content of ROS in the brain tissues 
of the antagomir miR-122 group was significantly decreased 
(Figure 5A), and the activity of caspase-3 in the brain tissues 
of the rats decreased significantly (Figure 5B). The results of 
qRT-PCR showed that the expression of miR-122 in the brain 
tissues of the antagomir miR-122 group was significantly low-
er than the antagomir-NC group (Figure 5C), while the expres-
sion of DJ-1 mRNA increased significantly (Figure 5D). The re-
sults of western blot analysis showed that the expression of 
DJ-1 and p-AKT in the brain tissues of the antagomir miR-122 
group was significantly higher than the antagomir-NC group, 
while the expression of PTEN protein decreased significantly 
(Figure 5E).

Compared to the I-R group and antagomir-NC groups, TUNEL 
staining showed that the apoptosis rate of brain tissue neu-
rons declined significantly more in the antagomir mir-122 in-
jection group (Figure 6).

Downregulation of miR-122 or an increase in DJ-1 
attenuated ischemia-reperfusion injury-induced apoptosis 
in RN-c cells

The results of qRT-PCR showed that compared with the con-
trol group, ischemia-reperfusion injury treatment significantly 
increased the expression of miR-122 in RN-c cells (Figure 7A), 
and the expression of DJ-1 mRNA was decreased significantly 
(Figure 7B). Western blot analysis showed that compared with 
the control group, ischemia-reperfusion injury treatment re-
duced the expression of DJ-1 protein in RN-c cells (Figure 7C). 
Flow cytometry results showed that compared with the control 
group, ischemia-reperfusion injury treatment significantly in-
creased apoptosis of RN-c cells (Figure 7D). Compared with the 
control group, the caspase-3 activity of ischemia-reperfusion in-
jury treatment significantly increased in RN-c cells (Figure 7E). 
The expression of DJ-1 in RN-c cells was obviously upregulat-
ed by transfection of antagomir miR-122 and pIRES2-DJ-1, 
which significantly reduced the expression of PTEN protein, 

increased the expression of p-AKT protein, reduced apoptosis 
of the cells, and weakened the cell damage induced by isch-
emia-reperfusion injury.

Discussion

Acute cerebral infarction has high mortality rate, morbidity, 
and disability rate. Acute cerebral infarction seriously threat-
ens the life, health, and quality of life of patients, and also can 
cause serious economic burden to the family and society [1,2]. 
Ischemia-reperfusion injury is the injury of tissues and organs 
caused by ischemia, hypoxia, and oxygen recovery after a pe-
riod of ischemia and hypoxia. Ischemia-reperfusion injury can 
cause damage of tissue and organ function, and even cause 
irreversible structural changes. The pathogenesis of ischemia-
reperfusion injury is extremely complex and is not fully un-
derstood. Many mechanisms, such as inflammatory reactions, 
apoptosis and necrosis, oxidative stress, and autophagy, are in-
volved in the occurrence of ischemia-reperfusion injury [22–26].

Many studies have shown that PI3K/AKT signaling pathway 
plays an important role in reducing oxidative damage, antag-
onizing cell apoptosis, promoting cell survival, and alleviating 
ischemia-reperfusion damage [27–29]. PTEN is the only tumor 
suppressor gene that has been reported to have the double ac-
tivity of protein esterase and phosphatase. PTEN can regulate 
the activity of the PI3K/AKT signaling pathway by negative feed-
back and is also involved in the regulation of ischemia-reper-
fusion damage [7,8]. The DJ-1/PARK7 gene (Parkinson gene 7) 
is located on human chromosome 1p36.2-36.3 and the entire 
length of the gene is approximately 24 kb, which encodes a 
protein composed of 189 amino acids and a molecular weight 
of 21kD [11]. DJ-1 is a negative regulator of PTEN, which plays 
an important role in inhibiting PTEN expression and function 
and enhancing the transduction activity of the PI3K/AKT sig-
naling pathway. MiR-122 is a widely studied miRNA, which is 
closely related to ischemia-reperfusion injury of various tis-
sues and organs, such as heart [19], lung [20], and liver [21]; 
however, a study involving ischemia-reperfusion injury in 
brain tissues has not been reported. Bioinformatics analysis 
has shown that there is a target complementary binding site 
between miR-122 and the 3’-UTR of DJ-1 mRNA, indicating a 

Grouping MDA (nmol/mg protein) SOD (U/mg protein) CAT (U/g protein) mNSS

Antagomir-NC 	 39.57±4.86 	 45.13±6.28 	 15.79±3.21 	 11.92±3.51

Antagomir miR-122 	 28.77±3.96* 	 61.39±7.83* 	 21.86±3.78* 	 7.53±2.16*

Table 2. Detection of 24-hour MDA, SOD, CAT, mNSS after ischemia-reperfusion injury in rats.

* P<0.05 compared with the antagomir-NC group. MDA – malondialdehyde; SOD – superoxide dismutase; CAT – catalase; 
mNSS – modified Neurological Severity Score.
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Figure 5. �MiR-122 significantly reduced DJ-1 expression and alleviates ischemia-reperfusion induced brain injury. (A) Flow cytometry 
detection of ROS content in 2 groups of rats (the bnlue line is I-R+antagomir NC and the red line is I-R+antagomir miR-122) 
(B) Spectrophotometry detection the caspase-3 enzyme activity in the 2 groups of brain tissues. (C) qRT-PCR detected 
the expression of miR-122 in rat brains. (D) qRT-PCR detected the expression of DJ-1 mRNA in rat brains. (E) Western blot 
detected protein expression in brain tissues (the white represents p-Akt/Akt, the light blue line represents PTEN, and 
the dark blue line represents DJ-1). * P<0.05 compared with the agomir control group. Each experiment was repeated 3 
times. Flow testing showed that compared with the antagomir-NC group, the content of ROS in the brain tissues of the 
antagomir miR-122 group was significantly decreased (A), and the activity of caspase-3 in the brain tissues of the rats 
decreased significantly (B). The results of qRT-PCR showed that the expression of miR-122 in the brain tissues of the 
antagomir miR-122 group was significantly lower than the antagomir-NC group (C), while the expression of DJ-1 mRNA 
increased significantly (D). The results of western blot analysis showed that the expression of DJ-1 and p-AKT in the brain 
tissues of the antagomir miR-122 group was significantly higher than the antagomir-NC group, while the expression of 
PTEN protein decreased significantly (E). I-R group – ischemia-reperfusion damage model; ROS – reactive oxygen species; 
qRT-PCR – quantitative real-time polymerase chain reaction.
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target regulatory relationship. This study was conducted to 
investigate whether or not miR-122 plays a role in regulating 
the DJ-1-PTEN/PI3K/AKT signaling pathway and cerebral isch-
emia-reperfusion injury.

The results of the double luciferase gene report showed that 
the transfection of miR-122 mimic significantly reduced relative 
luciferase activity in the HEK293T cells transfected by pMIR-
DJ-1-WT, but had no obvious effect on the relative luciferase 
activity in the HEK293T cells transfected by pMIR-DJ-1-MUT, 
indicating that there is a targeting regulation relationship be-
tween miR-122 and DJ-1. The results of brain tissue detection 
in the rat model showed that after ischemia-reperfusion injury, 
the expression of miR-122 in the brain tissue of rats increased, 
while the expression of DJ-1 gradually decreased, suggesting 
that the increase in miR-122 expression may play a role in re-
ducing the expression of DJ-1 and regulating the process of 
cerebral ischemia-reperfusion injury. Increased expression of 
miR-122 was associated with brain tissue ischemia-reperfu-
sion injury. In the study of the relationship between miR-122 
and ischemia-reperfusion damage, Akbari et al. [30] showed 
that the expression of miR-122 in the serum of rats in the I-R 
model group was up to 50 times higher than the sham group. 
Farid et al. [31] showed that the expression of miR-122 in the 
serum of patients with ischemia-reperfusion injury caused by 

liver transplantation was 10~100 times higher than the control 
group. Moreover, the more serious the liver injury, the higher 
the expression of miR-122. The results of Van Caster et al. [21] 
showed that the expression of miR-122 in the serum of the 
liver rat model was significantly higher than the sham opera-
tion group (up to 100 times higher than the sham group), and 
miR-122 expression was positively correlated with the liver func-
tion index (AST), after the 4 hours of the liver ischemia-reper-
fusion damage model was made. Leelahavanichkul et al. [32] 
also observed that the expression of miR-122 increased signif-
icantly during the process of liver ischemia-reperfusion injury. 
The results of this study showed that the abnormal increase in 
miR-122 expression may be involved in cerebral ischemia-re-
perfusion injury, similar to the results of other studies [17,30].

The results of Akbaris et al. [30] showed that the pre-treat-
ment of saffron (Crocin) significantly reduced the expression 
of miR-122 in the serum of liver ischemia-reperfusion injury 
model rats enhanced the antioxidant capacity of liver tissues, 
reduced the liver ischemia-reperfusion injury and improved 
liver function. The results suggest that inhibition of miR-122 
expression may be a target molecule for reducing ischemia-
reperfusion injury in the liver. So, can inhibition of miR-122 
expression also play a role in alleviating ischemia-reperfusion 
damage in brain tissue? Therefore, the aim of this study was 
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Figure 6. �MiR-122 significantly reduced neuron apoptosis and alleviates ischemia-reperfusion induced brain injury. * P<0.05 compared 
with the sham group; # P<0.05 compared with the I-R group. Each experiment was repeated 3 times.
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Figure 7. �Downregulation of miR-122 or an increase in DJ-1 attenuated ischemia-reperfusion induced apoptosis in RN-c cells. 
(A) qRT-PCR) detected the expression of miR-122; (B) qRT-PCR detected the expression of DJ-1 mRNA; (C) Western blot 
detected protein expression; (White represents p-Akt/Akt, light grey represents PTEN, and dark grey represents DJ-1.) 
(D) Flow cytometry detected cell apoptosis. (E) The activity of caspase-3 was detected. * P<0.05 compared with the control 
group. # P<0.05, I-R+antagomir miR-122 compared with the I-R+antagomir-NC; & P<0.05, I-R+pIRES2–DJ-1 compared with 
the I-R+pIRES2-blank. Each experiment was repeated 3 times. The results of qRT-PCR showed that compared with the 
control group, I ischemia-reperfusion treatment significantly increased the expression of miR-122 in RN-c cells (A), and the 
expression of DJ-1 mRNA was decreased significantly (B). Western blot analysis showed that compared with the control 
group, I ischemia-reperfusion treatment reduced the expression of DJ-1 protein in RN-c cells (C). Flow cytometry results 
showed that compared with the control group, ischemia-reperfusion treatment significantly increased apoptosis of RN-c 
cells (D). Compared with the control group, the caspase-3 activity of ischemia-reperfusion treatment significantly increased 
in RN-c cells (E). qRT-PCR – quantitative real-time polymerase chain reaction.
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to inject antagomir miR-122 into rats before the I-R model 
was established, so as to achieve the goal of downregulat-
ing the expression of miR-122 after ischemia-reperfusion in-
jury. The results showed that after the injection of antagomir 
miR-122, the expression of DJ-1 in the brain tissue of rats in 
the I-R group increased, the expression of PTEN was reduced, 
the activity of PI3K/AKT pathway was enhanced, the content of 
ROS and MDA in the brain tissue was reduced and the activity 
of antioxidase was increased, and the symptoms of the func-
tion defect was improved. The results of this study show that 
the increase in miR-122 expression can play a role in reduc-
ing the expression of DJ-1, inhibiting the activity of PI3K/AKT 
pathway and enhancing the ischemia-reperfusion damage in 
brain tissue, and miR-122 is a therapeutic target for ischemia-
reperfusion injury in brain tissue, which is in agreement with 
the results of another study [30]. In addition, the results of 
Mard et al. [33] showed that crocin and zinc sulfate inhibit the 
abnormal expression of miR-122 during the liver ischemia-re-
perfusion injury, enhance the antioxidant capacity, reduce the 
liver damage and lesions, and protect the liver ischemia-re-
perfusion injury. Xiao et al. [30] showed that low temperature 
pre-treatment can downregulate the expression of miR-122, 
activate the IGF-1R/AKT pathway, inhibit FOXO3a activity and 
caspase-3 expression, reduce ischemia-reperfusion injury in 
liver cells, while increased the expression of miR-122 can at-
tenuate the protective effect of low temperature pretreatment 
on liver ischemia-reperfusion injury. and increase miR-122 ex-
pression. The protective effect of low temperature pre-treat-
ment on liver ischemia-reperfusion injury can be attenuated. 
The results of this study are also supported by research re-
sults of other studies [33,34].

In the process of cerebral ischemia-reperfusion injury, in addi-
tion to the abnormal increase of miR-122 expression, the de-
crease in DJ-1 expression is also an important molecular event. 
In the study of the relationship between DJ-1 and cerebral isch-
emia-reperfusion injury, the results of Ruan et al. [35] showed 
that compared with the sham group, the ischemia-reperfu-
sion damage of the brain tissues of the MCAO model group 
was apparent, the neurologic function score was decreased, 
and the expression of DJ-1 in the brain tissue of the mice 
with ischemia-reperfusion damage was significantly reduced. 
Yang et al. [36] showed that the expression of DJ-1 in brain tis-
sues of ischemia-reperfusion injury mice was significantly re-
duced. Moreover, Yanagida et al. [37] showed that the expres-
sion of DJ-1 increased the sensitivity of nerve cells to oxidative 
stress, and the increased expression of DJ-1 reduced the sensi-
tivity of nerve cells to oxidative stress and increased cell vitality. 
In this study, we observed that the expression of DJ-1 in brain 
tissue was significantly reduced during ischemia-reperfusion 
injury, which is similar to the observed phenomena and afore-
mentioned results. To further investigate whether or not the de-
crease in DJ-1 expression is a promoter of ischemia-reperfusion 

damage in brain neurons, DJ-1 was overexpressed in neuron 
cells cultured in vitro and observed whether or not the isch-
emia-reperfusion damage of neuron cells was reduced. The re-
sults showed that over-expression of DJ-1 in RN-c cells signifi-
cantly reduced ischemia-reperfusion injury-induced apoptosis. 
Tajiri et al. [38] showed that treatment with cyclosporine A (CSA) 
increased the expression of DJ-1 in cells, protected the mito-
chondrial function of rat neural cells and reduced reperfusion in-
jury. Yang et al. [36] showed that treatment with sodium phen-
ylbutyrate (SPB), an agonist, increased the expression of DJ-1 
in cultured neurons, increased cell viability, reduced apoptosis, 
and reduced the neuronal damage induced by ischemia-reperfu-
sion injury. Ruan et al. [35] showed that treatment with tetran-
drine significantly increased the expression of DJ-1 in the brain 
tissues of mice with ischemia-reperfusion damage, reduced the 
brain ischemia-reperfusion damage, and improved nerve func-
tion. These studies have confirmed that the decreased DJ-1 ex-
pression is the promoter of cerebral ischemia-reperfusion injury, 
and the expression of DJ-1 plays a role in protecting the brain 
cells and may be a protective target molecule for the ischemia-
reperfusion damage of brain nerve cells.

At present, the relationship between miR-122 and ischemia-
reperfusion injury is mostly concentrated in the liver. This 
study showed that increased expression of miR-122 may be 
a contributing factor to ischemia-reperfusion injury after ce-
rebral infarction. However, some studies reported that serum 
miR-122 level decreased in patients with cerebral infarction [38]. 
The expression of miR-122 decreased in rats with ischemia-
reperfusion injury [39].While the expression of miR-122 in he-
patic and cardiac ischemia-reperfusion injury was abnormally 
increased [21,30–32]. Therefore, whether miR-122 has bidirec-
tional regulation in ischemia-reperfusion injury needs further re-
search. This study combined the relationship between miR-122 
and target DJ-1. While miR-122 is elevated, the expression of 
DJ-1 is decreased. By reducing the expression of miR-122, it can 
increase the expression of DJ-1, thereby increasing the protec-
tive effect of brain tissue ischemia-reperfusion injury. It is re-
vealed that inhibition of miR-122 can attenuate cerebral isch-
emia-reperfusion injury by upregulating DJ-1-PTEN/PI3K/AKT 
pathway, which is the innovation of this research.

Conclusions

The expression of miR-122 increased significantly in the process 
of ischemia-reperfusion damage after cerebral infarction, while 
the expression of DJ-1 decreased significantly. Downregulation 
of miR-122 significantly increased the expression of DJ-1, 
enhanced the activity of the PTEN/PI3K/AKT pathway, reduced 
cell apoptosis, and alleviated cerebral ischemia-reperfusion in-
jury. Inhibition of miR-122 can decrease cerebral ischemia-re-
perfusion injury by upregulating DJ-1-PTEN/PI3K/AKT.
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