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Background: To investigate the expression and clinical significance of micro (mi)RNA-183 in cerebral 
ischemia-reperfusion injury (CIRI) in patients with cerebral small vessel disease (CSVD). 
Methods: A total of 138 patients with CSVD complicated with CIRI admitted to our hospital from May 
2018 to May 2019 were selected and divided into the CIRI group (138 cases of patients with cerebral vascular 
disease complicated with CIRI) and the control group [60 cases with no abnormalities in cranial magnetic 
resonance imaging (MRI) in healthy volunteers]; the results of craniocerebral MRI were subsequently 
recorded. The serum levels of miRNA-183 were detected by quantitative real-time polymerase chain (RT-
qPCR), and the levels of interleukin-6 (IL-6), IL-8, IL-1β, and tumor necrosis factor-α (TNF-α) were 
determined by enzyme-linked immunosorbent assay (ELISA). A correlation analysis of serum miRNA-183 
level and imaging lesion characteristics in patients with CSVD was also conducted. 
Results: RT-qPCR showed that the peripheral blood miRNA-183 level in the CIRI group was increased 
compared to that in the control group; the level of miRNA-183 in the control group was 30.03±6.32, while 
the level of miRNA-183 in the CIRI group was 36.78±10.11, which was a statistically significant difference 
(t=2.475, P<0.05). Compared with the control group, the patient levels of TNF-α, IL-6, IL-8, and IL-
1β in the CIRI group were significantly increased (P<0.05). Correlation analysis showed that the serum 
miRNA-183 level in the CIRI group was positively correlated with an increase of imaging lesions (r=0.997, 
P<0.05). 
Conclusions: The level of miRNA-183 in CIRI patients with CSVD was higher than that of controls, and 
the level of miRNA-183 was positively correlated with the increase of imaging lesions.
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Introduction

In recent years, there has been a significant increase in the 
prevalence of cerebral small vessel disease (CSVD), with 
cerebral ischemia-reperfusion injury (CIRI) being a major 
physiological process that occurs during disease onset and 
subsequent treatment (1). CSVD patients may choose artery 
thrombolysis or mechanical thrombectomy as treatment in 
the early stage of the disease. However, regardless of the 
type of treatment, the rate of vascular recanalization after 
cerebral ischemia can be increased. If blood perfusion is 
restored at this time, the patient will face the possibility 
of increased tissue damage, resulting in cerebral edema, 
cerebral hemorrhage and neuron injury, leading to CIRI (2).

The first recognition of ischemia-reperfusion injury came 
from cardiopulmonary bypass cardiac surgery. In the 1950s 
and 1960s, cardiac surgeons started open-heart surgery 
with cardiopulmonary bypass and found that some patients 
had myocardial injury after surgery, and the presence of 
ischemia-reperfusion injury was gradually discovered (3). 
Subsequently, other human organs have been found to be 
involved in ischemia-reperfusion injury after blood oxygen 
recovery by ischemic treatment. Among these, cerebral 
infarction has been discovered to also be complicated by 
ischemia-reperfusion injury after thrombolysis, and has been 
studied deeply by neuroscientists (4). CIRI is associated 
with microvascular dysfunction and inflammation caused 
by microvascular dysfunction. When cerebral ischemia 
reperfusion, cerebral vascular endothelial cells, platelets, 
and immune cells release a significant amount of promoting 
inflammatory cell factors, including interleukin-6 (IL-6), 
IL-8, IL-1β, tumor necrosis factor-α (TNF-α), and multiple 
inflammatory cells, this induces an inflammatory reaction, 
and a variety of pathologic and physiological factors 
combine to result in CIRI (5).

MicroRNA (miRNA) biological function is the important 
theoretical basis informing the formation of the endogenous 
competitive RNA molecule network. Many studies have 
found that the miRNA can affect cell growth, organ function, 
and regulation of apparent function and that cancer cells can 
substantially disrupt many physiological and pathological 
processes. Furthermore, miRNA concentration or miRNA 
sequence changes can affect normal cell activity. Brain tissue 
contains more miRNA types and higher expression levels 
of miRNA than other organs, and there are seven brain 
tissue–specific miRNAs in mice and human brains. Among 
these, miR-183 belongs to a member of the miR-183 gene 
cluster and has highly conserved characteristics in different 

species, which can be traced back to 600 million years ago (6).  
Abnormal expression of miR-183 in non-sensory organs, 
especially in some malignant tumors, can significantly 
aggravate the progression of cancer. The level of miR-183 
in human tissues and body fluids shows a stable trend of 
increase and decrease, and it can be used as an independent 
or auxiliary biomarker for the diagnosis, recurrence, and 
prognosis monitoring of certain diseases. Currently, the 
expression and function of miR-183 have been studied in 
many fields, including in sensory organs, the immune system, 
lymphatic vessels and bones, cell proliferation and migration 
after nerve injury, etc., but few studies have examined the 
function of miR-183 in CIRI (7).

 Imaging technology has enabled the relatively clear 
presentation of ischemic brain tissue, microcirculation 
disorder, blood-brain barrier (BBB) destruction, vasogenic 
brain edema, cerebral hemorrhage, and other reperfusion 
injury lesions. The presence of hemorrhagic foci after CIRI 
has been acknowledged as a clinically important problem. 
Therefore, it is essential to find a simple and reliable 
evaluation technique for determining the perfusion of 
ischemic foci and the state of reperfusion injury (8). Of the 
imaging methods available, emission computed tomography 
(ECT) is time-consuming, requires the use of radioactive 
tracers in imaging, and provides only a low spatial 
resolution of the image. Another method, CT perfusion, 
needs to be applied several times, and repeated use of 
CTP can increase the X-ray radiation dose, causing poor 
diagnosis of small hemorrhagic foci under the tentorium 
and near the skull base. On the other hand, magnetic 
resonance imaging (MRI) has multiple imaging parameters 
with an abundant amount of different imaging sequences 
being available at the same time. Thus, MRI has great 
potential value for the comprehensive detection of CIRI and 
has already demonstrated relatively clear imaging for this 
purpose (9). Additionally, the resolution of craniocerebral 
MRI is much higher than that of CT, can be used to image 
any plane, and can show the grey and white matter of the 
brain more clearly without bone artifact. Furthermore, MRI 
has a strong diagnostic ability for diseases of sella, inner 
auditory canal, and posterior fossa, and is far superior in 
showing structural lesions of the skull base (10). Therefore, 
our study aimed to analyze the cranial MRI findings and 
serum miRNA-183 in CIRI patients with CSVD, in order 
to provide predictive indicators for the prevention of CIRI 
patients with cerebral vascular disease.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.

http://dx
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Methods

General information

The CIRI group consisted of 138 CSVD patients with 
concurrent CIRI aged 60–75 years old who had been 
admitted to Second Affiliated Hospital, University of South 
China from May 2018 to May 2019, most of whom came 
from Hengyang, Hunan Province. This group included 70 
males and 68 females, and the average age was 65.12±6.35. 
The control group, which consisted of healthy volunteers 
with no abnormalities on MRI, totaled 60 cases, including 
31 males and 29 females, with an average age of 65.21±6.17. 
The patients’ general information was recorded, and there 
was no statistically significant differences between the groups 
according to the general data records (P<0.05). The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013)  and was approved by the Medical Ethics 
Committee of University of South China (4304079008946). 
Written informed consent was obtained from all patients.

Inclusion criteria and exclusion criteria

The inclusion criteria were the following: patients in the CIRI 
group needed to meet the diagnostic criteria as delineated by 
the Chinese expert consensus on the diagnosis and treatment of 
cerebral vascular disease (10); CIRI cases needed to be treated 
with thrombolytic therapy, with no abnormal communication 
being observed; patients needed to sign informed consent. 
Patients were excluded if they had a MRI lesion diameter over 
20 mm; a history of intracranial arterial stenosis or intracranial 
hemorrhage; cerebral hemorrhage; a cerebral embolism type 
that was cardiogenic; blood disease; tumors; or severe liver, 
kidney, heart, or lung damage. 

Serum miRNA-183 expression detection by quantitative 
real-time polymerase chain (RT-qPCR)

Early in the morning, 4 mL of blood was drawn from patients 

who had an empty stomach. Samples were centrifuged at 
2,500 r/min, centrifuged for 10 min, and then serum was 
collected from the centrifugal tube. Serum total RNA was 
extracted with a whole blood RNA extraction kit (AM1836, 
Thermo Fisher, USA). Total RNA was reverse transcribed 
into cDNA, using DNA fluorescent SYBRGreenⅠto test the 
expression level of miRNA-183, with U6 as the reference 
gene, in 40 cycles at 60 ℃ for 10 min, at 95 ℃ and 72 ℃ for 
30 s, and at 95 ℃ for 5 min. Experiments were repeated three 
times, using 2−ΔΔCT expression of miR-183 for calculations. 
The primer sequences are shown in Table 1.

Enzyme-linked immunosorbent assay (ELISA) methods 

The whole blood of each group of patients was collected 
with heparin for anticoagulation treatment, mixed and 
placed on ice, centrifuged at 4 ℃ at about 1,000–2,000 g  
for 10 minutes, and the light yellow supernatant was 
taken to obtain plasma. Using an ELISA kit (Beyotime 
Biotechnology Co., Ltd., China), the levels of TNF-α,  
IL-18, IL-1β and IL-6 in the supernatant were determined 
according to the instructions. Add samples or standards 
of different concentrations to the corresponding wells at  
100 μL/well, seal the reaction wells with sealing film, 
incubate at room temperature for 120 minutes, wash the 
plate 5 times; add 100 μL/well of biotinylated antibody, 
and seal with sealing film Hold the reaction well, incubate 
at room temperature for 60 minutes, wash the plate  
5 times; add horseradish peroxidase labeled Streptavidin 
100 μL/well. Seal the reaction wells with a sealing film, and 
incubate for 20 minutes at room temperature in the dark. 
After incubation, wash the plate 5 times; add 100 μL/well of 
the developer TMB solution, seal the reaction wells with a 
sealing film (white), and incubate at room temperature away 
from light for 20 minute. Add 50 μL/well of stop solution, 
and measure the absorbance value at 450 nm after mixing.

Cerebral MRI

A Philips Achieva MRI detector (3.0T) was used for MRI 
imaging, the baseline was the orbitomeatal line (OM line), 
and the brain stem, cerebellar hemisphere, basal ganglia, 
lateral ventricular body, parietal cortex, and subcortical 
layers were scanned, ranging from the intracarotid artery 
position to the upper part of the corpus callosum artery. 
The maximum density projection treatment was applied to 
the patient. The front and back positions were rotated to 
the left and around. The degree of rotation was 360°, and 

Table 1 Sequence table of RT-qPCR primers

Gene Primer sequences

miR-183 5'-ACACTCCAGCTGGGTATGGCACTGGTAGAA-3'

U6 5'-CTCGCTTCGGCAGCACA-3'
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an image frame was acquired at 19° intervals.

Statistical analysis

Epidata3.10 and SPSS22.0 software were used to analyze 
the levels of miRNA-183, TNF-α, IL-6, IL-8, and IL-
1β in the CIRI group and control group. The variables 
are expressed by x s±  and were analyzed by t-test. 
The correlation between the expression of miR-183 in 
serum and the number of imaging lesions was analyzed 
by Pearson’s correlation. A P value <0.05 indicated a 
statistically significant difference.

Results

Craniocerebral MRI examination

As shown in Figure 1, MRI monitoring revealed that 

patients in the CIRI group had multiple microbleeds 
outside the infarct in the brain and in the infarct area. 
The veins in the infarct area were significantly reduced or 
had disappeared on the contralateral side, and the veins 
had increased and thickened to varying degrees. T1W1 
appeared as a moderately high signal in the low signal area, 
and T2W1 appeared as a low signal in the high signal area.

The changes of miR-183 levels in peripheral venous blood 
in each group

Peripheral blood samples were collected from 138 patients 
with CIRI and 60 healthy volunteers, and the expression of 
miR-183 in serum was detected by RT-qPCR. As shown in 
Figure 2, compared with the control group, the expression 
level of miR-183 in the peripheral blood of patients with 
CIRI was significantly higher (P<0.01). 

The expression of TNF-α, IL-6, IL-8, and IL-1β in serum 
was upregulated 

We used ELISA to detect the expression of inflammatory 
factors in serum. Compared with the control group, the 
serum levels of TNF-α, IL-6, IL-8, and IL-1β in the CIRI 
group were significantly higher (P<0.05) (Figure 3).

Pearson’s correlation analysis

Figure 4 shows the results of Pearson’s correlation analysis. 
The level of serum miRNA-183 in the CIRI group was 
positively correlated with the increase of imaging lesions 
(r=0.758, P<0.0001). R2=0.57 indicates that the regression 
relationship can explain the 57% variation of the dependent 
variable.

Figure 1 MRI examination of the brain. MRI, magnetic resonance imaging.
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Figure 2 The expression of miR-183 in the peripheral blood of 
patients with CIRI was upregulated. **, P<0.01 compared with the 
control group. CIRI, cerebral ischemia-reperfusion injury.
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Discussion

Cerebral vascular disease has the characteristics of high 
morbidity, mortality, and recurrence rate, and most 

frequently occurs in its ischemic form. Reperfusion of blood 
flow and restoration of blood oxygen supply are still the 
main principles of current clinical treatment (11). Although 
this kind of treatment can achieve occlusive cerebral 
vascular recanalization, it tends to further or irreversibly 
aggravate the pathological damage of ischemic tissue and 
worsen the clinical symptoms, which is known as CIRI. 
Current studies suggest that CIRI injury is closely related 
to excitatory amino acid toxicity, intracellular Ca2 overload, 
excessive generation of free radicals, and leukocyte-
induced inflammatory response and cell apoptosis (12).  
However, the cytokines-induced by free radicals are also 
closely associated with CIRI. Free radical-induced adhesion 
molecules also play an important role in the development 
of reperfusion injury. Lipid, protein, and nucleic acid 
peroxidation are also caused by free radicals, which 
indirectly damage the membrane structure and causes 
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Figure 3 The expression levels of IL-6, IL-1β, TNF-α, and IFN-γ in serum were detected by ELISA. **, P<0.01 compared with the control 
group. IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; ELISA, enzyme-linked immunosorbent assay.

Figure 4 Pearson’s analysis of the correlation between serum 
miRNA-183 level and the number of imaging lesions in patients 
with CIRI. CIRI, cerebral ischemia-reperfusion injury.
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protein degradation, destroying the nucleic acid backbone. 
This causes hyaluronic acid hydrolysis polymerization, cell 
disintegration, and mitochondrial degeneration, leading 
to irreversible changes in cells and eventual death. Free 
radicals and other messengers can stimulate ischemic cells 
to secrete inflammatory cytokines and chemokines, thus 
inducing the aggregation and infiltration of white blood 
cells in the cerebral ischemia site, which will aggravate 
the inflammatory response in the damaged site and form a 
vicious inflammatory response cycle (13). Patients are often 
not aware of the poor condition of their own disease, so 
the diagnosis of CIRI must rely on brain imaging diagnosis 
and differentiation. MRI is critical for the diagnosis of the 
vascular state of brain tissue after reperfusion of the brain in 
CVSD (14). In the present study, patients in the CIRI group 
had multiple microbleeds outside the infarct in the brain 
and in the infarct area. The veins in the infarct area were 
significantly reduced or disappeared from the contralateral 
side, and the veins increased and thickened to varying 
degrees. T1W1 appeared as a moderately high signal in the 
low signal area, and T2W1 appeared as a low signal in the 
high signal area, which suggests that MRI could detect early 
abnormal perfusion in the local brain tissue. MRI is widely 
used in brain diagnosis, and it is sensitive to the detection of 
cerebral apoplexy with microbleeds and arterial thrombosis. 
It can clearly display cerebral venules and sensitive detection 
of microbleeds. It has potential application value in the 
diagnosis and evaluation of CIRI (7).

Increasing attention has been paid to the application 
of miRNA in clinical practice. The brain tissue is rich in 
miRNA, with more types and higher expression levels of 
miRNA than in other organs. The expression of miRNA in 
the brain is closely regulated, and the expression of miRNA 
has fixed sequences and regions during the development 
of the brain (15). When the body is geomagnetic, miR-
183 exists in sense organs, and when cancer, neurological 
disorders, or autoimmune disorders occur, miR-183 has a 
higher expression in the non-sensory organs. In etiology 
research and target therapy, the use miR-183 and some 
associated factors has gradually increased for the diagnosis, 
prevention and treatment of CIRI (16). miR-183 also 
exhibits specific expression in the human and mouse cerebral 
cortex, affecting the development of the cerebral cortex and 
regulating the differentiation of nerve cells. For example, 
after dorsal root ganglion injury in adult rats, the expression 
of miR-183 was significantly decreased, and its distribution 
was closely related to stress granule (SG) protein, suggesting 
that the regulation of chronic neuralgia by miR-183 could 

be realized through pain-related genes (17). Yuan et al. (18) 
found that miR-183-5p increased in the hippocampus under 
chronic and persistent mild mental stress, indicating that 
the increased miR-183-5p level was associated with stress-
induced depression. Meanwhile, miR-183 was demonstrated 
to interfere with glucose and lipid metabolism, and its 
abnormal expression has been related to metabolic diseases 
like obesity and diabetes, and it has been shown to induce 
cerebrovascular diseases, such as atherosclerosis (19). In this 
study, RT-qPCR detection found that, compared with the 
control group, the level of miR-183 in peripheral blood of 
patients with CIRI was significantly higher than that of the 
control group. Meanwhile, the level of serum miR-183 in 
the CIRI group was positively correlated with the increase 
of imaging lesions. These results confirm that miR-183 is 
involved in the occurrence and development of ischemia-
reperfusion. MiR-183 can inhibit the activation of microglia 
and the expression of inflammatory factors through NF-
κ-signaling pathway (20). Down regulation of miR-
451 can promote angiogenesis by targeting macrophage 
migration inhibitory factor in hypoxic human umbilical 
vein endothelial cells, indicating that miR-451 is a potential 
candidate for the treatment of cerebral ischemia injury (21).  
SNHG1 targets miR-199a and up regulates SIRT1 
expression, thus alleviating cerebral ischemia/reperfusion 
injury through AMPK pathway activation (22).

The inflammatory response also participates in the injury 
stage of cerebral ischemia-reperfusion. The aggregation 
and infiltration of neutrophils are particularly critical in the 
inflammatory response stage. The inflammatory response 
generates a release of various cytokines activated by vascular 
endothelial cells, platelets, and immune cells. During the 
progression of ischemia-reperfusion, inflammatory cells 
produce various cytokines, such as TNF-α, IL-1β, IL-6, 
IL-8, and others (23). In this study, we found that TNF-α, 
IL-6, IL-8, and IL-1β levels of CIRI patients increased 
compared with the those of control group, which confirmed 
the mechanism of vascular endothelial cell inflammatory 
injury in CIRI patients. We also revealed that the occurrence 
of CIRI was closely correlated to the expression levels of 
inflammatory cytokines, and that IL-1β could regulate the 
immune response produced in macrophages, T cells, B cells 
and other cells. This in turn increases the release of cell 
adhesion molecule-1, leading to improved adhesion of white 
blood cells and aggravating the inflammatory response and 
the nerve damage. TNF-α can stimulate the production 
of macrophages, resulting in an increased inflammatory 
response in the body and a more severe condition. The 
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inflammatory cytokines produced by macrophages need the 
assistance of IL-1β, and both inflammatory cytokines are 
highly expressed and aggravate local inflammation. IL-8 
is a cytokine that plays a chemotactic role in the body’s 
immune response and stress response, and the aggregation 
of inflammatory cells in the infarct area is intensified by the 
combined action of the above inflammatory factors (24). 
Studies have found that anti-IL-8 antibody can intervene 
in tissue damage caused by neutrophils and reduce the 
infarct area, suggesting that anti-IL-8 antibody may be a 
key measure in preventing tissue damage and inflammatory 
response. Zhou et al. (25) found scalp acupuncture can make 
the inflammatory cytokines TNF-α and IL-1β levels drop, 
and that IL-1β obvious inhibited leukocyte infiltration after 
cerebral ischemia reperfusion. Scalp acupuncture can protect 
the brain tissue injured by CIRI, accelerate the recovery of 
neural function after cerebral ischemia, and rebuild structural 
damage in nerve tissue. Deng tested TNF-α and IL-6 in a 
model and sham operation group by establishing a large CIRI 
model, and found that the levels of TNF-α and IL-6 in the 
model group were higher than those in the sham operation 
group. After the treatment with an alcohol extract of Radix 
Morindae Officinalis, the expressions of TNF-α and IL-6 were 
significantly reduced, which had a significantly protective 
effect on CIRI in rats. At present, the role and mechanism 
of miR-183 in CIRI has not been deeply studied. In addition 
to the inflammatory response, miR-183 is closely related to 
CIRI. Thus to clarify the diversity of expression of miR-183 
in CSVD CIRI, a multi-direction study was carried out on 
miR-183 to provide a new research basis for the prevention 
and treatment of CIRI.

Conclusions

CIRI injury in CSVD patients is a complex process with 
multiple factors, one of these being miR-183, which plays 
a role in the occurrence, development, and prognosis of 
this condition. miR-183, TNF-α, IL-1β, IL-6, IL-8, and 
other indicators can be easily obtained to screen for CIRI 
in CSVD patients. In combination with brain imaging 
examination, the correlation between each indicator and 
CIRI in CSVD patients can be determined. Further study 
on miR-183 may likely yield new approaches and methods 
for the prevention and treatment of CSVD.
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