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Expression and Significance of MicroRNA155 in Serum of
Patients with Cerebral Small Vessel Disease
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Objective : This study aimed to investigate the changes and significance of microRNA155 levels in serum of patients with cerebral
small vessel disease (CSVD).

Methods : Thirty patients with CSVD who met the inclusion criteria were selected and divided into eight patients with lacunar
infarction (LI) group and 22 patients with multiple lacunar infarction (MLI) combined with white matter lesions (WML) group
according to the results of head magnetic resonance imaging (MRI). Thirty samples from healthy volunteers without abnormalities
after head MRI examination were selected as the control group. The levels of serum microRNA155 in each group were determined
by real-time polymerase chain reaction, and the correlation between microRNA155 in the serum of patients with CSVD and the
increase of imaging lesions was analyzed by Spearman correlation analysis.

Results : Compared with the control group, the serum microRNA155 level in the LI group, MLI combined with WML group
increased, the difference was statistically significant (p<0.05); serum microRNA155 level was positively correlated with the increase
of imaging lesions (p<0.05).

Conclusion : The change of serum microRNA155 level in patients with CSVD may be one of its self-protection mechanisms, and
the intensity of this self-protection mechanism is positively correlated with the number of CSVD lesions.

Key Words : Cerebral small vessel disease - Serum - microRNA155 level - Real-time polymerase chain reaction - Self protection
mechanism.

INTRODUCTION pathophysiological synergistic effect between AD and CSVD.

And there is also a relationship between CSVD and mild Par-

Cerebral small vessel disease (CSVD) is a common cerebro- kinson’s sign, the latter caused by the former with interfering

vascular disease'”. With the continuous development of imag- the basal ganglia-thalamic cortical circuit involving the fron-
ing, the detection rate of CSVD has also been increasing™. tal and parietal lobes”.

Some studies have found that CSVD is closely related to Al- Hypertension or diabetes is important in the development

zheimer disease (AD) and Parkinson’s disease. There is a of CSVD, but the exact pathogenesis of CSVD is still un-
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clear””. Tt has been found that increased blood-brain barrier
(BBB) permeability and endothelial dysfunction are associated
with CSVD, and the destruction of BBB is an important path-
ological feature of CSVD. Therefore, circulating biomarkers of
vascular endothelial dysfunction may play an important role
in CSVD recognition'**”. The high expression of endothelial
markers, such as intracellular adhesion molecule-1, has been
proved to be related to WMH progression and and supports
the role of endothelial dysfunction in CSVD'". Associations
between inflammatory markers and CSVD have also been re-
ported in many population-based cohort studies.
MicroRNA-155 (miR-155) plays an important role in a vari-
ety of cellular functions, including hematocyte differentiation,
immunity, inflammation and cardiovascular disease. Mi-
croRNAs (miRs) is a typical post-transcriptional gene expres-
sion regulator, which has significant stability in serum®’. MiR-
155 is an important member in miRs, which is vital to body
function, involving hematopoietic cells, immunity, inflam-

7,11,22,24 [ .
/ ) In addition, miR-

mation and cardiovascular disease
155, as an oncogene, has over expression in a variety of malig-
nant tumors, including nasopharyngeal carcinoma, breast
cancer, hepatocellular carcinoma and gastric cancer. Accord-
ing to reports, hippocampal dysfunction is associated with

depressi0n23,28,33,35,37

. In recent years, the role and mechanism
of miR-155 in CSVD is still unclear. And the research on
CSVD is mostly risk factor analysis and imaging changes, but
there are few reports on whether there are self-protection

mechanisms and self-protection mechanisms research.
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MATERIALS AND METHODS

Materials

The study was approved by the Ethics Committee of Puer
People’s Hospital, and all subjects signed an informed consent
form. Thirty patients with CSVD who met the inclusion crite-
ria in the Department of Neurology, Pu'er People’s Hospital
from October 2018 to November 2018 were selected, all of
which have had the complete magnetic resonance imaging
(MRI) and susceptibility weighted imaging (SWI) of the cra-
nia. According to the result of cranial MRI examination, they
were divided into lacunar infarction (LI) group and multiple
lacunar infarction (MLI) combined with white matter lesions
(WML) group (Fig. 1). Thirty samples from healthy volunteers
without abnormalities after head MRI examination of Puer
People’s Hospital were selected as the control group. There
were eight patients with LI, including six males and two fe-
males, aged 49—68 years old (58.72£7.34); 22 patients with
MLI combined with WML, 15 males and seven females, aged
48-71 years old (60.04£7.08); healthy volunteers in the control
group of 20 males and 10 females, aged 48—69 years old
(59£6.71). There were no significant differences between the
three groups in gender and age (p<0.05), which were compa-
rable.

Diagnostic criteria
At present, there is no unified conclusion on the diagnostic
criteria for CSVD. This study refers to the “Chinese CSVD di-

Fig. 1. Magnetic resonance imaging manifestations of patients. A : Lacunar infarction group. B : Multiple lacunar infarction combined with white matter

lesions group.
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agnosis and treatment consensus” and combined with the
common performance of MRI to establish the following crite-
ria : 1) LI : MRI showed a circular, elliptical or fissure-like cav-
ity with a clear boundary, 3—15 mm in diameter, a significant-
ly low signal on TIWI and a high signal on T2WI (Fig. 1A);
2) WML : manifested as punctate or flaky abnormal signals in
the basal ganglia, semi-oval center, and radiation crown,
TIWI showed low signal, T2WI and MRI liquid attenuation
inversion recovery sequence was high signal, lesion boundary
was blurred and the diameter was more than 5 mm (Fig. 2A);
3) cerebral microbleeds : MRI T2WI gradient echo or SWI
showed uniform circular low-signal lesion with a diameter of
2-5 mm, surrounded by no edema (Fig. 2B); and 4) expansion
of the perivascular space : T2WI had a high signal, diameter
<3 mm, circular or linear, located in white matter and deep

gray matter, and a low signal was visible on T1 (Fig. 2C).

Inclusion criteria and exclusion criteria

Inclusion criteria : 1) those with complete MRI and SWI
data; 2) those who meet the above criteria for diagnosis of
CSVD (diagnostic criteria 1 and/or diagnostic criteria 2);
3) MRI indicates that the infarct is LI or MLI combined with
WML; and 4) those who have no communication problems
and agree to participate in the study.

Exclusion criteria : 1) MRI showed that the diameter of the
infarct was >20 mm; 2) computed tomography angiography
of the head and neck showed stenosis of the intracranial and
extracranial aorta, intracranial hemorrhagic disease or previ-
ous cerebral hemorrhage, cardiogenic cerebral embolism;
3) those with tumors, severe heart, lung, liver and kidney dis-
eases and blood diseases; 4) those with genetic, metabolic,

poisoning and rheumatic immune system diseases; and 5)
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those with central nervous system infections, multiple sclero-
sis and other central systems inflammatory demyelinating

diseases, brain trauma, brain tumors, etc.

Sample collection and detection

In the early morning, the peripheral arterial blood of the el-
bow artery was taken on fasting, and the blood sample was
stored in a centrifuge tube containing heparin. After the sam-
ple was collected for 30 minutes, it was centrifuged at 2000
r/min at 4°C for 15 minutes. The serum was separated and
stored in a refrigerator at -80°C for reserve. Real-time quanti-
tative polymerase chain reaction was used to detect the ex-
pression level of miR-155 in serum. U6 RNA primers (internal
reference primers) and miR-155 stem-loop primers were pur-
chased from Guangzhou RiboBio Co., Ltd (Guangzhou,
China). The relative quantity of gene expression was expressed
by 2—AA(‘,1.

Statistical analysis

SPSS ver. 20.0 statistical software (IBM, Guangzhou,
Guangdong, China) was used for data analysis. The normal
distribution of measurement data was expressed by meant
standard deviation. Analysis of variance was used. Two inde-
pendent samples t test were used for comparison between the
two groups, and Spearman correlation analysis was adopted.

<0.05 was considered statistically significant.

RESULTS

MiR-155 levels in the three groups of serum
Compared with the control group, the levels of miR-155 in

Fig. 2. Magnetic resonance imaging performance of cerebral small vessel disease. A : White matter lesions of brain. B : Cerebral microbleeds. C : The
perivascular space is enlarged.
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the serum of the LI group increased (p<0.05), and MLI com-
bined with WML group increased (p<0.001). Because the
number of lesions in LI is not directly related to cerebral small

vessels, it does not need to be considered (Table 1 and Fig. 3.

Correlation analysis between serum miR-155
level and cerebrovascular disease
The level of miR-155 in serum was positively correlated with

the increase of imaging lesions (p<0.05) (Table 1).

DISCUSSION

Changes and mechanisms of miR-155 levels in
serum of patients with CSVD
MiR-155 belongs to one of the miRs and is a typical multi-

functional gene localized to human chromosome 21. Located

Table 1. MiR-155 levels in the three groups of serum and correlation
analysis

Group N Levels of serum miR-155
Control 30 6.26+0.86

LI 8 11.52+1.62%

MLI combined with WML 22 15.8241.25'

Fvalue 28992

P1 value 0.000

R value 0.523

P2 value 0.042

Values are presented as meanzstandard deviation or number.
*Compared with the control group, p<0.05. "Compared with the control
group, p<0.001. miR-155 : microRNA-155, LI : lacunar infarction, MLI :
multiple lacunar infarction, WML : white matter lesions

20 |- *
[l Control

! 1 mu

[IMLI combined
| ' I
0

with WML
Fig. 3. MiR-155 levels in the three groups of serum (meanztstandard
deviation). *p<0.01. 'p<0.05. miR-155 : microRNA-155, LI : lacunar
infarction, MLI : multiple lacunar infarction, WML : white matter lesions.

MiR-155 levels (fold change)
I
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in the 3rd exon of the B-cell integration cluster (BIC) gene, its
expression level is regulated by the transcriptional level of BIC
gene and processing of other miRs.

This study'” showed that the levels of miR-155 in the serum
of LI group and MLI combined with WML were higher than
those in the control group (p<0.05), suggesting that the level
of miR-155 in serum of CSVD increased™”. Further analysis of
the correlation between the changes of serum miR-155 levels
in patients with CSVD and the increase of imaging lesions
found that the level of miR-155 in serum was positively corre-
lated with the number of lesions (p<0.05), showing that the
more imaging lesions in patients with CSVD, the higher the
level of miR-155 in the serum'”.

BBB dysfunction is considered to be a biological marker of
cerebral stroke, and increased cerebral vascular permeability
and BBB leakage will lead to ischemic brain damage”. Zhang
et al.”¥ pointed out that miR-155 can be used as a negative
regulator of BBB function. This study found that the inhibi-
tion of endogenous miR-155 attenuated some of the high per-
meability induced by cytokines”. In addition, miR-155 not
only targets cell-complex molecules, such as annexin-2 and
annexin-1, but also targets adhesion molecules, such as
DOCK-1 and Synthin-1 to regulate brain endothelial function.
Ago" found that Bcl-2 was an important anti-apoptotic pro-
tein in mice, which can reduce BBB destruction and cerebral

. . . . . .4
infarction in mice after focal cerebral ischemia” .

Significance of changes in serum miR-155 levels
in patients with CVSD

In recent years, a lot of research has shown that the mainte-
nance and exercise of normal brain function mainly depend
on the function and structure of sound and intact neurovas-
cular units in the brain parenchyma’. The integrity of neuro-
vascular unit function depends on the neuroglial cells and
neurons in the process of neurotransmitter conversion and
transmission'”, and then coordinates with each other to per-
form their functions; the integrity of neurovascular unit
structure depends on the integrity of its multiple constituent
cells-nerve and non-neural cell integrity’”. Neurons and glial
cells are involved in the formation of nerve cells, and glial cells
contain microglia, astrocytes, and oligodendrocytes; non-
neuronal cells include vascular smooth muscle cells and vas-
cular endothelial cells, basement membrane and extracellular

matrix'”. Although the brain parenchymal damage caused by



CSVD is small, it also destroys the function and structural in-
tegrity of the neurovascular unit.

Nitric oxide (NO) secreted by vascular endothelium is for
vascular endothelial homeostasis. Decreased NO released by
nitricoxide synthase leads to endothelial dysfunction. Hypox-
ia and ischemia reduce endothelial nitric oxide synthetase
(eNOS) expression in endothelial cells through post-transcrip-
tional mechanism, resulting in NOS3 transcriptional instabil-
ity. In this study, we found that miRNA contributes to this
mechanism”. By studying changes in the expression profile of
miRs in ischemic stroke, it was found that the expression level
of miR-155 in rat brain tissue was increased™”, indicating that
miR-155 was closely related to ischemic stroke. In recent years,
studies have shown that in the acute phase of stroke in mice,
the inhibition of miR-155 protects cerebral vascular endothe-
lial cells'”, attenuates immune inflammatory responses in
ischemic mouse brain tissue'”, and is good for neurological
rehabilitation and infarct size reduction in ischemic stroke
mice”. Pena-Philippides research team used novel Locked
Nucleic Acid technology™ to inhibit miR-155 in ischemic
stroke mice and found that the expressions of cytokines
CCLI12, CX-CL3 and inflammation-related molecules were
significantly reduced in experimental mice. It promotes cere-
bral angiogenesis, reduces brain tissue damage, and improves
neurological function recovery. In the mouse model of stroke,
there are also studies that use acetylcholine ester to inhibit
miR-155 and achieve good recovery™. The new treatments in
these experiments will provide new ideas for the treatment of
clinical patients, and further clinical trials are needed to con-
firm this result”.

The level of miR-155 in serum plays a role in the occurrence,
development and prognosis of CSVD”. The increase of serum
miR-155 level in patients with CSVD may be one of its self-
protection mechanisms, and the strength of this self-protec-
tion mechanism may be positively correlated with the number
of lesions. Further in-depth research on the level of miR-155
in the serum of CSVD will bring new ways and methods for
the prevention and treatment of CSVD™”. It is hoped that
more researchers will contribute to the clearer relationship be-
tween miR-155 and inflammatory markers from different as-
pects, and further study of relationship between miR-155 and
cerebral small vessels.
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CONCLUSION

This study shows that the change of serum miR-155 level in
CSVD patients may be one of the self-protection mechanisms,
and the intensity of this self-protection mechanism is posi-
tively correlated with the number of CSVD lesions. It provides
another idea for the diagnosis and treatment of CSVD.
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