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A b s t r a c t

Introduction: Ruptured intracranial aneurysm (RA) can lead to subarachnoid haemorrhage (SAH). This study was  
to explore the predictive value of cerebrospinal fluid (CSF) derived exosome miR-152-3p and its regulatory role in  
the human vascular smooth muscle cells (HVSMCs).
Material and methods: Real-time quantitative polymerase reaction was carried out to detect CSF exosome miR- 
152-3p in 66 patients with unruptured intracranial aneurysms (UA), 69 patients with RA, and 68 patients with hydro-
cephalus. Clinical predictive value of SAH occurrence was assessed using receiver operating characteristic curve (ROC) 
and logistics regression analysis. Cell Counting Kit-8 and Transwell were employed to detect the proliferation and 
migration of HVSMCs. The binding relationship between miR-152-3p and PTEN was confirmed by the dual-luciferase 
reporter assay.
Results: Compared with hydrocephalus, exosome miR-152-3p was lower in patients with intracranial aneurysms, 
and among them, RA was lower than in patients with UA (p < 0.001). ROC confirmed that exosome miR-152-3p 
not only distinguishes patients with UA from patients with hydrocephalus but also predicts SAH in patients with 
intracranial aneurysms. Logistic regression analysis showed that miR-152-3p (OR = 0.039, 95% CI = 0.015-0.106,  
p < 0.001) and aneurysm size (OR = 2.701, 95% CI = 1.045-6.890, p = 0.040) were independent predictors of progression 
for UA to RA. Increased miR-152-3p inhibited the proliferation and migration of HVSMCs. PTEN was the direct target 
gene of miR-152-3p, which was elevated in CSF-derived exosomes and negatively correlated with miR-152-3p levels.
Conclusions: Our study confirmed that the CSF-derived exosome miR-152-3p was a feasible predictor of SAH and 
was involved in the dysfunction of HVSMCs.
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Introduction

Subarachnoid haemorrhage (SAH) is defined as 
a sudden filling of the subarachnoid space with blood. 
As a serious cerebrovascular disease, it accounts for 

5-7% of strokes [6] and is associated with 50% of the 
annual global mortality rate [17]. About 10% of pa- 
tients died before reaching the hospital and 45% of 
patients died within 30 days [17]. The aetiology of SAH 
is complex, but 85% of SAH are caused by a ruptured 
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intracranial aneurysm (RA), resulting in intracranial 
hypertension and decreased cerebral blood flow [29]. 
However, unruptured intracranial aneurysms (UA) are 
asymptomatic and the diagnosis relies on expensive 
and time-consuming radiological techniques [14]. 
Moreover, the rupture of the intracranial aneurysm 
is sudden and the exact mechanism of their rupture 
is not known. In summary, early recognition and pre-
diction of aneurysmal SAH (aSAH) and understanding 
of its pathological mechanism can help improve its 
clinical outcome. 

MicroRNAs (miRNAs) are a class of small (22 nucleo-
tides) non-coding RNA molecules that regulate the dis-
ease processes by regulating their targets. Moreover, 
miRNAs are among the main active components carried 
by exosomes from different sources [25]. Exosomes are 
bilayer membrane vesicles with a diameter of 40-160 nm 
that transfer proteins, lipids, DNA, RNA (miRNA, 
LncRNA) into recipient cells to regulate their biological 
processes and affect the progression of the disease [15]. 
Exosome miR-124 is involved in the neuronal trans-
mission of SAH and attenuates early brain injury [2]. 
Cerebrospinal fluid (CSF) exosome miR-630 regulates 
endothelial cell function in SAH [20]. In addition, exo-
somal miRNAs have shown advantages over tradi-
tional miRNAs as biomarkers for disease diagnosis, 
prediction, and prognosis. For example, miRNAs are 
protected by RNase because they are encapsulated by 
exosomes. Secondly, primitive miRNAs are encapsulat-
ed in exosomes, which can better reflect the specific 
information of parental cells [10]. For example, serum 
exosome miR-19a-3p is a  diagnostic biomarker for  
the occurrence of the intracranial aneurysm [9].

miR-152-3p has been reported to be involved 
in neuronal damage in ischemic stroke [27]. Low 
expression of serum-derived exosome miR-152-3p 
in acute ischemic stroke patients correlates with its 
progression [18]. Remarkably, Stylli et al. identified 
differentially expressed miRNAs in CSF from non-SAH 
patients and SAH patients (combined vasospastic or 
non- vasospastic) and confirmed a significant down-
regulation pattern of miR-152 in miRNAs [19]. There-
fore, we hypothesized that the CSF-derived exosome 
miR-152-3p may have a  potential clinical value in 
aSAH and may be involved in the progression of 
the disease. For this reason, we conducted studies 
to search for biomarkers that could identify RA for 
predicting the development of SAH and attempted 
to explore their potential mechanisms by regulating 
miR-152-3p levels in vitro.

Material and methods
Ethics statement 

The study was conducted with the approval of the 
medical board of Quzhou People’s Hospital. Informed 
consent was obtained prior to the collection of samples 
and subsequent analysis. 

Participant population

From June 2017 to January 2019, the department 
of neurology at Quzhou People’s Hospital admit-
ted 66 patients with UA (34 males, 32 females). 
These patients had symptoms such as headache, 
vomiting, ptosis, or diplopia, but were otherwise 
normal. Another 69 patients with RA (35 males, 
34 females) were included in this study during the 
same period. According to a  previous study [19],  
the main inclusion criteria were: 1) Cerebral CT scan, 
digital subtraction angiography (DSA), neuroimag-
ing studies, and the presence of blood or yellowing 
of lumbar cerebrospinal fluid to diagnose aSAH.  
CT was to assess whether an intracranial aneurysm 
has ruptured. DSA was mainly to determine the aneu-
rysm’s location and morphology. 2) Acute patients 
with severe nausea, headache, vomiting. 3) Ex- 
cluding SAH not caused by intracranial aneurysms, 
such as vascular malformation or arterial dissection.  
4) Patients with parenchymal haemorrhage or intra-
cranial hematoma were also excluded. What is more, 
68 patients (32 males, 36 females) with age-matched 
normal pressure hydrocephalus in the same period 
served as the controls. And the inclusion criteria were: 
1) Cerebral CT confirmed ventricular amplification but 
maintained normal intracranial pressure. 2) Need for 
cerebrospinal fluid shunt surgery. 3) No recurrence 
of cardiovascular and cerebrovascular diseases, such 
as stroke and meningitis. The clinicopathological fea-
tures of the subjects were listed in Table I.

Collection of CSF

Participants’ 4 ml CSF samples were collect-
ed through a  lumbar catheter and placed in sterile 
tubes. And immediately, the cells and cell debris were 
removed by centrifugation. The supernatant was 
immediately stored at –80°C for subsequent analysis.

Isolation and identification of exosomes 

Based on previous studies [3], exosomes were 
isolated from CSF using the Total Exosome Isola-
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tion Reagent (4484453, Thermo Fisher Scientific).  
The isolated exosomes were then identified by West-
ern-blot and extracts were confirmed as exosomes. 

Western-blot analysis 

Lysis of exosome microspheres with protein 
lysates containing protease inhibitors. And its con-
centration is determined by BCA assay Kit. The pro- 
teins were then added to SDS-SPAGE gels for sepa-
ration and subsequently transferred to PVDF mem-
branes at a voltage of 90V for 110 min. 5% of bovine 
serum white was blocked. Subsequently incubated 
overnight at 4°C with primary antibodies of anti-CD9 
(ab92726, Abcam), anti-HSC70 (PA5-27337, Thermo 
Fisher Scientific), and anti-TSG101 (sc-7964, Santa 
Cruz Biotechnology). TBST was washed 3 times for  
10 min each time and incubated with a  secondary 
antibody at room temperature for 2 h. TBST was 
washed another three times, followed by a chemilumi-
nescence assay to detect the protein expression level.

Real time quantitative polymerase 
(RT-qPCR) reaction

The miRcury exosome isolation kit (76743, Qia-
gen) isolates exosomal miRNAs from CSF. The col-
umn purification was then performed through the 
miRcury RNA isolation kit. TRIzol was added into 
cells to isolate total RNA. Then RNA was detected 
in the NanoDRrop spectrophotometer to detect the 
concentration and purity of the eluted RNA. Comple-
mentary DNA (cDNA) was synthesized by the miR-
cute Plus miRNA First-Strand cDNA synthesis Kit 
(KR201-02, Tiangen Biotech) or FastKing gDNA Dis-
pelling RT SuperMix Kit (KR118-02, Tiangen Biotech). 
miRcute Plus miRNA qPCR (SYBR Green) kit (KR211, 
Tiangen Biotech) or SuperReal PreMix Plus (SYBR 
Green) kit (FR205, Tiangen Biotech) and perform the 
amplification reaction on ABMI PRISM 7000 to quan-
titatively analyse RNA. 2−ΔΔCt method normalized the 
relative expression of miR-152-3p and PTEN to U6 
or GAPDH. The sequences of primer were the follow-
ing: miR-152-3p forward 5’-TCGGCAGGTCAGTGCAT-
GACAGAA-3’, reverse 5’-CTCAACTGGTGTCGTGGA-3’; 
PTEN forward 5’-TCCCAGACATGACAGCCATC-3’; re- 
verse 5’-TGCTTTGAATCCAAAAACCTTACT-3’; U6 for- 
ward 5’-CTCGCTTCGGCAGCACA-3’; reverse 5’-AAC-
GCTTCACGAATTTGCGT-3’; GAPDH forward 5’-AAT-
GTGTCCGTCGTGGATCTGA-3’; reverse 5’-GATGCCT-
GCTTCACCACCTTCT-3’. The thermocycling conditions 

used were as follows: 95°C for 10 min followed by  
40 cycles of 94°C for 15 s, 55°C for 30 s and 70°C  
for the 30s.

Culture and treatment of human 
vascular smooth muscle cells (HVSMCs)

HVSMCs were purchased from BeNa Culture 
Collection and grew in an incubator with moderate 
humidity of 37°C and 5% CO2 supplemented with 
DMEM medium with 10% FBS and 1% penicillin/
streptomycin. miR-152-3p mimic, miR-152-3p inhib-
itor, mimic NC, or inhibitor NC were obtained from 
RiboBio and transfected into HVSMCs with the help 
of the transfected reagent of Lipofectamine 3000.  
The RT-qPCR was performed 48 h after transfection to 
verify the transfection efficiency. 

Cell proliferation analysis

The transfected HVSMCs were inoculated into 
each well of a 96-well plate at 1 × 104 cells/100 μl. 
Then 10 μl Cell Counting Kit (CCK-8, GK10001, Bey-
otime) reagent was added to the well every 24 h 
after cell attachment, mixed gently, and placed in 
the incubator for incubation for 1 h. The changes in  
cell proliferation were then assessed by detecting 
the optical density at 450 nm.

Table I. Basic clinical information of the subjects

Parameters Controls
(n = 68)

UA
(n = 66)

RA
(n = 69)

P-value

Gender 0.858

Male 32 34 35

Female 36 32 34

Age (years) 0.170

> 61 38 29 41

≤ 61 30 37 28

Hypertension 0.421

Yes 40 45 47

No 28 21 22

Smoking 0.484

Yes 30 30 37

No 38 36 32

Drinking 0.754

Yes 32 35 36

No 36 31 33

Aneurysm size (cm) 0.021

≤ 5 38 29

> 5 28 40
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Cell migration analysis

After transfection 48 h, HVSMCs were re-suspend-
ed in DMEM containing 1% FBS and inoculated into 
the upper part of the Transwell chamber at a concen-
tration of 1 × 104 cells/200 μl. The Transwell was then 
transferred to an incubator for 16 h to allow com-
plete migration. After PBS washing, the unmigrated 
cells in the upper compartment were removed with 
a  cotton swab. 4% paraformaldehyde was fixed for  
10 min, and 0.1% crystal violet was stained for 20 min. 
The number of cells in 10 fields of view was counted 
under the microscope. 

Luciferase reporter assay

Three online prediction databases TargetScan, 
miRDB, and miRWalk, were analysed for potential 
miR-152-3p targets, and PTEN was identified as con-
taining potential binding sites for miR-152-3p. The 
plasmid containing the predicted miR-152-3p bind-
ing site (WT-PTEN) or mutated binding site (MUT-
PTEN) were subcloned into the luciferase vector 
pmirGLO to construct the recombinant plasmid. And 
they were co-transfected with miR-152-3p mimic or 
inhibitor or NC by Lipofectamine 3000. After 2 days, 
luciferase activity was assessed by a dual-luciferase 
assay system (E1910, Promega Corporation) and 
standardized to Renilla luciferase activity. 

Statistical analysis 

Continuous variables were presented as mean  
± standard deviation (SD) after 3 independent bio-
logical experiment replication. And two-way analysis 
of variance (ANOVA) followed by Tukey’s post hoc 
test was performed to analyse statistical differences 
between multiple groups. Categorical variables were 
carried out using χ2 tests. SPSS 23.0 and GraphPad 
prism 6.0 analysed the data and plotted the table 
and figure. Logistics regression analysis of risk fac-
tors from UA to RA was performed. Receiver operat-
ing characteristic (ROC) curves were plotted and the 
area under the curve (AUC) was calculated to assess 
the diagnostic accuracy of SCF exosomal miR-152-3p. 
P < 0.05 was considered statistically significant. 

Results

General characteristics of the patients 
included 

A  total of 203 subjects were included in the 
present research, of which 66 patients with UA  
(34 males, 32 females), 69 patients with RA (35 ma- 
les, 34 females), and 68 patients with hydrocepha-
lus (32 males, 36 females). Demographic statistics 
were recorded in Table I. And the difference between  
the participants was only in the size of the intracra-
nial aneurysm (p < 0.05). The results indicate that 
the studied sample was representative. 

Fig. 1. Exosome miR-152-3p levels from cerebrospinal fluid (CSF) were detected. A) Western-blot verified 
the expression of exosome-specific markers and they were positive. B) The levels of CSF exosomal miR-
152-3p in patients with hydrocephalus, UA, and RA were investigated by real time quantitative polymerase 
reaction (RT-qPCR). ***p < 0.05 vs. patients with hydrocephalus; ###p < 0.05 vs. UA. UA – unruptured intra-
cranial aneurysms, RA – ruptured intracranial aneurysms.
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Exosome miR-152-3p was reduced  
in CSF from RA patients

Western blotting was performed to examine the 
exosome-specific markers CD9, HSC70, and TSG101, 
which were all positive (Fig. 1A). The association of 
exosome miR-152-3p with the intracranial aneurysm 
was then evaluated. RT-qPCR showed that exosomal 
miR-152-3p was markedly lower in patients with 
intracranial aneurysms compared with patients with 
hydrocephalus, among which RA patients were sig-
nificantly lower than UA patients (p < 0.05, Fig. 1B). 
This suggests that low expression of miR-152-3p 
may play a crucial role in the progress of intracranial 
aneurysm. 

Clinical value of exosome miR-152-
3p in predicting SAH in patients with 
intracranial aneurysm

After identifying the differences in exosome 
miR-152-3p expression levels between UA and RA 
patients, we attempted to explore its predictive val-
ue in SAH. ROC results showed that exosome miR-
152-3p could significantly distinguish UA patients 
from patients with hydrocephalus, with an AUC 

of 0.917, specificity of 84.80%, and sensitivity of 
86.8%, respectively (Fig. 2A). What is more, exo-
some miR-152-3p was able to identify RA patients 
with SAH from UA patients. The AUC was 0.891, the 
sensitivity was 84.1% and the specificity was 83.3% 
(Fig. 2B). Subsequently, logistic regression analysis 
revealed that miR-152-3p (OR = 0.039, 95% CI = 
0.015-0.106, p < 0.001) and aneurysm size (OR = 
2.701, 95% CI = 1.045-6.890, p = 0.040, Table II) 
were an independent predictors of UA progression 
to RA. The above experimental results confirmed 
the predictive value of exosome miR-152-3p for  
the occurrence of SAH.
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Fig. 2. Receiver operating characteristic curve (ROC) was used to evaluate the clinical predictive value of 
exosome miR-152-3p. A) The exosome miR-152-3p can significantly identify UA patients from hydrocepha-
lus patients. B) Exosome miR-152-3p can typically predict the occurrence of SAH in intracranial aneurysm 
patients.
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Table II. Relationship between different vari-
ables and the development of unruptured aneu-
rysm into the ruptured aneurysm

Characteristics OR 95% CI P value

MiR-152-3p 0.039 0.015-0.106 < 0.001

Gender 0.718 0.286-1.801 0.480

Age (years) 1.825 0.734-4.539 0.196

Hypertension 1.128 0.434-2.933 0.804

Smoking 1.812 0.714-4.599 0.211

Drinking 0.872 0.349-2.178 0.770

Aneurysm size 2.701 1.045-6.980 0.040
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miR-152-3p inhibited the proliferation 
and migration of HVSMCs

As described in previous studies [7], VSMCs trigger 
stress and injury changes in response to blood pres-
sure by accelerating cell migration and proliferation. 
Therefore, to investigate the effects of miR-152-3p on 
cell proliferation and migration, we transfected miR-
152-3p mimic and inhibitor in HVSMCs and RT-qPCR 
confirmed that it was typically up- or down-regulated 
(p < 0.05, Fig. 3A). CCK-8 and Transwell assays con-
firmed that elevated miR-152-3p remarkably inhibit-
ed the proliferation and migration of HVSMCs, while 
decreased miR-152-3p significantly promoted their 
characteristics (p < 0.05, Fig. 3B, C). The above results 
suggest that miR-152-3p may be involved in the 

pathological process of the intracranial aneurysm by 
regulating the proliferation and migration of HVSMCs.

miR-152-3p directly targets the PTEN 
gene in HVSMCs

Online database analysis of miR-152-3p could be 
combined with the 3’UTR of PTEN (Fig. 4A). Lucifer-
ase reporter assays assessed the target relationship 
between miR-152-3p and PTEN. The miR-152-3p 
mimic significantly decreased luciferase activity of 
WT-PTEN compared to the control, while miR-152-3p 
inhibitor typically increased the luciferase activity. 
However, there was no significant effect on MUT-
PTEN luciferase activity (p < 0.05, Fig. 4B). And miR-
152-3p elevation in HVSMCs remarkably inhibited 

Fig. 3. Effects of miR-152-3p on cell proliferation and migration after transfection with miR-152-3p mimic 
or inhibitor. A) The miR-152-3p mRNA level after transfection in HVSMCs was analysed by real time quan-
titative polymerase reaction (RT-qPCR). B) Cell Counting Kit-8 (CCK-8) has detected the proliferation of 
HVSMCs. C) Transwell assay detected the regulation of miR-152-3p level on cell migration. ***p < 0.05 vs. 
control.
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PTEN mRNA (p < 0.05, Fig. 4C). More importantly, 
PTEN was significantly elevated in CSF-derived exo-
somes from patients with intracranial aneurysm  
(p < 0.05, Fig. 4D), which negatively correlated 
with miR-152-3p in intracranial aneurysm patients  
(p < 0.05, Fig. 4E).

Discussion

In the current study, we found that the level of 
exosome miR-152-3p in RA patients was typically 
lower than that in hydrocephalus and UA patients. 
Moreover, exosome miR-152-3p can significantly 
predict the occurrence of SAH in intracranial aneu-
rysm patients. PTEN was the direct target gene of 
miR-152-3p, which was remarkably elevated in 
CSF-derived exosomes and negatively correlated 
with miR-152-3p levels. Afterwards, miR-152-3p 
was involved in the dysfunction of HVSMCs by reg-
ulation proliferation and migration, and this may be 
achieved through PTEN. 

miRNA is an important regulator of gene expres-
sion regulation, and changes in its levels will typical-
ly affect the progression of the disease. MiR-152-3p 
is located on human chromosome 17q21.32 and its 
regulation has been described in some diseases. For 
instance miR-152-3p is involved in the progression 
of rectal cancer cells by regulating their proliferation 
and migration [21]. Its regulation can protect neu-
rons from oxygen-glucose deprivation injury [27]. 
miR-152-3p is also associated with inflammatory 
response and apoptosis in acute kidney injury [11]. 
In addition, circulating miRNAs have been proved to 
be clinical biomarkers of diseases due to their high 
conservatism including diagnosis, prediction, and 
prognosis. miR-152-3p is a potential biomarker for 
predicting in-stent restenosis in coronary artery dis-
ease [12]. miR-152-3p was positively correlated with 
the degree of renal injury, suggesting that diabetic 
nephropathy was diagnosed with increased protein-
uria [5]. Because exosomes can carry proteins, miR-
NAs, and lipids and release them into the peripheral 
circulation system, exosomal miRNAs from patients 
are more suitable as disease biomarkers than tra-
ditional miRNAs [13]. Therefore, exosome miRNAs 
have recently attracted a  lot of attention. Such an 
exosome miR-146a is a biomarker for the diagnosis 
of acute coronary syndromes [8]. The low expres-
sion level of serum-derived exosome miR-152-3p 
in patients with acute ischemic stroke is associated 
with its progression [18]. Remarkably, studies have 

analysed the differentially expressed CSF-derived 
miRNAs in SAH and non-SAH patients, and the sig-
nature down-regulation of miR-152-3p among miR-
NAs has been identified [19]. miR-152-3p is enriched 
in CSF and can be used as a biological tool for the 
early diagnosis of Parkinson’s disease [4].

An intracranial aneurysm is an abnormal dilata-
tion of intracranial arteries, which is usually caused 
by damage to the internal elastic layer and destruc-
tion of the media, resulting in a decrease in the struc-
tural integrity of the local arterial wall [9]. However, 
RA is serious and fatal, and it is also the main cause 
of SAH [16]. Due to the asymptomatic nature of UA 
and the rapid occurrence of RA, timely screening and 
intervention are the major challenges in the current 
RA research. At present, the commonly used clinical 
screening methods are brain CT and DSA accidental-
ly discovering and identifying intracranial aneurysm 
and its progress and predicting the SAH [22]. There-
fore, it is necessary to find suitable biomarkers. 

In our study, we analysed the levels of CSF-de-
rived exosome miR-152-3p in hydrocephalus and 
intracranial aneurysm patients and confirmed that 
the levels in intracranial aneurysm patients were 
markedly reduced. More importantly, the CSF-de-
rived exosome miR-152-3p was lower in RA patients 
than in UA patients, suggesting that reduced miR-
152-3p may be involved in the progression of intra-
cranial aneurysm. Therefore, we further analysed 
its predictive value for SAH induced by RA. Exo-
some miR-152-3p could not only recognize UA from 
patients with hydrocephalus but also predict SAH in 
the intracranial aneurysm, showing high predictive 
value. What is more CSF-derived exosome miR-152-
3p and aneurysm size were independent predictors 
of progression from UA to intracranial aneurysm. 

After confirming the clinical predictive value 
of miR-152-3p in the intracranial aneurysm, we 
attempted to explore the potential mechanism of 
miR-152-3p affecting vascular rupture in an intra-
cranial aneurysm in vitro. As most intracranial aneu-
rysm occurs mostly in the arterial ring between the 
lower part of the brain and the base of the skull [23]. 
And the vascular VSMCs are the main cells in the 
arteries to maintain vascular plasticity in response to 
vascular injury, hypertension, and other physiolog-
ical and pathological diseases [1]. CCK-8 and Tran-
swell assay confirmed that increased miR-152-3p 
remarkably inhibited the proliferation and migration 
of HVSMCs, while decreased miR-152-3p significant-
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ly promoted their characteristics. Previous studies 
have confirmed that the occurrence of intracranial 
aneurysms promotes the excessive proliferation and 
migration of HVSMCs, which is consistent with the 
results that our clinical underexpression prompts 
miR-152-3p. Our results suggest that miR-152-3p 
may be involved in the progression of the intra-
cranial aneurysm by affecting the proliferation and 
migration of HVSMCs.

MiR-152-3p targeting PTEN is involved in cell 
apoptosis and inflammatory damage in Alzheimer’s 
disease [26]. miR-152-3p targeting PTEN modu-
lates the progression of non-small cell lung cancer 
[28]. miR-152-3p induced downregulation of PTEN 
delayed wound healing in diabetic foot ulcers [24]. 
Our study confirmed that PTEN was the target gene 
of miR-152-3p in the intracranial aneurysm, and the 
significant increase in CSF-derived exosome, and 
negatively correlated with the level of miR-152-3p. 
Moreover, miR-152-3p negatively regulated the 
mRNA level of PTEN in HVSMCs.

It is undeniable that the levels of several miR-
NAs may be altered when a vascular aneurysm rup-
tures. However, given the importance of miR-152-3p 
in cerebrovascular disease, we only targeted and 
examined the expression of miR-152-3p and its clin-
ical role, and the failure to comprehensively focus on 
other miRNAs is a potential limitation of the present 
study, which will be addressed in our subsequent 
studies. 

In conclusion, our study confirmed that the exo-
some miR-152-3p derived from CSF is a good predic-
tor of SAH and its level is involved in the dysfunction 
of HVSMCs. 

Acknowledgments

This work was supported by “115 talents of 
Quzhou, 2019”.

Disclosure

The authors report no conflict of interest.

References

1.	 Angbohang A, Huang L, Li Y, Zhao Y, Gong Y, Fu Y, Mao C, Mora-
les J, Luo P, Ehteramyan M, Gao Y, Margariti A, Gu W, Zhang M, 
Smith A, Shah AM, Li T, Kong W, Zeng L. X-box binding pro-
tein 1-mediated COL4A1s secretion regulates communication 
between vascular smooth muscle and stem/progenitor cells.  
J Biol Chem 2021; 296: 100541.

2.	Chen X, Jiang M, Li H, Wang Y, Shen H, Li X, Zhang Y, Wu J, Yu Z, 
Chen G. CX3CL1/CX3CR1 axis attenuates early brain injury via 
promoting the delivery of exosomal microRNA-124 from neu-
ron to microglia after subarachnoid hemorrhage. J Neuroin-
flammation 2020; 17: 209.

3.	 Derkow K, Rossling R, Schipke C, Kruger C, Bauer J, Fahling M, 
Stroux A, Schott E, Ruprecht K, Peters O, Lehnardt S. Distinct 
expression of the neurotoxic microRNA family let-7 in the cere-
brospinal fluid of patients with Alzheimer’s disease. PLoS One 
2018; 13: e0200602.

4.	Dos Santos MCT, Barreto-Sanz MA, Correia BRS, Bell R, Widnall C,  
Perez LT, Berteau C, Schulte C, Scheller D, Berg D, Maetzler W, 
Galante PAF, Nogueira da Costa A. miRNA-based signatures in 
cerebrospinal fluid as potential diagnostic tools for early stage 
Parkinson’s disease. Oncotarget 2018; 9: 17455-17465.

5.	 Duan A, Liu L, Lou Y, Zhang D, Li H, Chen Y, Cui W, Miao L. 
Diagnostic value of urinary miR-152-5p in patients with IgA 
nephropathy with elevated proteinuria levels. Clin Lab 2019; 65.

6.	Lai N, Wu D, Liang T, Pan P, Yuan G, Li X, Li H, Shen H, Wang Z, 
Chen G. Systemic exosomal miR-193b-3p delivery attenuates 
neuroinflammation in early brain injury after subarachnoid 
hemorrhage in mice. J Neuroinflammation 2020; 17: 74.

7.	 Li L, Ren S, Hao X, Zhen Z, Ji L, Ji H. MicroRNA-29b inhibits 
human vascular smooth muscle cell proliferation via targeting 
the TGF-beta/Smad3 signaling pathway. Exp Ther Med 2021; 
21: 492.

8.	Li LJ, Gu YJ, Wang LQ, Wan W, Wang HW, Yang XN, Ma LL, Yang LH,  
Meng ZH. Serum exosomal microRNA-146a as a novel diagnos-
tic biomarker for acute coronary syndrome. J Thorac Dis 2021; 
13: 3105-3114.

9.	Liao B, Zhou MX, Zhou FK, Luo XM, Zhong SX, Zhou YF, Qin YS, Li PP,  
Qin C. Exosome-derived MiRNAs as biomarkers of the develop-
ment and progression of intracranial aneurysms. J Atheroscler 
Thromb 2020; 27: 545-610.

10.	 Liu J, Han Y, Hu S, Cai Y, Yang J, Ren S, Zhao Y, Lu T, Zhou X, Wang X.  
Circulating exosomal MiR-107 restrains tumorigenesis in dif-
fuse large B-cell lymphoma by targeting 14-3-3eta. Front Cell 
Dev Biol 2021; 9: 667800.

11.	 Ma P, Zhang C, Huo P, Li Y, Yang H. A novel role of the miR-
152-3p/ERRFI1/STAT3 pathway modulates the apoptosis and 
inflammatory response after acute kidney injury. J Biochem 
Mol Toxicol 2020: e22540.

12.	 Maheronnaghsh M, Niktab I, Enayati S, Amoli MM, Hosseini SK, 
Tavakkoly-Bazzaz J. Differentially expressed miR-152, a poten-
tial biomarker for in-stent restenosis (ISR) in peripheral blood 
mononuclear cells (PBMCs) of coronary artery disease (CAD) 
patients. Nutr Metab Cardiovasc Dis 2021; 31: 1137-1147.

13.	 Manna I, De Benedittis S, Quattrone A, Maisano D, Iaccino E, 
Quattrone A. Exosomal miRNAs as potential diagnostic bio-
markers in Alzheimer’s disease. Pharmaceuticals (Basel) 2020; 
13: 243.

14.	 Molyneux AJ, Birks J, Clarke A, Sneade M, Kerr RS. The durability 
of endovascular coiling versus neurosurgical clipping of rup-
tured cerebral aneurysms: 18 year follow-up of the UK cohort of 
the International Subarachnoid Aneurysm Trial (ISAT). Lancet 
2015; 385: 691-697.



194 Folia Neuropathologica 2022; 60/2

Yunping Li, An Wu, Weimin Dai, Rongcai Liu, Bingjie Jiang, Richeng Zhou

15.	 Nan K, Zhang Y, Zhang X, Li D, Zhao Y, Jing Z, Liu K, Shang D, Geng Z,  
Fan L. Exosomes from miRNA-378-modified adipose-derived 
stem cells prevent glucocorticoid-induced osteonecrosis of the 
femoral head by enhancing angiogenesis and osteogenesis via 
targeting miR-378 negatively regulated suppressor of fused 
(Sufu). Stem Cell Res Ther 2021; 12: 331.

16.	 Peng Y, Zhuang J, Ying G, Zeng H, Zhou H, Cao Y, Chen H, Xu C, 
Fu X, Xu H, Li J, Cao S, Chen J, Gu C, Yan F, Chen G. Stimulator of 
IFN genes mediates neuroinflammatory injury by suppressing 
AMPK signal in experimental subarachnoid hemorrhage. J Neu-
roinflammation 2020; 17: 165.

17.	 Sheng B, Lai NS, Yao Y, Dong J, Li ZB, Zhao XT, Liu JQ, Li XQ, 
Fang XG. Early serum miR-1297 is an indicator of poor neuro-
logical outcome in patients with aSAH. Biosci Rep 2018; 38: 
BSR20180646.

18.	 Song P, Sun H, Chen H, Wang Y, Zhang Q. Decreased serum exo-
somal miR-152-3p contributes to the progression of acute isch-
emic stroke. Clin Lab 2020; 66.

19.	 Stylli SS, Adamides AA, Koldej RM, Luwor RB, Ritchie DS, Ziogas J,  
Kaye AH. miRNA expression profiling of cerebrospinal fluid in 
patients with aneurysmal subarachnoid hemorrhage. J Neuro-
surg 2017; 126: 1131-1139.

20.	Sun L, Zhang W, Li Z, Li M, Guo J, Wang H, Wang X. The expres-
sion of cerebrospinal fluid exosomal miR-630 plays an import-
ant role in the dysfunction of endothelial cells after subarach-
noid hemorrhage. Sci Rep 2019; 9: 11510.

21.	 Sun LB, Zhao SF, Zhu JJ, Han Y, Shan TD. Long noncoding RNA 
UCID sponges miR1523p to promote colorectal cancer cell 
migration and invasion via the Wnt/betacatenin signaling 
pathway. Oncol Rep 2020; 44: 1194-1205.

22.	 Tang QF, Lu SQ, Zhao YM, Qian JX. The changes of von wille-
brand factor/a disintegrin-like and metalloprotease with 
thrombospondin type I repeats-13 balance in aneurysmal sub-
arachnoid hemorrhage. Int J Clin Exp Med 2015; 8: 1342-1348.

23.	 Wang Y, Wang Y, Li Y, Wang B, Miao Z, Liu X, Ma Y. Decreased 
expression of circ_0020397 in intracranial aneurysms may be 
contributing to decreased vascular smooth muscle cell prolif-
eration via increased expression of miR-138 and subsequent 
decreased KDR expression. Cell Adh Migr 2019; 13: 220-228.

24.	 Xu Y, Yu T, He L, Ouyang L, Qu Y, Zhou J, Han Y, Duan D. Inhibition 
of miRNA-152-3p enhances diabetic wound repair via upregula-
tion of PTEN. Aging (Albany NY) 2020; 12: 14978-14989.

25.	 Yu F, Liang M, Huang Y, Wu W, Zheng B, Chen C. Hypoxic 
tumor-derived exosomal miR-31-5p promotes lung adenocarci-
noma metastasis by negatively regulating SATB2-reversed EMT 
and activating MEK/ERK signaling. J Exp Clin Cancer Res 2021; 
40: 179.

26.	26.	 Zhai K, Liu B, Gao L. Long-noncoding RNA TUG1 pro-
motes Parkinson’s disease via modulating MiR-152-3p/PTEN 
pathway. Hum Gene Ther 2020; 31: 1274-1287.

27.	 Zhang A, Qian Y, Qian J. MicroRNA-152-3p protects neurons 
from oxygen-glucose-deprivation/reoxygenation-induced inju-
ry through upregulation of Nrf2/ARE antioxidant signaling by 
targeting PSD-93. Biochem Biophys Res Commun 2019; 517: 
69-76.

28.	 Zhang H, Zhang H, Li X, Huang S, Guo Q, Geng D. LINC01089 
functions as a ceRNA for miR-152-3p to inhibit non-small lung 

cancer progression through regulating PTEN. Cancer Cell Int 
2021; 21: 143.

29.	Zhao M, Xu L, Qian H. Bioinformatics analysis of microRNA pro-
files and identification of microRNA-mRNA network and bio-
logical markers in intracranial aneurysm. Medicine (Baltimore) 
2020; 99: e21186.


