MOLECULAR MEDICINE REPORTS 18: 1181-1187, 2018

Upregulation of microRNA-24 causes vasospasm
following subarachnoid hemorrhage by suppressing
the expression of endothelial nitric oxide synthase
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Abstract. MicroRNA (miR)-24 has been reported to asso-
ciate with various diseases by acting on different signaling
pathways. The present study aimed to elucidate the asso-
ciation between miR-24 expression levels and vasospasm
following subarachnoid hemorrhage (SAH), and its under-
lying mechanism. An miR online database was searched,
identifying endothelial nitric oxide synthase (NOS3) as a
potential target gene of miR-24. A luciferase reporter assay
performed to investigate the regulatory association between
miR-24 and NOS3 revealed that miR-24 bound to the NOS3
3" untranslated region and inhibited NOS3 expression.
Reverse transcription-quantitative polymerase chain reac-
tion and western blot analysis were performed to investigate
the miR-24 and NOS3 expression levels in samples from
patients with SAH, and demonstrated a negative correlation
between the two. In addition, miR-24 expression levels were
increased in SAH patients with vasospasm compared with
those without, whereas the opposite results were observed for
NOS3. Vascular smooth muscle cells (VSMCs) transfected
with an miR-24 inhibitor exhibited increased expression
levels of NOS3, whereas those transfected with an miR-24
mimic or NOS3 small interfering RNA exhibited reduced
expression levels of NOS3, compared with the control.
These results indicated a negative regulatory association
between miR-24 and NOS3. Downregulation of NOS3 may
induce vasospasm following SAH, which may be due to the
upregualtion of miR-24 in VSMCs.
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Introduction

Aneurysmal subarachnoid hemorrhage (SAH) is a severe and
life-threatening disease, which results in fatality in 27-44%
of patients; 46% of survivors live with severe functional and
cognitive impairment (1,2). The response to SAH involves
securing the cerebral aneurysms and treating the cerebral
vasospasm, which occurs in 70% of SAH patients between
3 and 14 days following SAH (3). Cerebral vasospasm results
in delayed cerebral ischemia and is primarily responsible for
unfavorable results and even mortality in SAH patients (1).
However, currently no definitive therapy is available to address
this complication.

The endothelial nitric oxide synthase (NOS3) gene in vessel
endothelium continuously produces nitric oxide (NO) to main-
tain basal vascular tone (4). As a result of aneurysmal SAH, the
expression of the NOS3 gene is altered and the balanced modu-
lation of cerebral vascular tone is interrupted (5,6). Previous
studies have reported aberrant cerebrospinal fluid NO levels
in humans following SAH (7.8). In addition, adenovirus gene
transfer of NOS3 in dogs and in ex vivo human arteries has
demonstrated protective effects in SAH (6,9). NO serves a role
in the inhibition of inflammation and proliferation of smooth
muscle, pathological alterations which are observed in cerebral
vasospasm (10,11). Previous studies have suggested a correla-
tion between NOS3 polymorphisms and the development of
intracranial aneurysms as well as coronary spasm, which has
physiological similarity to cerebral vasospasm (12,13).

MicroRNAs (miRNAs) are non-coding RNAs consisting
of ~22 nucleotides. They act as meta-regulators of gene
expression and are pivotal for cellular alterations that are
required for the process of development. miRNAs in the brain
serve important roles in the formation and function of the
dendritic spine, and in the synaptic plasticity that is necessary
for normal cognitive function. A thorough understanding of
the mechanisms underlying the regulation of miRNA expres-
sion is important, as abnormal regulation of miRNAs has been
associated with an array of neurological disorders (14).

miRNAs additionally serve as regulators of vascular
phenotype via suppression or maintenance of differen-
tiation (15). In SAH, the identification of blood borne
biomarkers is required to estimate the risk of late cerebral
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ischemia (LCI) and cerebral vasospasm. Previous studies
have demonstrated numerous alterations in gene expression
in cerebral arteries in response to various types of strokes
including focal cerebral ischemia and SAH, and following
cardiac arrest (16-18). It has been demonstrated that stimula-
tion of certain signal transduction pathways in the cerebral
vasculature following stroke results in transcriptional regula-
tion of proteins, inflammatory mediators and vasoconstrictor
receptors engaged in the maintenance of the integrity of the
blood-brain barrier (19). However, regulation may occur
at other levels, and SAH may cause alterations in miRNA
expression in cerebral arteries, which following release into
serum may as act as biomarkers to estimate the risk of LCI
and cerebral vasospasm.

Differential expression of miRNA (miR)-24 has been
identified in vascular tissue from SAH patients with vaso-
spasm (20), and dysregulation of NOS3 has been revealed
to be involved in the underlying molecular mechanism of
vasospasm following SAH (21,22). Using an online miRNA
database, NOS3 was identified as a potential target of miR-24.
The present study validated NOS3 as a target gene of miR-24
and investigated the involvement of miR-24 and NOS3 in the
development of vasospasm following SAH.

Materials and methods

Sample collection. The present study was approved by the
Human Ethics Committee of Qingdao University (Qingdao,
China). A total of 29 SAH patients with (n=13) or without (n=16)
vasospasm (age, 21-75) were recruited from the Department of
Neurosurgery, The Affiliated Hospital of Qingdao University
(Qingdao, China) between December 2013 and December 2014.
Diagnosis was performed by cerebral angiogram, computed
tomography scan (Fisher grade >=2) and computed tomographic
angiogram. Participants or their first-degree relatives signed
informed consent forms prior to samples being obtained.
Patients underwent surgical clipping, endovascular coiling or
a combination of the two. The blood samples were obtained on
day 7 after the onset of SAH. Leukocytes were isolated from
the blood using Human Peripheral Blood Leukocytes Isolation
kit (Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China) followed by centrifugation for 1 h at 700 x g and 37°C.
The isolated leukocytes were subsequently used for RNA
extraction and functional experiments.

Cell culture and transfection. Vascular smooth muscle cells
(VSMCs; American Type Culture Collection, Manassas, VA,
USA) were cultured in Dulbecco's modified Eagle's medium
(DMEM; Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), supplemented with 1% penicillin/streptomycin,
2 mM glutamine and 10% fetal bovine serum (FBS; Invitrogen;
Thermo Fisher Scientific, Inc.),at 37°C in 5% CO,. A total of 12h
later, VSMCs in DMEM (Invitrogen; Thermo Fisher Scientific,
Inc.) without antibiotics were seeded into 6-well plates at a
density of 3-6x10° cells/well. A total of 24 h following this, at a
confluence of 80%, Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) was used to transfect: i) miR-24 mimic
(UGGCUCAGUUCAGCAGGAACAG:; cat. no. AM17100;
Ambion; Thermo Fisher Scientific, Inc.); ii) miR-24 inhibitor
oligonucleotide (GAGCUUCCAGGUAGCAGGUAGCAG
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GGCUGCUGUUCUGAGCUGUGGAUUGGACCCGCCCU
CCGGUGCCUACUGAGCUGAUAACAGUUCUGAUUUUA
CACACUGGCUCAGUUCAGCAGGAACAGGAGUCGAGC
CCGAGAGCAAAAAAGACUA; cat. no. AM17000; Ambion,
Thermo Fisher Scientific, Inc.); iii) scrambled oligonucleotide
(ACUGUUCUGAUUUUACACACUGGCUC; Cy3 dye-labeled
anti-miR negative control; cat. no. AM17011; Ambion; Thermo
Fisher Scientific, Inc.); and iv) NOS3 siRNA (forward, 5'-GAA
GAGGAAGGAGUCCAGUAACACA-3" and reverse, 5'-UGU
GUUACUGGACUCCUUCCUCUUC-3'; cat. no. AM17000;
Ambion; Thermo Fisher Scientific, Inc.) into VSMCs according
to the manufacturer's protocol. In brief, cells at ~50% conflu-
ence on an 100-mm culture dish were treated with a mixture
of 30 nM siRNA and 1.25 pl/ml Lipofectamine™ RNAIMAX
(Thermo Fisher Scientific, Inc.) in 5 ml of Opti-MEM (Gibco;
Thermo Fisher Scientific, Inc.) for 3 h at 37°C.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). To analyze the expression
levels of NOS3 mRNA and miR-24, a NucleoSpin miRNA
kit (Machery-Nagel GmbH, Diiren, Germany) was used to
isolate total RNA from VSMCs or patient samples according
to the manufacturer's protocol. The Agilent RNA 6000 Nano
kit and a 2100 Bioanalyzer (Agilent Technologies, Inc., Santa
Clara, CA, USA) were used to determine the integrity of the
total RNA and a NanoDrop 2000c¢ (Thermo Fisher Scientific,
Inc.) was used to measure RNA concentration. A Universal
cDNA Synthesis kit (Machery-Nagel GmbH) was used to
reverse-transcribe RNA to cDNA according to the manufac-
turer's protocol. A SYBR® Green Master mix (Thermo Fisher
Scientific, Inc.) was used to perform qPCR analysis of NOS3
mRNA expression, using 4 ul diluted cDNA in a final reac-
tion volume of 10 ul. The thermocycling conditions were as
follows: 20 sec at 95°C, 3 sec at 95°C, followed by 40 cycles
of 3 sec at 95°C and 30 sec at 60°C. A TagMan® miRNA
assay (Applied Biosystems; Thermo Fisher Scientific, Inc.)
was used to detect the expression of miR-24. The following
thermocycling conditions were used: 5 min at 95°C; followed
by 45 cycles of 5 sec at 95°C, 5 sec at 60°C and 10 sec at 72°C.
The 2244 method was used to normalize the data (23). U6 was
used for normalization of expression of miR-24 and GAPDH
for NOS3. Each experiment was performed in triplicate. The
sequences of PCR primers were: NOS3 (forward: 5'-TGC
TGGCATACAGGACTCAG-3'; reverse: 5"TAGGTCTTGGG
GTTGTCAGG-3"); miR-24 (forward: 5-ACACTCCAGCTG
GGTGGCTCAGTTCAGCAG-3'; reverse: 5'-CTCAACTGG
TGTCGTGGAGTCGGCAATTCAG-3"); GAPDH (forward:
5-GCCAAAAGGGTCATC ATCTC-3"; reverse: 5'-GTAGAG
GCAGGGATGATGTTC-3"; U6 (forward: 5'-CTCGCTTCG
GCAGCACA-3', reverse: 5" AACGCTTCACGAATTTGC
GT-3)).

Luciferase assay. To confirm whether NOS3 expression was
directly regulated by miR-24, the 3' untranslated region (UTR)
of NOS3 was amplified by PCR, and the PCR product was
inserted into a pLUC reporter vector (Promega Corporation,
Madison, WI, USA). As a control, a mutant 3'UTR was
inserted. The sequences of the wild-type and mutant NOS3
3'UTRs are presented in Fig. 1. Lipofectamine 2000 was used
to co-transfect the VSMCs with miR-24 at a final concentration
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of 100 nM/well, using 0.4 mg firefly luciferase reporter
vector containing the 3'UTR sequences and 0.02 mg control
pRL-CMYV plasmid containing Renilla luciferase (Promega
Corporation). Cells were cultured for 48 h, following which the
Dual-Luciferase Reporter assay system (Promega Corporation)
was used to assess the luciferase activity according to the
manufacturer's protocol. Renilla luciferase activity was used
to normalize the values. Each experiment was performed at
least 3 times.

Western blot analysis. VSMCs or patient samples were lysed
with radioimmunoprecipitation assay buffer (Sigma-Aldrich;
Merck Millipore, Darmstadt, Germany) containing
protease inhibitors (Roche Applied Science, Madison, WI,
USA). Lysates were obtained by centrifugation for 15 min
12,000 x g at 4°C. A Bio-Rad Protein microassay (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) was performed to esti-
mate the protein concentration, and boiling water was used
to heat the samples. A 12% SDS-PAGE was used to separate
the target protein (35 pg/lane) according to manufacturer's
protocol. The proteins were transferred from the gel to a
polyvinylidene difluoride (PVDF) membrane (PerkinElmer,
Inc., Waltham, MA, USA) by electroblotting for 2 h at 90 V.
The membrane was incubated with 5% non-fat milk powder
in TBS containing 0.1% Tween 20 in the dark at 4°C for
2 h to prevent nonspecific binding. Membranes were subse-
quently incubated with a mouse anti-human NOS3 antibody
(1:1,000; cat. no. sc-376751; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) or a mouse anti-human f3-actin antibody
(1:1,000; cat. no. sc-418965; Santa Cruz Biotechnology,
Inc.) in 5% non-fat milk for 16 h at 4°C, following which
membranes were washed twice with PBS. PVDF membranes
were incubated with a rabbit anti-mouse horseradish peroxi-
dase-conjugated secondary antibody (1:3,000; sc-2364, Cell
Signaling Technology, Inc., Danvers, MA, USA) for 2 h at
room temperature. Visualization of the protein bands was
performed by incubating the membranes with an Enhanced
Chemiluminescence reagent (Thermo Fisher Scientific, Inc.)
for 2 min. Analysis Software (VisionWorks® LS, 97-0186-02
Single; UVP, LLC, Phoenix, AZ, USA) was used to analyze
the intensity of the protein bands, and Imagel] software
(National Institutes of Health, Bethesda, MD, USA) was used
to determine the optical density. Three independent experi-
ments were performed.

Statistical analysis. SPSS software version 10.0 (SPSS, Inc.,
Chicago, IL, USA) was used to perform statistical analyses.
One-way analysis of variance was used to compare multiple
groups. Data are presented as the mean + standard deviation of
at least three independent experiments. P<0.05 was considered
to indicate a statistically significant difference.

Results

NOS3 is a predicted target gene of miR-24. miR-24 has been
reported to be associated with a variety of diseases by acting
on different signaling pathways (24). The present study aimed
to determine the association between miR-24 expression levels
in vasospasm following SAH and its underlying mechanism.
It has previously been reported that miR-24 is downregulated
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hsa-miR-24 5-CUGCGAUUAUAGACGUGAGCCAC-3'

Wild-type NOS3 3-GACAAGGACGACUUGACUCGGU-5

hsa-miR-24 5-CUGCGAUUAUAGACGUGAGCCAC-3'

Mutant NOS3 3-GACAAGGACGACUUGGUGAUAG-5
Figure 1. NOS3 is a predicted target gene of miR-24. The sequences of
miR-24 and the NOS3 3'UTR are presented, revealing the ‘seed sequence’.
The potential binding site was mutated using site-directed mutagenesis to
create the mutant NOS3 3'UTR sequence. miR, microRNA; NOS3, endothe-
lial nitric oxide synthase; UTR, untranslated region.
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Figure 2. NOS3 is a direct target of miR-24 in VSMCs. A luciferase assay was
performed in which wild-type or mutant NOS3 3'UTR were co-transfected
with an miR-24 mimic or scramble control. Luciferase activity was measured,
and this activity was reduced in VSMCs co-transfected with wild-type NOS3
3'UTR and miR-24, verifying NOS3 as a direct target gene of miR-24.
Data are expressed as the mean + standard deviation. “P<0.01 vs. scramble
control. miR, microRNA; NOS3, endothelial nitric oxide synthase; VSMCs,
vascular smooth muscle cells; UTR, untranslated region.

in the vasculature of SAH patients with vasospasm (20).
Computational analysis was performed using an online
miRNA database (www.mirdb.org) to identify the possible
target gene of miR-24, and NOS3 was predicted as a target of
miR-24, with a potential binding site in the 3'UTR of NOS3
and was selected for further analysis based on its-physiological
and pathological functions (Fig. 1).

NOS3 is a direct target of miR-24 in VSMCs. To confirm
whether miR-24 and NOS3 interact, a vector containing
the 3'UTR of NOS3 was constructed and a luciferase assay
was performed. Only the luciferase activity from the cells
co-transfected with miR-24 and wild-type NOS3 3'UTR was
significantly reduced compared with the scramble control
(P<0.01; Fig. 2). The observation that mutations in the
predicted binding site abolished the inhibitory effect of miR-24
on luciferase activity indicated that the predicted binding site
is the real ‘seed sequence’ in the 3'UTR of NOS3. Therefore,
the luciferase assay suggested that miR-24 binds to the NOS3
3'UTR, resulting in a significant decrease in luciferase activity
compared with the scramble control.
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Figure 3. Negative regulatory association between miR-24 and NOS3.
miR-24 and NOS3 expression levels were analyzed by reverse transcrip-
tion-quantitative polymerase chain reaction in vascular tissues from 29
subarachnoid hemorrhage patients. There was a negative correlation between
miR-24 and NOS3 expression levels. P<0.05. miR, microRNA; NOS3, endo-
thelial nitric oxide synthase.

Negative regulatory association between miR-24 and NOS3.
Vascular tissues were collected from SAH patients with
(n=13) or without (n-16) vasospasm and used used to inves-
tigate the interaction between miR-24 and NOS3. Analysis
of the expression levels of miR-24 and NOS3 mRNA in the
29 tissues demonstrated that the two were negatively corre-
lated (Fig. 3), confirming the negative regulatory association
between miR-24 and NOS3.

Comparison of expression levels of miR-24 and NOS3 in SAH
patients with or without vasospasm. RT-qPCR and western
blot analysis were performed to detect and compare the expres-
sion levels of miR-24 and the mRNA and protein expression
levels of NOS3 between vascular tissues from SAH patients
with or without vasospasm. miR-24 expression levels were
increased in SAH patients with vasospasm (Fig. 4A) compared
with those without vasospasm (P<0.01), whereas the mRNA
(Fig. 4B) and protein (Fig. 4C) expression levels of NOS3 were
decreased in SAH patients with vasospasm compared with
those without vasospasm (P<0.01). These findings indicated
that downregualtion of NOS3 caused by the upregulation of
miR-24 may be responsible for the occurrence of vasospasm
in patients with SAH.

Effect of miR-24 on the expression of NOS3. To further
confirm whether NOS3 was negatively correlated with
miR-24, the mRNA and protein expression levels of NOS3
were analyzed in VSMCs transfected with scramble control,
an miR-24 mimic, NOS3 siRNA or an miR-24 inhibitor.
As presented in Fig. 5, compared with scramble control,
cells transfected with an miR-24 inhibitor exhibited greater
expression levels of NOS3 mRNA and protein (P<0.05).
VSMCs transfected with a miR-24 mimic or NOS3
siRNA had reduced expression levels of NOS3 compared
with the scramble control (P<0.01). These observations
indicated a negative regulatory association between miR-24
and NOS3.
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Figure 4. Expression levels of miR-24 and NOS3 in SAH patients with or
without vasospasm. (A) Expression levels of miR-24 and (B) mRNA and
(C) protein expression levels of NOS3 were analyzed in SAH patients with or
without vasospasm. miR-24 expression levels were increased in SAH patients
with vasospasm compared with those without, whereas NOS3 expression
levels were decreased in SAH patients with vasospasm compared with those
without. "P<0.05 vs. SAH with vasospasm. miR, microRNA; NOS3, endothe-
lial nitric oxide synthase; SAH, subarachnoid hemorrhage.
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Figure 5. Effect of miR-24 on the expression of NOS3. VSMCs were transfected
with an miR-24 mimic, NOS3 siRNA, an miR-24 inhibitor or scramble control,
and the NOS3 (A) protein and (B) mRNA expression levels were subsequently
assessed by western blotting and reverse transcription-quantitative polymerase
chain reaction, respectively. VSMCs transfected with an miR-24 mimic or
NOS3 siRNA exhibited decreased expression levels of NOS3 compared with
the scramble control, whereas transfection with an miR-24 inhibitor increased
NOS3 expression levels. Data are expressed as the mean + standard deviation.
“P<0.05 vs. scramble control. miR, microRNA; NOS3, endothelial nitric oxide
synthase; VSMCs, vascular smooth muscle cells; sSiRNA, small interfering RNA.
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Discussion

Previous studies have suggested prominent roles for miRNAs
in a variety of diseases, including cancer and cardiovascular
disease. A growing list of miRNAs, known as ‘angiomiR’, has
been demonstrated to serve cell-independent and cell-dependent
regulatory roles in angiogenesis (25,26). The two clusters of
miR-23~27~24 include an intergenic miR-23a~27a~24-2 cluster
and an intronic miR-23b~27b~24-1 cluster present in the genome
of vertebrates (27). Previous studies have demonstrated that
in vitro and in vivo angiogenesis via Sprouty2 and Semaphorin
6A requires miR-23 and miR-27; miR-24 inhibited angiogen-
esis through simultaneous regulation of multiple components
of the actin cytoskeleton pathways (28,29). A variety of genes
downstream of Rho signaling, including LIM domain kinase
2 (Limk?2), p21-activating kinase 4 (Pak4) and diaphanous
homolog 1 are direct targets of miR-24. Angiogenesis is inhib-
ited by silencing of PAK4 or LIMK?2, simulating the phenotype
of in vitro miR-24 overexpression, whereas the tube formation
defects in miR-24 overexpressing ECs may be partially rescued
by overexpression of PAK4 and LIMK?2 by adenoviruses (30).
Furthermore, subretinal administration of miR-24 inhibits
laser-mediated choroidal neovascularization in vivo (30). These
results indicated a novel underlying mechanism via which
miR-24 regulates angiogenesis and actin cytoskeleton dynamics,
and suggested miR-24 may be a potential novel therapeutic
agent for the treatment of aberrant angiogenesis via regulation
of actin cytoskeleton pathways. The present study performed
computational analysis to search for the possible target gene
of miR-24, and predicted NOS3 as a target of miR-24 with a
potential binding site in the 3'UTR of NOS3. A luciferase assay
revealed that miR-24 binds to the NOS3 3'UTR, resulting in a
significant decrease in luciferase activity compared with the
scramble control. Analysis of tissue samples from SAH patients
revealed a negative correlation between expression levels of
miR-24 and NOS3 mRNA, confirming the negative regulatory
association between miR-24 and NOS3.

A recent study has suggested that NO acts as an activator
of vasomotor tone that may affect development of cerebral
vasospasm following SAH (31). NO, as an endogenous
vasodilator, is generated by its cleavage from L-arginine
by NOS. The generation of NOS, and subsequent NO, is
stimulated by gene transcription mediated by numerous
intra- and extracellular stimuli. The NO level is reduced
following SAH (32). The production of NOS is performed
by endothelial cells, neurons and other cells. The reduced
level of NO following SAH may be associated with reduc-
tions in NO via disruption or scavenging, and/or NOS
generation and/or activity (33). Following SAH, the function
of NOS3 is damaged in cerebral vessels, which limits vessel
relaxation caused by the NOS3-associated elevation in NO
generation. Delivery of NOS metabolites and NO donors
have demonstrated effectiveness in reducing angiographic
cerebral vasospasm (34,35). However, the short half-life of
NO, potential toxicity and side effects limit the application of
these studies to the clinic (34,35). The present study revealed
that miR-24 expression levels increased in SAH patients with
vasospasm compared with those without vasospasm, whereas
the expression levels of NOS3 decreased in SAH patients
with vasospasm compared with those without vasospasm.
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The findings indicated that downregualtion of NOS3 caused
by upregulation of miR-24 may be responsible for the occur-
rence of vasospasm in patients with SAH.

The excessive production of or depletion of the effective
vasodilator NO has been investigated with regard to the
involvement of secondary complications in the induction of
cerebral infarction and ischemia. NO is synthesized non-enzy-
matically via a range of nitrate-nitrite reduction-oxidation
reactions or enzymatically by 3 principal isoforms of NOS
including inducible, endothelial and neuronal NOS (35).
Physiological levels of NO generation provide a variety of
benefits, including preservation of normal vascular tone and
vasodilation of the microcirculation, prevention of excessive
platelet aggregation and adhesion, antithrombotic effects,
VSMC hyperplasia, and suppression of endothelial apop-
tosis (36). Previous study revealed an association between
SAH in mice and oxidative stress in the brain parenchyma,
and with NOS3 dysfunction (homodimeric uncoupling) (37).
NOS3 uncoupling promoted NO depletion and increased
oxidative stress, and was associated with a range of
secondary complications including reactive oxygen species
release, neuronal apoptosis and microthrombosis (38). The
present study investigated the mRNA and protein expression
levels of NOS3 in VSMCs transfected with scramble control,
an miR-24 mimic, NOS3 siRNA or an miR-24 inhibitor.
Transfection with an miR-24 inhibitor increased the expres-
sion levels of NOS3, whereas transfection with an miR-24
mimic or NOS3 siRNA decreased NOS3 expression levels.
These observations indicated that there was a negative regu-
latory association between miR-24 and NOS3.

In conclusion, the results of the present study demonstrated
that miR-24 directly targets NOS3, and downregulation of
NOS3 may induce vasospasm following SAH. This may be
caused by the upregualtion of miR-24 in VSMCs. The present
study indicated that miR-24 is a potential therapeutic target for
the treatment of SAH/vasospasm.
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