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Abstract: Background: Blood-brain barrier (BBB) permeability has essential roles in brain injury upon cerebral isch-
emia. MicroRNAs (miRNAs) are used as potential therapeutics involved for multiple types of brain damage. A broad-
er view of which miR-466c interacts with BBB permeability upon cerebral ischemia is required. Methods: Middle 
cerebral artery occlusion (MCAO) surgery in Sprague Dawley rats and oxygen-glucose deprivation (OGD) in Sprague 
Dawley rat primary brain microvascular endothelial cells (BMECs) were subjected to cerebral ischemia model es-
tablishment. Quantitative reverse transcription PCR (qRT-PCR) assays were used to examine the abundance of 
miR-466c and insulin-like growth factor-1 (IGF-1) either in Sprague Dawley rats or BMECs. Luciferase assay was 
performed to probe the interactions between miR-466c and IGF-1. Cresyl violet stain, Evans blue and FITC-dextran 
leakage assay were conducted to investigate the effect of miR-466c and IGF-1 on BBB permeability induced by ce-
rebral ischemia. Results: Cerebral ischemia induced a strong reduction of miR-466c and a great increase of IGF-1 
abundance. Accumulation of miR-466c increased neurological score, brain water content, infarct volume, and BBB 
permeability. Concordantly, IGF-1, as a direct target, was limited by miR-466c in BMECs. In addition, IGF-1 protected 
BBB permeability in the presence of abundant miR-466c upon cerebral ischemia. Conclusions: miR-466c has a 
vital role in BBB permeability via targeting IGF-1 in vivo and in vitro, providing a promising therapeutic for cerebral 
ischemia.
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Introduction

Cerebral ischemia is a key driver of brain dam-
age afflicting a mounting number of people 
worldwide via sudden death or cognitive dys-
functions [1]. Disruption of the blood-brain bar-
rier (BBB), interposed between the circulatory 
system and the central nervous system, is a 
major pathological feature in terms of brain 
damage and interacts with multiple factors at 
different stages of cerebral ischemia [2]. Hen- 
ce, protection of BBB integrity upon cerebral 
ischemia is a promising therapeutic approach 
and warrants more attention. 

Notably, microRNAs (miRNAs) might be required 
for BBB dysfunction involved in neurological 
disorders through modulating gene abundance 
[3, 4]. To date, miR-210 disrupted BBB integrity 
by blocking junction proteins during ischemic 
brain injury [5]. Apart from miR-210, miR-337 is 
also essential for cerebral ischemia and coordi-

nates with brain injury and neurological defi- 
cits [6]. Furthermore, a recent review described 
miRNA-based therapeutics that were function-
ally related to BBB protection during central 
nervous system injuries [7]. There have been 
few efforts in support of the miR-466 family 
being shown in brain damage except reduction 
abundances of miR-466a and miR-466d in 
neural stem cells on hyperglycemia [8].

miRNAs contribute to brain insult via modulat-
ing mRNA expression on ischemic [9]. Generally, 
insulin-like growth factor-1 (IGF-1) is essential 
for cerebral protection and ischemic stroke  
[10, 11]. Faced with ischemic brain damage, 
reduction of IGF-1 contributed to BBB leakage 
in C57BL/6 mice [12]. In contrast, sodium but- 
yrate treatment increased the abundance of 
IGF-1 and reduced BBB permeability in Sprague 
Dawley rats after middle cerebral artery occlu-
sion (MCAO) [13]. The available evidence indi-
cates that IGF-1 is a neuro-protectant and pro-
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vides a possible therapeutic target upon brain 
injury [14, 15]. Since IGF-1 opens up the pos- 
sibility of BBB protection, mechanisms that 
underlie the interaction with miR-466c remain 
elusive. In the present study, regulation of miR-
466c on BBB permeability upon cerebral isch-
emia was investigated via perfecting the mod-
els of MCAO in vivo and oxygen-glucose depri-
vation (OGD) in vitro. 

Methods

Animals and model of MCAO

Adult male Sprague Dawley rats, weighing 250-
300 g, were obtained from the China National 
Laboratory Animal Resource Center (Shanghai, 
China). All rats were acclimatized to mainte-
nance in specific pathogen-free, humidity and 
temperature-controlled microisolator cages wi- 
th a 12 hour light/dark cycle for one week. 
Water and food were free access during the 
experiments. Every effort was made to mini-
mize animals (n=7/group) during the study and 
studies were performed in accordance with  
the Guiding Principles in the Use of Laboratory 
Animals and approved by the Committee of 
Jinhua Central Hospital.

For the model of transient cerebral ischemia, 
rats were anesthetized with 10% chloral hy- 
drate (Sigma, Saint Louis, MO, USA) and then 
subjected to MCAO surgery as described previ-
ously [16]. Briefly, a midline incision was made 
to isolate the right common carotid artery, 
external carotid artery, and internal carotid ar- 
tery. Then a silicon-coated nylon 4.0 suture 
(Doccol Corporation, Redlands, CA, USA) was 
introduced into the internal carotid artery to 
occlude the origin of the middle cerebral artery. 
After 90 minutes of MCAO surgery, the suture 
was withdrawn. The sham surgery group experi-
enced the similar insult without suture inser-
tion. During the surgery, rectal temperature 
was maintained at 37±0.5°C using a homeo-
thermic heating pad. 

To explore the function of miR-466c, miR-466c 
mimics or control (Thermo Fisher, Wilmington, 
DE, USA) was given via the right lateral ventri- 
cle through a stereotactic apparatus within 30 
minutes after MCAO. The rats were euthanized 
at the time points 6, 24, or 72 hours following 
MCAO. Brain tissue samples in ischemic core 
and contralateral hemisphere were collected 
and stored at -80°C until required. 

Brain water content

Suffering from the introduction of miR-466c for 
24 hours, brains were collected and immedi-
ately weighed. Then the brains were dried for 
approximately 24 hours at 110°C and weighed 
again. The brain water content was calculated 
as (wet weight-dry weight)/wet weight × 100%.

Evans blue leakage assay

After the injection of miR-466c mimics, 2% 
Evans blue dye (Sigma) was administered to 
animals via right femoral vein. After 2 hours, 
the rats were perfused with phosphate buffer 
saline (PBS, Sigma) through the left ventricle  
to remove the intravascular dye. The brain were 
excised, weighed, and incubated with forma- 
mide (Sigma) at 37°C for 24 hours before cen-
trifugation at 2,000 × g for 20 minutes. The 
density of supernatant was measured at 632 
nm using spectrophotometrically (Analytik Je- 
na, Jena, Germany), and the content of Evans 
blue was calculated based on the stand curve. 
Extravasation of Evans blue was quantified as 
μg/g brain tissue.

Neurological evaluation and cresyl violet stain-
ing

Neurological deficit of rats was evaluated fol-
lowing the instructions of a five-tiered grading 
system at 24 hours after MCAO (0, no deficit; 1, 
failure to extend right paw; 2, spin longitudinal-
ly; 3, falling to the right; 4, unable to walk spon-
taneously) [17]. After the evaluation of neu-
robehavioral, brains were removed and sec-
tioned at 20 μm thickness that were used for 
cresyl violet staining. Briefly, the sections were 
incubated with 1% cresyl violet acetate (Sigma) 
for 10 minutes, followed by dehydrated in 70%, 
80%, 95%, 100% ethanol and xylene at room 
temperature. The infarct volume was calculat-
ed using Image J software (National Institutes 
of Health, Bethesda, MD, USA) from 4 slices 
and then expressed as the percentage of in- 
farction in whole brain.

BMECs culture and OGD

Sprague-Dawley rat primary brain microvascu-
lar endothelial cells (BMECs) were isolated fol-
lowing the instructions previously described 
[18]. Cells were cultured in glucose-free Dul- 
becco’s Modified Eagle Medium (DMEM) (Gibco, 
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Carlsbad, CA, USA) and immediately transferr- 
ed to a humidified anaerobic chamber contain-
ing an atmosphere of 95% N2, and 5% CO2 for 
30 minutes. When the OGD model was induced, 
the culture solution was replaced with normal 
medium and cultured at 37°C for 2, 4, or 6 
hours. The control BMECs were incubated in 
standardized DMEM without deprived of oxy-
gen and glucose.

BMECs permeability assay

BMECs with miR-466c mimics, si-IGF-1 or pcD-
NA-IGF-1 transfection were seed into Trans-well 
chamber (Costar, Coning, NY, USA) at the den-
sity of 1 × 104. After 24 hours, the medium was 
discarded and 0.01% FIFC-dextran (Sigma) in 
DMEM was added into the upper chamber, 
while culture medium without FITC-dextran was 
added to the lower chamber. The medium in the 
lower chamber was collected after 2 hours. The 
fluorescence intensity was determined by fluo-
rescence microplate reader (PerkinElmer, Wal- 
tham, MA, USA) at an excitation wavelength of 
488 nm and emission wavelength of 510 nm. 
Permeability coefficient for FIFC-dextran was 
calculated as (Ir × V)/(Id × S), where Ir or Id is the 
fluorescence intensity of the receiver or donor 
chamber, V is the volume of lower chamber and 
S is the surface area of cell monolayer.

Plasmid constructs and cell transfection

IGF-1 cDNA was amplified and sub-cloned in 
the BamH I and Kpn I sites of pcDNA3.1 
(Invitrogen, Carlsbad, CA, USA) to construct  
the pcDNA-IGF-1 vector. The specific primer of 
IGF-1 was synthesized by Invitrogen as follows: 
Forward: 5’-CGGGATCCCTGCTAACCAATTCATTT- 
CCAGA-3’ and Reverse: 5’-GGGGTACCTCACTT- 
ATCGTCGTCATCCTTGTAATCAGCCTTGGGCATGT- 
CCGTGT-3’. MiRNA control, miR-466c mimics, 
miR-466c inhibitor, IGF-1 small interfering RNA 
(si-IGF-1) (Thermo Fisher) or the pcDNA-IGF-1 
plasmid was transfected into BMECs using 
Lipofectamine 2000 (Invitrogen) referring to 
the manufacturer’s protocol. Transfection effi-
ciencies were analyzed by qRT-PCR after 24 
hours.

RNA extraction and qRT-PCR

Total RNA from brain tissues or BMECs was 
extracted using Trizol reagent (Invitrogen) ac- 
cording to the manufacturer’s instructions. RNA 
purity was detected by a NanoDrop Spectro- 
photometer (NanoDrop, Wilmington, DE, USA) 

and a ratio between 1.8 and 2.0 was consid-
ered acceptable. Template RNA was incubated 
with Reverse Transcription Kit (Invitrogen) fol-
lowing the manufacturer’s instructions. Then 
cDNA was diluted and used for qRT-PCR with 
SYBR green (Applied Biosystems, Foster City, 
CA, USA) detection with the following amplifica-
tion protocol: 95°C for 10 minutes, 40 cycles of 
95°C for 15 seconds, and 60°C for 1 minute. 
Results were analyzed with 2-ΔΔCt approach 
using β-actin or U6 as housekeeping gene  
for normalization of IGF-1 or miR-466c. Pri- 
mers were designed from Invitrogen: IGF-1 
(Forward, 5’-GCTGGTGGACGCTCTTCAGT-3’; Re- 
verse, 5’-TTCAGCGGAGCACAGTACAT-3’), GAPDH 
(Forward, 5’-GACAACTTTGGCATCGTGGA-3’; Re- 
verse, 5’-ATGCAGGGATGATGTTCTGG-3’), miR-
466c (Forward, 5’-CACTAGTGGTTCCGTTTAGT- 
AG-3’; Reverse, 5’-TTGTAGTCACTAGGGCACC-3’), 
U6 (Forward, 5’-GCTTCGGCAGCACATATACTA- 
AAAT-3’; Reverse, 5’-CGCTTCACGAATTTGCGTG- 
TCAT-3’). All assays were repeated in triplicate 
during the study. 

Western blots (WB)

Total protein was isolated in cell lysis buffer 
with 1% protease inhibitor (Thermo Fisher) and 
quantified by BCA assay kit (Sigma). Then dena-
tured proteins were separated by SDS-PAGE 
gel, transferred to polyvinylidene difluoride (PV- 
DF) membranes (Millipore, Billerica, MA, USA), 
and blocked with blocking reagent (Thermo 
Fisher) for 1 hour at room temperature. Sub- 
sequently, the membranes were incubated with 
primary antibodies anti-rat IGF-1 or GAPDH 
(Abcam, Cambridge, UK) overnight at 4°C, fol-
lowed by hatched with secondary antibodies 
(Abcam) for 2 hours at room temperature. The 
protein blots were visualized using enhanced 
chemiluminescence (ECL) chromogenic sub-
strate (Thermo Fisher). GAPDH was used as a 
standard for band intensities.

Luciferase assays

Putative miR-466c targeting IGF-1 was predict-
ed by the online software TargetScan. The 3’ 
untranslated regions (3’-UTR) sequences of 
IGF-1 containing the putative binding sites of 
miR-466c were cloned into pGL3 luciferase 
reporter vector (Promega, Madison, WI, USA) to 
generate the wide-type plasmid (IGF-1 3’-UTR 
WT). Site-directed mutagenesis of miR-466c 
complementary bases was cloned into the 
pGL3-control vector to construct mutant-type 
plasmid (IGF-1 3’-UTR Mut). IGF-1 3’-UTR WT or 
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3’-UTR Mut plasmid was co-transfected with 
miR-466c mimics or miRNA control in BMECs 
using Lipofectamine 2000 according to the 
manufacturer’s protocols. Transfected cells we- 
re lysed and contributed to the luciferase ac- 
tivities analysis by Luciferase Assay Kit (Ge- 
neCopoeia, Rockville, MD, USA).

Statistical analysis

Data are expressed as the mean ± standard 
deviation (SD) from three independent experi-
ments. Statistical analysis was investigated by 

ent time points even though added same insult 
(Figure 1B and 1C). Together, these findings 
suggested that both of miR-466c and IGF-1 
had essential roles in response to cerebral 
ischemia.

Addition of miR-466c deteriorates cerebral 
ischemia-induced brain injury after MCAO

Given that miR-466c was aberrantly impaired 
on cerebral ischemia, the potential effect of 
miR-466c after MCAO in vivo was further inves-

Figure 1. miR-466c expression is down-regulated and IGF-1 expression is 
up-regulated in ischemic core upon cerebral ischemia. (A) The sketches of 
ischemic core and contralateral hemisphere in brain tissue from MCAO rats 
and the abundance of miR-466c (B) and IGF-1 (C) were detected by qRT-
PCR in ischemic core compared to sham group at 6, 24, and 72 hours after 
MCAO. n=7/group. *p< 0.05 versus sham group.

one-way analysis of variance 
(ANOVA) followed by Tukey’s 
post hoc tests or Student’s t 
test using GraphPad Prism 5 
(GraphPad Inc., La Jolla, CA, 
USA). p < 0.05 was regarded 
as the level of statistically sig-
nificant in all graphs. 

Results

MiR-466c expression is 
impaired and IGF-1 expression 
is enhanced in ischemic core 
after MCAO

MCAO surgery was performed 
to determine the alterations in 
expression of miR-466c and 
IGF-1 in brain tissues upon ce- 
rebral ischemia. The sketches 
of ischemic core and contralat-
eral hemisphere in brain tissue 
from MCAO rats are shown in 
Figure 1A. The abundances of 
miR-466c and IGF-1 in MCAO 
and sham groups were exam-
ined at 6, 24, and 72 hours 
after the surgery. The data 
revealed that MCAO induced a 
great loss of miR-466c abun-
dance compared to sham gr- 
oup in ischemic core and de- 
scribed a trough of wave at 24 
hours (Figure 1B). By contrast, 
abundance of IGF-1 was sharp-
ly enhanced with a peak at 24 
hours in ischemic core suffer-
ing from cerebral ischemia 
(Figure 1C). As expected, little 
changes of miR-466c and IGF- 
1 levels were observed in con-
tralateral hemisphere at differ-
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tigated. MiR-466c mimics or miR-466c control 
was injected into cerebral ischemia rats after 
MCAO through the stereotactic apparatus. Ob- 
servations showed no symptoms of neurologi-
cal impairment in the sham group and remark-
ably severe neurological deficit in MCAO sur-
gery (Figure 2). Concordantly, compared with 
miR-466c control group, introduction of miR-
466c caused a significant increase of neuro-
logical score after MCAO (Figure 2A). Moreover, 
elevated brain water content was enabled in a 
manner associated with miR-466c above con-
trol group following MCAO (Figure 2B). Mean- 
while, cresyl violet stain assay described a br- 
oader unstained area in brain tissue in the 
presence of miR-466c (Figure 2C), suggesting 

in BMECs (Figure 3E). Taken together, these da- 
ta demonstrate that introduction of miR-466c 
enhances BMEC permeability after OGD.

IGF-1 is bind directly to miR-466c

Next, it was considered to probe the interaction 
between miR-466c and IGF-1. Bioinformatics 
analysis hypothesized a binding site between 
miR-466c and 3’-UTR of IGF-1, predicted by 
online tool TargetScan, suggesting that IGF-1 
might be a direct target gene of miR-466c (Fi- 
gure 4A). Therefore, luciferase assays showed 
a remarkable reduction of luciferase activity 
with the presence of miR-466c mimics in BM- 
ECs transfected with IGF-1 3’-UTR WT com-
pared to control, but little effect was observed 

Figure 2. Addition of miR-466c exacerbates brain injury on cerebral isch-
emia after MCAO. A. Neurological deficit was investigated according the in-
structions of a five-tiered grading system in Sprague-Dawley rat after MCAO 
with miR-466c injection. *p < 0.05 versus sham group, #p < 0.05 versus 
MCAO + miR-466c control. B. The brain water content after MCAO was de-
tected via wet-dry weight assay. *p < 0.05 versus sham group, #p < 0.05 
versus MCAO + miR-466c control. C. Infarct volume was described by cresyl 
violet staining. The unstained region showed the infarct area. *p < 0.05 
versus MCAO + miR-466c control. D. BBB permeability was examined by 
Evans blue leakage assay. *p < 0.05 versus sham group, #p < 0.05 versus 
MCAO + miR-466c control.

addition of miR-466c contrib-
uted to ischemic infarct. Simi- 
larly, miR-466c triggered more 
leakage of Evans blue dye after 
the onset of MCAO (Figure 2D). 
These results suggested that 
accumulation of miR-466c ex- 
acerbated brain injury on cere-
bral ischemia.

Introduction of miR-466c fa-
cilitates BMECs permeability 
after OGD

To further explore the interac-
tion of miR-466c with BBB  
permeability, an OGD model 
was established in BMECs. As 
expected, expression of miR-
466c was drastically inhibited 
at 2 hours after OFD and later 
faintly regained (Figure 3A). 
However, expression of IGF-1 
exhibited an opposite trend in 
BMECs after OGD at mRNA 
and protein levels, respective- 
ly (Figure 3B and 3C). Further- 
more, transfections were per-
formed into BMECs after OGD 
with miR-466c mimics or con-
trol. Transfection efficiencies 
were validated by elevated le- 
vels of miR-466c compared 
with their counterparts (Figure 
3D). Indeed, OGD induced the 
flux of FITC-dextran and a st- 
rong increase of permeability 
with introduction of miR-466c 



Role of miR-466c in BBB via targeting IGF-1

2379	 Int J Clin Exp Med 2019;12(3):2374-2383

Figure 3. Addition of miR-466c increases BMECs permeability after OGD. A. The abundance of miR-466c was de-
tected by qRT-PCR in BMECS at 2, 4, and 6 hours after OGD. *p < 0.05 versus control. B and C. IGF-1 expression in 
OGD-treated BMECs was examined at mRNA and protein levels, respectively. D. The abundance of miR-466c was 
analyzed in BMECs with miR-466c mimics or control transfection. *p < 0.05 versus miR-466c control, #p < 0.05 
versus control, &p < 0.05 versus OGD + miR-466c control. E. Permeability coefficient was evaluated by the flux of 
FITC-dextran. *p < 0.05 versus control, #p < 0.05 versus OGD + miR-466c control.

Figure 4. IGF-1 is a target of miR-466c. (A) Wild-type (IGF-1 3’-UTR WT) and mutant (IGF-1 3’-UTR Mut) of putative 
miR-466c targeting sequences. (B) Analysis of luciferase activity was performed in BMECs transfected by miR-466c 
mimics and IGF-1 3’-UTR WT or Mut compared with negative control. *p < 0.05 versus miR-466c control. (C and D) 
The abundance of IGF-1 was analyzed at the RNA and protein levels in BMECs after OGD in the presence or (E and 
F) absence of miR-466c. *p < 0.05 versus control, #p < 0.05 versus OGD + miR-466c mimics control.



Role of miR-466c in BBB via targeting IGF-1

2380	 Int J Clin Exp Med 2019;12(3):2374-2383

in those transfected with IGF-1 3’-UTR Mut 
(Figure 4B). Further, the abundance of IGF-1 
was decreased by addition of miR-466c in BM- 
ECs after OGD at mRNA and protein levels, 
respectively (Figure 4C and 4D). In contrast, 
abrogation of miR-466c by miR-466c inhibi- 
tor resulted in increased abundance of IGF-1 
mRNA and protein compared to inhibitor con-
trol (Figure 4E and 4F). These results show th- 
at IGF-1 might be a candidate target of miR-
466c and enrichment of miR-466c lowers ex- 
pression of IGF-1.

Presence of IGF-1 counteracts BMECs perme-
ability following addition of miR-466c

To investigate if miR-466c modulated the poor 
outcome of BMECs permeability through IGF-1, 
si-IGF-1 or pcDNA-IGF-1 was introduced into 
BMECs. As a result, interference of IGF-1 blo- 
cked IGF-1 expression at mRNA and protein  
levels in BMECs after OGD (Figure 5A and 5B). 
Moreover, depletion of IGF-1 induced the ac- 
cumulation of FITC-dextran on para-cellular in 
BMECs after OGD (Figure 5C). In contrast, intro-
duction of pcDNA-IGF-1 promoted the abun-

Figure 5. IGF-1 attenuates the effect of miR-466c on BMECs permeability. (A and B) The abundances of IGF-1 were 
analyzed at mRNA and protein levels in BMECs after OGD in the absence of IGF-1. *p < 0.05 versus control, #p < 
0.05 versus OGD + si-IGF-1 control. (C) IGF-1 depletion increased the BMECs permeability after OGD. *p < 0.05 ver-
sus control, #p < 0.05 versus OGD + si-IGF-1 control. (D and E) Addition of IGF-1 reversed regulation of miR-466c on 
production of IGF-1 mRNA and protein in BMECs after OGD. *p < 0.05 versus OGD + miR-466c mimics control, #p < 
0.05 versus OGD + miR-466c mimics. (F) Introduction of IGF-1 attenuated the function of miR-466c on BMECs per-
meability after OGD. *p < 0.05 versus OGD + miR-466c mimics control, #p < 0.05 versus OGD + miR-466c mimics.



Role of miR-466c in BBB via targeting IGF-1

2381	 Int J Clin Exp Med 2019;12(3):2374-2383

dant production of IGF-1 mRNA and protein in 
BMECs with the presence of miR-466c after 
OGD (Figure 5D and 5E). In addition, the posi-
tive effect of miR-466c on BMECs permeability 
was ablated following accumulation of pcDNA-
IGF-1 compared between OGD + miR-466c mi- 
mics + pcDNA-IGF-1 and OGD + miR-466c mim-
ics group (Figure 5F). All findings suggested 
that miR-466c regulated BMECs permeability 
after OGD through targeting IGF-1.

Discussion

In the current study, most attention was paid to 
the interaction of miR-466c with BBB permea-
bility under cerebral ischemia both in vivo and 
in vitro. miR-466c was assessed as a promis-
ing therapeutic avenue for BBB protection upon 
cerebral ischemia. Recent works have suggest-
ed that miR-466 expression is impaired and 
might participate in cell proliferation and migra-
tion in colorectal cancer and prostate cancer 
[19, 20]. Likewise, the abundance of miR-466 
was reduced during the tissue-engineered vas-
cular graft or liver regeneration in rat models 
[21, 22]. Similarly, our data show a great loss of 
miR-466c abundance in vivo rats MCAO and in 
vitro BMECs OGD models, suggesting that miR-
466c might play a pivotal role in cerebral is- 
chemia.

BBB disruption has been shown to take part in 
cerebral ischemia [23], and miRNAs were re- 
ported to have an impact on the outcome of 
BBB dysfunction [24]. Cerebral deficit detection 
has been typically performed with the analyses 
of neurological score, brain water content, in- 
farct volume, as well as BBB permeability. In- 
troduction of miR-132 lessened BBB permea-
bility and brain water content in mice on intra-
cerebral hemorrhage [25]. Furthermore, addi-
tion of miR-216a might also induce reduction of 
neurological score, brain water content, and 
infarct volume in mice after MCAO [26]. How- 
ever, our results describe accumulation of miR-
466c which deteriorated the cerebral deficit 
and revealed elevated neurological score, brain 
water content, infarct volume, and BBB perme-
ability. This is also consistent with the finding of 
miR-18a that was impaired and addition of it 
worsened brain injury in ischemic stroke [27]. 
This study also showed that cerebral ischemia 
induced IGF-1 expression. Generally, IGF-1 was 
considered as a novel approach to control the 
development and clinical features in patients 

with ischemia stroke [28]. Such work propos- 
ed IGF-1 could decrease infarct volume and 
improve neurologic function upon cerebral isch-
emia [29]. Furthermore, former efforts have 
suggested that IGF-1 is required for BBB per-
meability in rat models or in the clinic [30, 31].

Since functional miRNAs contributed to brain 
insult by regulating mRNA expression on isch-
emic stroke [9], it was further hypothesized 
that a link must exist between miR-466c and 
IGF-1. The former finding suggested miR-466 
could repress lymph-angiogenesis via targeting 
prospero homeobox 1 during alkali burn corne-
al injury [32]. Moreover, miR-466 might be 
involved in modulating inositol requiring en- 
zyme 1 and diabetic wound healing [33]. As 
expected, TargetScan online described the 
binding sites between miR-466c and 3’-UTR of 
IGF-1. Using another approach to analyze the 
prediction of IGF-1 as a target of miR-466c, 
validated by luciferase assay, it was proposed 
that addition of miR-466c lowered the abun-
dance of IGF-1. On the basis of previous dem-
onstrations, miR-466c was tested to determine 
whether it could ameliorate BBB permeability 
by targeting IGF-1 after cerebral ischemia. 

The available evidence indicated in patients 
with cerebral ischemia, miR-223 was associat-
ed with ischemia stroke through modulating 
the abundance of IGF-1 [34]. Similarly, other 
miRNAs, such as miRNA Let7f and miR-29a, 
mediated IGF-1-like neuroprotection or reperfu-
sion injury following ischemia stroke [35, 36]. 
Here, a protocol was developed with introduc-
tion of si-IGF-1 or pcDNA-IGF-1 and addition of 
IGF-1 was found to attenuate BBB permeabi- 
lity. This was afforded by the presence of abun-
dant miR-466c upon cerebral ischemia. As de- 
scribed by previous study, IGF-1 was targeted 
by miR-29 and might serve important function 
in brain ischemia [37]. Elevated IGF-1 level by 
miR-320 abrogation might protect against isch-
emia and reperfusion injury in Wistar rats [38]. 
Seeing that the mechanisms of cerebral isch-
emia and BBB are complex, signaling pathways 
regulated by miR-466c need more attention for 
the treatment of ischemia injury in future.

Conclusion

In conclusion, this effort provided insight into 
the link between miR-466c and BBB permea- 
bility upon cerebral ischemia. Here cerebral  
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ischemia hindered the expression of miR-466c 
and enhanced expression of IGF-1. Addition  
of miR-466c stimulated BBB permeability on 
cerebral ischemia by targeting IGF-1, indicat- 
ing that miR-466c might present a potential  
therapeutic targeting opportunity of cerebral 
ischemia.
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