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1 | INTRODUCTION

Ischaemic stroke is a fatal condition (the lack of blood flow to the
brain) which is capable of causing neurological deficit and death.>2 1t
has been proposed that many factors are attributed to this disease,
including high blood pressure, lack of exercise, unhealthy lifestyle
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and diabetes mellitus.® The standard treatment for ischaemic stroke
is intravenous recombinant tissue plasminogen activator (t-PA), but
over fifty per cent of treated patients was not fully healed and even
dead in the end, and its alternative one endovascular therapy does
not exceed it.* Thus, novel targets are urgently needed for the treat-
ment of ischaemic stroke.
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MicroRNAs (miRNAs) are a collection of short non-coding RNA
molecules with the length of about 22 nucleotides, which are ca-
pable of regulating gene expression by binding to 3’-untranslated
regions (3’-UTR) of target mRNAs in the cytoplasm.’” A previous
study has revealed that miR-150 polymorphisms may facilitate the
emergence of ischaemic stroke and probably serve as biomarkers for
ischaemic stroke prediction.8 It has been elucidated that down-reg-
ulated miR-134 increases HSPA12B level to defend neural cells from
ischaemic injury in ischaemic stroke.” Interestingly, miR-130a has
been reported to exert neuroprotective effects against ischaemic
stroke,’® and it has also been verified that miR-130a regulated cere-
bral ischaemia-induced blood-brain barrier permeability.}! X-linked
inhibitor of apoptosis protein (XIAP), an extremely critical member
of inhibitor of apoptosis protein (IAP) family, is a cytosolic inhibi-
tor of caspases-3, -7 and -9.12% It was confirmed by Petra Obexer
et al that XIAP is unconventionally expressed in various cancers, and
it plays a significant part in the regulation of death resistance and
functions as a therapeutic target for cancer therapy.14 XIAP was pro-
posed to be a vital regulator of sex difference in stroke, and miR-23a
can facilitate the differences by regulating XIAP.Y> Zhang et al have
demonstrated that XIAP is targeted by miR-130 and down-regulated
miR-130a promotes cisplatin resistance of cells in ovarian cancer by
regulating XIAP.X® Nevertheless, the function of miR-130a targeting
XIAP in ischaemic stroke has scarcely been investigated.

Experimental focal cerebral ischaemia models are employed to
mimic human stroke. Rodent models of focal cerebral ischaemia have
been developed using middle cerebral artery occlusion (MCAO).Y’
Moreover, the in vitro cerebral ischaemic model was usually estab-
lished by OGD exposure in neurons.*® Thus, our study is intended for
the exploration of miR-130a's role in MCAO rats and OGD-treated
neurons to clarify its effect on ischaemic stroke by regulating XIAP.

2 | MATERIALS AND METHODS
2.1 | Ethics statement

Animal experiments were strictly in line with the Guide to the
Management and Use of Laboratory Animals issued by the National
Institutes of Health. The protocol of animal experiments was ap-
proved by the Institutional Animal Care and Use Committee of The

First Affiliated of Zhengzhou University.

2.2 | MCAO model establishment

Rat models of permanent MCAO were made by Longa's suture-oc-
cluded method.” Healthy male Sprague-Dawley (SD) rats, weighing
230-270 g and purchased from Shanghai SLAC Laboratory Animal
Co., Ltd. (Shanghai, China), were anaesthetized by intraperitoneal
injection of 10% chloral hydrate (0.3 mL/100 g) and placed on the
operating table in a supine position, with limbs fixed by strings. An

incision was made in the middle of the neck, and common carotid

artery (CCA), external carotid artery (ECA) and internal carotid ar-
tery (ICA) in the right were separated. A suture and a bulldog clamp
were prepared at the proximal end of the ICA and at the distal end,
respectively. Then, another incision was made at the CCA, and the
prepared suture was made through the incision from the start of
middle cerebral artery (MCA) to the proximal end of the anterior
cerebral artery (ACA) to a depth of 17 to 19 mm. Next, the suture
was fixed and that moment was recorded as the time for the onset of
regional cerebral ischaemia. The incision was sutured layer by layer
and disinfected, and rats were returned to cage for observation.
Models were successfully established when the rats turned to the
right at the time of crawling (rear-end collision phenomenon) or even
fell to the right and the right forelimb appeared adduction and flex-
ion while the tail was lifted. In the sham group, rats were only treated
with skin incision and vascular dissection without suture treatment,
and the remaining steps were the same as the model group. The tem-
perature of rats was always monitored and kept at 37°C during the
operation. After 24 hours of ischaemia, neurological function was
scored with Longa assessment method for reference'”:0 point, there
was no neurological deficit; 1 point, unable to fully extend the fore-
paw on the paralysed side; 2 points, turning to the paralysed side
when walking; 3 points, tilting to the paralysed side when walking;
and 4 points, unable to walk spontaneously. Models were success-
fully established when neurological function scores range from 1
to 3 points. Rats were excluded if the insertion depth of the suture
was less than 17 mm; if consciousness was lost (4 points) or rats
died before the time of observation; and if there was subarachnoid
haemorrhage or intracranial arterial thrombosis when the rat brain
tissues were isolated. There was no sign of neurological injury in the
sham group. According to the criteria of success and exclusion, rats
failed to modelling were treated as missing values and were removed
from each group. The spare rats were supplemented in the follow-
up experiments. The success rate of rat modelling was about 68.6%
(120/175). Among the excluded rats, there were 4 cases whose
neurological score did not meet the requirements, 3 cases died of
anaesthesia accident, 2 cases with more bleeding during operation,
9 cases with difficulty in inserting the suture embolism, 4 cases
died after operation, 3 cases with subarachnoid haemorrhage and
3 cases with basicranial arterial thrombosis when the brain tissues

were isolated.

2.3 | Animal grouping and treatment

Animal treatment was in line with a previous publication.?’ Rats were di-
vided into 8 groups (n = 15): MCAO + miR-130a mimics group: injected
with PEGliposomes-embedded miR-130a mimics (2.4 mg/kg, iv), given
within 5 minutes after the MCAO; MCAO + mimics negative control
(NC) group: injected with PEGliposomes-embedded miR-130a mimics
NC (2.4 mg/kg, iv), given within 5 minutes after the MCAO; MCAO
+ miR-130a inhibitors group: injected with PEGliposomes-embedded
miR-130a inhibitors (2.4 mg/kg, iv), given within 5 minutes after the
MCAO, given within 5 minutes after the MCAO; MCAO + inhibitors
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NC group: injected with PEGliposomes-embedded miR-130a inhibitors
NC (2.4 mg/kg, iv), given within 5 minutes after the MCAO; MCAO
+ miR-130a inhibitors + XIAP small interfering RNA (siRNA) group:
injected with PEGliposomes-embedded miR-130a inhibitor (2.4 mg/
kg, iv) and XIAP interference plasmids (2.4 mg/kg, iv), given within
5 minutes after the MCAO; MCAO + miR-130a inhibitors + siRNA NC
group: injected with PEGliposomes-embedded miR-130a inhibitors
(2.4 mg/kg, iv) and NC plasmids of XIAP (2.4 mg/kg, iv), given within
5 minutes after the MCAO. MiR-130 mimics, inhibitors, XIAP siRNA
or the NCs were wrapped using PEG-Liposome In Vivo Transfection
Reagent (Altogen Biosystems, USA) and administered through the tail
vein immediately after MCAO. MiR-130 mimics, inhibitors, XIAP siRNA
or the NCs were purchased from GenePharma Co., Ltd. (Shanghai,
China). The validated XIAP siRNA has been confirmed to reduce XIAP
expression through the functional test, and the recommended siRNA
NC has been found to not target any gene product through the experi-
mental test. Meanwhile, preliminary tests were carried out within the
manufacturer to ensure the minimum target-missing effect and siRNA
delivery efficiency. XIAP siRNA knockout procedure was performed
based on manufacturer's instructions. XIAP siRNA sequence was not
provided due to commercial factors. Sham-operated rats and MCAO
model rats were used as controls. Rats were scored for neurological

function 24 hours after ischaemia.

2.4 | Morris water maze test

After 7 days of treatment, the spatial learning and memory ability
of rats in each group were tested by Morris water maze test. The
Morris water maze was 120 cm in diameter, and the circular escape
platform which was 23 ¢cm high and 10 c¢cm in diameter was placed
in the centre of the third quadrant and 2 cm below the water sur-
face. The water temperature was kept at (24 + 2°C) and room tem-
perature was controlled at 24°C, and the roof and the wall surface
were smooth and tidy with symmetrical lighting equipment around.
The rats were placed in the water facing the pool wall from the four
quadrants of the pool for the 5-day positioning navigation test, and
various parameters were recorded by the computer. If the rat did not
find the platform within 2 minutes, it was then led to the platform
for a 20-seconds stay, at which time the latency was recorded as
2 minutes. On the sixth day, the platform was removed after the fifth
training for the space search test. The rats were put into the water
facing the pool wall from one randomly selected place of the water,
and various parameters were recorded by the computer.

2.5 | Brain tissue water content detection and
haematoxylin-eosin (HE) staining

Rats were killed by deep anaesthesia with 10% chloral hydrate
(0.3 mL/100 g) and brain tissues of 5 rats in each group were taken
out and immediately measured for wet weight with an electronic bal-

ance. Then the brain tissues were baked at 100°C for 48 hours and

WILEY- ¥

weighed for dry weight, and the water content of the brain tissue was
determined by (wet weight-dry weight)/wet weight. After another 5
rats were anaesthetized, the rats were quickly decapitated and brain
tissues were taken out with the cerebellum and lower brain stem
removed. Some remains were stored in liquid nitrogen, and other
brain tissues 1-4 mm behind the chiasm were obtained by coronary
clip and placed in 4% paraformaldehyde to be fixed for 24 hours.
Subsequently, the tissue blocks were routinely dehydrated, permea-
bilized, immersed in wax, embedded into wax blocks, and sliced into
5-pum sections by coronary clip. The brain sections across the cen-
tral region of the infarct were selected for staining while the brain
sections at the corresponding region were selected for staining in
the sham group. The sections were stained with haematoxylin for
5 minutes and differentiated with 75% hydrochloric acid-ethanol
for 30 seconds after washed by distilled water, followed by acidi-
fied eosin-ethanol staining for 1 minute after another washing of
distilled water. Finally, the sections were dehydrated, permeabilized,
and sealed with neutral resin for the observation of the pathological
morphology of ischaemic cerebral cortex under a light microscope.

2.6 | Triphenyltetrazolium chloride (TTC) staining

The cerebral infarct volume was measured according to the reform-
ing method referring to the paper written by Yin W et al?!: tissues in
each group were sectioned, stained with phosphate-buffered saline
(PBS) containing 2% TTC (Sigma, Saint Louis, MO, USA) in a 37°C
incubator for 30 minutes, fixed with 4% paraformaldehyde and pho-
tographed. The infarct areas appeared white while the normal ones
were red. The cerebral infarction ratio was measured by Image-Pro
Plus software (ie the percentage of the area of the infarct area to
that of the homolateral cerebral hemisphere).

2.7 | Terminal deoxyribonucleotidyl transferase-
mediated deoxyuridine triphosphate-digoxigenin nick
end labelling (TUNEL) staining

The paraffin specimens were cut into 5-upm sections, fixed with 4%
paraformaldehyde and performed with TUNEL staining in line with
TUNEL kit instructions (Roche, Mannheim, Germany). The neurons
in ischaemic cerebral cortex were counted by an experimental cell
counter. Five random fields were selected from each group, and the
apoptotic index of cells in brain tissues was calculated as (humber of
apoptotic cells/number of total cells) x 100%.

2.8 | BrdU/DCX and BrdU/NeuN
immunofluorescent staining

Sliced tissue blocks were heated at 60°C for 2 hours, cooled at
room temperature, dewaxed and hydrated. Endogenous peroxidase

was blocked with 3% H,0, for 10 minutes. Then the sections were
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immersed in antigen retrieval solution ethylenediaminetetraacetic
acid (EDTA)-sodium citrate, heated with microwave for 6 minutes,
naturally cooled for antigen retrieval and blocked with 10% goat
serum at 37°C for 1 hour. After the removal of excessive liquid, the
sections were supplemented with primary antibody mixture (Brdu +
DCX-labelled primary antibody: mouse anti-rat Brdu (1:50) and rab-
bit anti-rat DCX (1:200), or that of Brdu + NeuN-labelled primary an-
tibody: mouse anti-rat Brdu (1:50) and mouse anti-rat NeuN (1:100))
overnight at 4°C. After 3 washes with PBS, secondary antibody
mixture (Brdu + DCX-labelled secondary antibody: fluorescein iso-
thiocyanate (FITC)-labelled goat anti-mouse (1:100) and tetramethyl
rhodamine iso-thiocyanate (TRITC)-labelled goat anti-rabbit (1:100),
or that of Brdu + NeuN-labelled secondary antibody: FITC-labelled
goat anti-mouse (1:100) and TRITC-labelled goat anti-mouse (1:100))
were added to the sections for 1-h incubation without light expo-
sure. Subsequently, the sections were sealed with anti-fluorescence
quencher after 3 washes by PBS again and observed under a fluores-
cence microscope. Six different fields were taken for each section to
calculate the average number of double-positive cells. Neural stem
cells (NSCs) migrating during nerve regeneration were represented
by DCX/BrdU double-positive cells, and neurons differentiated from
NSCs by NeuN/BrdU double-positive cells.

2.9 | CD31 and a-smooth muscle actin (a-SMA)
immunofluorescent double staining

Sliced tissue blocks were heated at 60°C for 2 hours, cooled, de-
waxed, and hydrated. The cell membranes were ruptured with 0.25%
phosphate-buffered saline/Tween 20 (PBST) for 20 minutes. Then
the sections were blocked with 2% bovine serum albumin (BSA) for
1 hour and mixed with 2% BSA-diluted primary antibody, rabbit anti-
rat CD31 (1:200) overnight at 4°C. After rinsed with PBS 3 times,
the sections were incubated with FITC-labelled secondary antibody
goat anti-rabbit (1:100) for 2 hours without light exposure and then
with 2% BSA-diluted primary antibody, rabbit anti-rat a-SMA (1:200)
overnight at 4°C after rinsed again. Subsequently, TRITC-labelled
secondary antibody goat anti-rabbit (1:100) was added to the sec-
tions after 3 rinses with PBS for 2-hour incubation at room tem-
perature without light exposure. Finally, the sections were sealed
with anti-fluorescence quencher and observed under a fluorescence
microscope. Six different fields were taken for each section to cal-
culate the average number of double-positive cells. The microvessel
density was evaluated by new vessels expressed by CD31/a-SMA

double-positive cells.

2.10 | Neuron isolation, culture and identification

Culture of rat neurons: 24-hour newborn SD rats were soaked in
alcohol and the brain tissue was isolated and soaked in precooled

D-PBS balance salt solution. Meninges and blood vessels were

carefully separated under a microscope. Cut into mince, tissues were
detached with 0.125% trypsin at 37°C for 10 minutes, added with
Dulbecco's modified Eagle medium (DMEM)/F12 containing 10%
foetal bovine serum (FBS) of equal volume to stop digestion, and cen-
trifuged at 1500 r/min for 5 minutes. The supernatant was discarded
and samples were added with 3 mL DMEM/F12 containing 10% FBS
again, centrifuged at 1500 r/min for 5 minutes with the superna-
tant removed, and added with 4 mL of neuron culture medium (98%
neurobasal-A medium + 2% B27 medium additive + 0.5 mmol/L glu-
tamic acid + 1% penicillin-streptomycin). Filtered with a 400-mesh
cell sieve, the cells were counted and seeded onto plates coated with
polylysine. After 4-hour culture, the whole solution was replaced
by neuron culture solution and from that on, the half medium was
changed every 3 d.

Identification of rat neurons: 10-d neurons were fixed with 4%
paraformaldehyde for 15 minutes, treated with 0.3% Triton X-100
for 10 minutes, blocked with 3% BSA for 30 minutes with medium
discarded, and incubated with microtubule-associated protein 2
(MAP-2) antibody (1:100) overnight at 4°C. Next, the neurons were
incubated with secondary antibody immunoglobulin G Cy3 (1:100)
without light exposure for 2 hours, sealed and observed and photo-

graphed under an inverted fluorescent microscope.

2.11 | Cell grouping and treatment

Cell grouping: the control group (neurons without transfection),
the oxygen-glucose deprivation (OGD) group (neurons were
treated with OGD), the OGD + miR-130a mimics group (neurons
were transfected with miR-130 mimics before exposure to OGD
for 24 hours), OGD + mimics NC group (neurons were transfected
with miR-130 mimics NC before exposure to OGD for 24 hours),
the OGD + miR-130a inhibitors group (neurons were transfected
with miR-130 inhibitors before exposure to OGD for 24 hours),
the OGD + inhibitors NC group (neurons were transfected with
miR-130 inhibitors NC before exposure to OGD for 24 hours),
the OGD + miR-130a inhibitors + XIAP siRNA group (neurons
were transfected with miR-130 inhibitors and XIAP siRNA be-
fore exposure to OGD for 24 hours) and the OGD + miR-130a
inhibitors + siRNA NC group (neurons were transfected with miR-
130 inhibitors and XIAP siRNA NC before exposure to OGD for
24 hours).

Oligonucleotides or siRNA was purchased from GenePharma. P3
cells were trypsinized and seeded onto 6-well plates at 3 x 10° cells/
well. The cells were replaced by serum-free medium for 1-h incuba-
tion when cell confluence reached 60%, and then were respectively
transfected by Lipofectamine 2000 reagent (Invitrogen).

OGD modelling: the hypoxic medium was treated in a hypoxic in-
cubator with 1% O,, 5% CO,, and 94% N, (Thermo Fisher Scientific)
for 30 minutes. Cells were cultured in the medium as previously de-
scribed.?? Cells in the control group were placed in fresh extracellular

matrix in an incubator with 21% CO, and 79% O, (normoxic condition).



DENG ET AL.

2.12 | 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-
H-tetrazolium bromide (MTT) assay

Cells were incubated in MTT solution for 4 hours, treated with di-
methyl sulfoxide (both from Sigma) and shaken for 10 minutes to
dissolve the crystal. The optical density (OD) value at 490 nm was
analysed using a full-automatic microplate reader (Beckman Coulter
Inc, MN, USA). The cell viability = OD value of the experimental
group/OD value of the control group x 100%.

2.13 | Flow cytometry

Trypsinized cells were resuspended with 100 pL 1 x binding buffer
to prepare single cell suspension (1 x 10° cells/mL). The suspension
was treated with 2 uL Annexin-V-FITC (20 pg/mL) on ice with light
avoidance for 15 minutes, transferred into flow tubes and added
with 300 pL PBS. Each sample was added with 1 uL PI (50 pg/mL) and
detected by a flow cytometer (Beckman Coulter Inc) in 30 minutes.

2.14 | Reverse transcription quantitative
polymerase chain reaction (RT-qPCR)

The total RNA was extracted from tissues and cells by TRIzol
(Invitrogen, California, USA), stored at -80°C, then reversely tran-
scribed into cDNA by PrimeSeript@RT reagent Kit (TaKaRa, Dalian,
China) and stored at -20°C for further experiment. U6 and glycer-
aldehyde phosphate dehydrogenase (GAPDH) were taken as the
internal reference of miR-130a and other genes respectively. RT-
qPCR assay was performed by ABI7500 quantitative PCR instru-
ment (Applied Biosystems, CA, USA) and relative quantification was
performed using the comparative CT (2-DeltaDeltaCT) method. The
primers used are displayed in Table 1. Each sample was measured 3

times repeatedly.

2.15 | Western blot analysis

Total proteins from tissues and cells were extracted, and the con-
centrations were determined using a bicinchoninic acid kit (Qiagen
GmbH, Hilden, Germany) according to the manufacturer's proto-
col. Total protein of 60 pg was electrophoresed with gel at 70 V
for 120 minutes, then transferred to polyvinylidene fluoride mem-
brane, blocked for 1.5 hours with 5% BSA and incubated with pri-
mary antibodies (XIAP, 1:500, ab2541; Caspase-3, 1:1000, ab13847;
B-cell lymphoma-associated x (Bax), 1:1000, ab32503; B-cell lym-
phoma-2 (Bcl-2), 1:1000, ab196495; brain-derived neurotrophic fac-
tor (BDNF), 1:500, ab226843; nerve growth factor (NGF), 1:500,
ab6199; vascular endothelial growth factor (VEGF), 1:600, sc-7269;
hepatocyte growth factor (HGF), 1:500, ab83760; GAPDH, 1:1000,
ab181602) for 2 hours and then overnight at 4°C. All the antibod-
ies were purchased from Abcam (Cambridge, MA, USA) and Santa

WILEY- 2

TABLE 1 RT-gPCR primer sequence

Gene Primer sequence
miR-130a Forward: 5-CTTGAAGGTAATGGAACCCGG-3'

Reverse: 5-GTGATACCCGTGGTAGTACCTC-3’

ué Forward: 5-~AGGACTATCGTCCGATCAAC-3’
Reverse: 5-GCCCTCACACCTGCACTGTGTC-3’
XIAP Forward: 5-CCCTTGGGAACAGCATGCTA-3’

Reverse: 5-AATCCAGCACCACAGTAGGC-3’
Forward: 5-CTGGAGAAACTCCCGGTATC-3’
Reverse: 5-GGTAGTTCGGCATTGCGAGT-3’
NGF Forward: 5-TCGAGGCACACAAAGAAGA-3’
Reverse: 5-TCACCGCATGGGTTAAAG-3’
Forward:5-TGCACCCACGACAGAAGGGGA-3’
Reverse: 5-TCACCGCCTTGGCTTGTCACAT-3’
HGF Forward: 5-TCTTGACCCTGACACCCC-3'
Reverse: 5-GTGATTCAGCCCCATCCGG-3’
Forward: 5-ACCACAGTCCATGCCATCAC-3’
Reverse: 5-TCCACCACCCTGTTGCTGTA-3’

BDNF

VEGF

GAPDH

Abbreviations: BDNF, brain-derived neurotrophic factor; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase; HGF, hepatocyte growth
factor; miR-130a, microRNA-130a; NGF, nerve growth factor; VEGF,
vascular endothelial growth factor; XIAP, X-linked inhibitor of apoptosis
protein.

Cruz Biotechnology (Santa Cruz, California, USA). The membrane
was washed 3 times with tris-buffered saline with Tween 20 (TBST)
and incubated with horseradish peroxidase-labelled secondary anti-
body for 1.5 hours at room temperature. The bands were stained by
chemiluminescence reagent, and the grey value of protein expres-
sion was analysed by Image software. GAPDH was used as an in-
ternal reference, and the relative content of the target protein was
expressed by the ratio of the density of the target protein to that of
GAPDH.

2.16 | Dual-luciferase reporter gene assay

MiR-130a's target gene was evaluated using the TargetScan da-
tabase to verify if miR-130a was able to target and inhibit XIAP.
The 3-UTR of XIAP containing the putative miR-130a binding se-
quence was amplified by PCR and cloned downstream of the firefly
luciferase gene in the pMIR-Report vector (Promega Corporation,
Madison, WI, USA) to construct pMIR-XIAP-3-UTR- Wt vector
(XIAP-Wt). Mutations in the miR-130a seed regions of the XIAP
3'UTR were generated using the QuikChange Multisite-directed
mutagenesis kit (Promega Corporation). The mutated XIAP 3-UTR
fragment was cloned into the pMIR-Report vector to develop the
pMIR-XIAP -3'-UTR-Mut vector(XIAP-Mut). MiR-130a mimics with
NC sequence and sequenced luciferase reporter vector (XIAP-Wt
and XIAP-Mut) were co-transfected into HEK293T cells respectively
and luciferase activity was detected according to the method pro-

vided by Promega company (Madison, Wisconsin, USA).
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FIGURE 1 MiR-130ais up-regulated and XIAP is down-regulated in MCAO rats; miR-130a inhibits XIAP expression. A, Neurological
impairment scores of MCAO rats; B, Detection of miR-130a and XIAP expression in brain tissues of rats in the sham and MCAO groups

by RT-qPCR; C, Detection of XIAP protein expression in brain tissues of rats in the sham and MCAO groups by Western blot analysis; D,
Binding site between miR-130a and XIAP was predicated by bioinformatics tool; E, Verification of the binding site between XIAP 3'-UTR
and miR-130a by dual-luciferase reporter gene assay; F, Detection of miR-130a and XIAP expression in brain tissues of treated MCAO rats
by RT-qPCR; G, Detection of XIAP protein expression in brain tissues of treated MCAO rats by Western blot analysis. *P < 0.05 vs the sham
group; *P < 0.05 vs the MCAO group; P < 0.05 vs the MCAO + miR-130a inhibitors group. The results were expressed as mean =+ standard
deviation, and comparisons between two groups were analysed by t test while comparisons among groups by one-way ANOVA, followed by
Tukey's post hoc test

2.17 | Statistical analysis 3 | RESULTS

The data were analysed by statistical software SPSS 21.0 (IBM Corp.,
Armonk, NY, USA) and found normally distributed by Kolmogorov-
Smirnov test. The results were expressed as mean + standard de-
viation. Comparisons between two groups were analysed by t test
while comparisons among groups by one-way analysis of variance
(ANOVA). The pairwise comparisons were performed with Tukey's
post hoc test. P was tested bilaterally, and the difference was statis-
tically significant at P < 0.05.

3.1 | MiR-130ais up-regulated and XIAP is down-
regulated in MCAO rats; miR-130a inhibits XIAP

Rat neurological impairment was scored 24 hours after ischae-
mia to clarify whether the modes were successfully constructed
(Figure 1A). It was found that rats in the sham group exhibited
no neurological impairment and the score was 0; MCAO rats had

severe neurological impairment and increased scores, indicating
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FIGURE 2 Suppression of miR-130a improves neurological deficit in rats with MCAO. A: Neurological deficit scores of rats in each group;
B, Comparisons of spatial learning and memory function (latency and times of crossing the platforms) of rats in each group; C, Water content
of brain tissues of rats in each group; D, HE staining of the brain tissues of rats in each group (x 400); E, Comparisons of TTC staining and
MCAO ratio in the brain tissues in each group; F, Comparisons of TUNEL staining and apoptotic index in the brain tissues in each group (x
400); G, Expression of Caspase-3, Bax and Bcl-2 detected by Western blot analysis. *P < 0.05 vs the sham group; *P < 0.05 vs the MCAO
group. The results were expressed as mean + standard deviation and comparisons among groups by one-way ANOVA, followed by Tukey's

post hoc test

a successful modelling. Outcomes of RT-gPCR and Western blot
analysis (Figure 1B,C) showed that MCAO rats had up-regulated
miR-130a and down-regulated XIAP versus those in the sham
group (both P < 0.05). Through searching the TargetScan da-
tabase, we found that XIAP was a potential target gene of miR-
130a (Figure 1D). It was further confirmed that co-transfection of
miR-130a mimics and XIAP-Wt suppressed the luciferase activity
(P < 0.05), while the co-transfection of miR-130a mimics and XIAP-
Mut did not affect the luciferase activity (P > 0.05). The luciferase
activity did not obviously vary in the mimics NC co-transfection
groups (P > 0.05). These data indicate that miR-130a targets XIAP
(Figure 1).

Results of RT-gPCR and Western blot analysis after interference
(Figure 1F,G) revealed that miR-130a and XIAP expression showed
no significant difference among the MCAO, MCAO + mimics NC
and MCAO + inhibitors NC groups (both P > 0.05). MiR-130a mim-
ics up-regulated miR-130a and down-regulated XIAP in MCAO
rats, while miR-130a inhibitors had totally opposite effects on miR-
130a and XIAP expression in MCAO rats (both P < 0.05). Versus
the MCAO + miR-130a inhibitors group, miR-130a and XIAP ex-
pression had no broad difference in the MCAO + miR-130a inhib-
itors + siRNA NC group (both P > 0.05); miR-130a did not markedly
change (P > 0.05) and XIAP was down-regulated (P < 0.05) in the
MCAO + miR-130a inhibitors + XIAP siRNA group.
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3.2 | Inhibition of miR-130a improves neurological
deficit in MCAO rats

The neurological function scores of the rats in each group were ob-
served 24 hours after ischaemia. The results revealed (Figure 2A)
that the MCAO group had higher scores than the sham group. In
contrast to the MCAO group, scores of the MCAO + miR-130a mim-
ics group rose dramatically, and scores of the MCAO + miR-130a in-
hibitors group noticeably reduced (all P < 0.05), while scores of the
MCAO + mimics NC group and the MCAO + inhibitors NC group
were not obviously different (P > 0.05).

Seven days after grouping, the spatial learning and mem-
ory function of the rats were detected. The results indicated that
(Figure 2B) there were prolonged latency and significantly reduced
times of crossing the platform in the MCAO group in contrast to
the sham group (all P < 0.05). Versus the MCAO group, prolonged
latency and decreased times of crossing the platform occurred in
the MCAO + miR-130a mimics group while shortened latency and
increased times of crossing the platform in the MCAO + miR-130a
inhibitors group (all P < 0.05). The latency and times of crossing the
platform in the MCAO + mimics NC group and MCAO + inhibitors
NC group exhibited no difference (both P > 0.05). It is suggested that
inhibited miR-130a can improve the learning and memory ability of
rats with MCAO.

Brain tissue water content test revealed that (Figure 2C) water
content in brain tissues in the sham group was lower than the MCAO
group (P < 0.05). The water content in brain tissues was higher in
the MCAO + miR-130a mimics group and lower in the MCAO + miR-
130a inhibitors group versus that in the MCAO group (all P < 0.05).
The brain tissue water content showed no apparent difference be-
tween the MCAO + mimics NC and MCAO + inhibitors NC groups
(P> 0.05).

HE staining indicated that (Figure 2D) the neurons in the cere-
bral cortex of the sham group densely arranged and had integrate
morphology, large and round nuclei with clear outline, and obvi-
ous nucleolus. In the MCAO, MCAO + mimics NC and MCAO + in-
hibitors NC groups, neurons in the ischaemic cortex had atrophic
morphology, accompanied by nuclear pyknosis, fragmentation
and dissolution. In comparison with the MCAO group, there were
more pathological changes in ischaemic cerebral cortex tissues
in the MCAO + miR-130a mimics group: large area liquefying ne-
crotic focus, inflammatory infiltration and neuronal atrophy and
dissolution. Neurons in the MCAO + miR-130a inhibitors group
showed mild oedema, complete outline and obvious nucleolus,
and a small number of neurons exhibited atrophic morphology and

karyopyknosis.

TTC staining showed (Figure 2E) that in the sham group, the
tissue in the brain hemisphere on the ischaemic side was red, sug-
gesting no infarction, while there were white areas showing the ap-
pearance of infarction in the MCAO group. Versus the MCAO group,
the brain infarction rate markedly rose in the MCAO + miR-130a
mimics group and dramatically declined in the MCAO + miR-130a
inhibitors group (P < 0.05). The brain infarction rate was almost the
same as that in the MCAO + mimics NC group and MCAO + inhibi-
tors NC group (P > 0.05).

TUNEL staining showed (Figure 2F) that there was little TUNEL-
positive cells expression in the sham group; however, the apoptotic
index in the MCAOQ group was higher than the sham group (P < 0.05).
Versus the MCAO group, the MCAO + miR-130a mimics had higher
apoptotic index, while the MCAO + miR-130a inhibitors group had
lower apoptotic index (both P < 0.05). The apoptotic index showed
no considerable difference between the MCAO + mimics NC and
MCAO + inhibitors NC groups (P > 0.05).

Western blot analysis revealed (Figure 2G) that apoptosis-related
protein (Caspase-3 and Bax) expression dramatically increased and
Bcl-2 expression markedly diminished in the MCAO group relative to
the sham group (all P < 0.05). Versus the MCAO group, Caspase-3 and
Bax expression rose greatly and Bcl-2 expression greatly declined in
the MCAO + miR-130a mimics group, while Caspase-3 and Bax ex-
pression diminished and Bcl-2 expression rose in the MCAO + miR-
130a inhibitors group (all P < 0.05), but Caspase-3, Bax and Bcl-2
expression in the MCAO + mimics NC group and MCAO + inhibitors
NC group showed no significance (all P > 0.05). It is suggested that

suppression of miR-130a can improve nerve damage in MCAO rats.

3.3 | Suppressed miR-130a promotes the
proliferation and differentiation of NSCs in the brain
tissues in MCAO rats

Double-labelling immunofluorescence assay (Figure 3A,B) indicated
that the numbers of DCX/BrdU double-positive cells and NeuN/
BrdU double-positive cells were reduced in ischaemic cerebral
cortex tissues of the sham group, which was less than those in the
MCAO group. However, compared to the MCAO group, the numbers
of DCX/BrdU double-positive cells and NeuN/BrdU double-positive
cells were decreased in the MCAO + miR-130a mimics group and
further increased in the MCAO + miR-130a inhibitors group (all
P < 0.05). The numbers of DCX/BrdU double-positive cells and
NeuN/BrdU double-positive cells exhibited no remarkable differ-
ence among the MCAO, MCAO + mimics NC and MCAO + inhibi-
tors NC groups (all P > 0.05).

FIGURE 3

Inhibition of miR-130a promotes the proliferation and differentiation of NSCs in the brain tissues in rats with MCAO. A,

Proliferation and differentiation of endogenous NSCs in the brain tissues by double-labelling immunofluorescence assay; B. Quantification
results in Panel A; C & D, Detection of neurotrophic factor (BDNF and NGF) expression by RT-gPCR and Western blot analysis; E, Evaluation
of the microvessel density in the brain infarction area by immunofluorescence staining; F, Statistical results of Panel E; G & H, Detection of
angiogenesis-related factor (VEGF and HGF) expression by RT-qPCR and Western blot analysis. *P < 0.05 vs the sham group; #P < 0.05 vs
the MCAO group. The results were expressed as mean + standard deviation and comparisons among groups by one-way ANOVA, followed

by Tukey's post hoc test
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Neurotrophin (BDNF and NGF) expression was detected
(Figure 3C,D). It was shown that the MCAO rats had higher BDNF
and NGF expression than those in the sham group, and this increase
in BDNF and NGF expression in MCAO rats was suppressed by
miR-130a mimics, while was promoted by miR-130a inhibitors (all
P < 0.05). There was no obvious difference in BDNF and NGF ex-
pression among the MCAO, MCAO + mimics NC and MCAOQO + in-
hibitors NC groups (both P > 0.05).

It has been validated that angiogenesis plays a vital role in neu-
rological functional restoration after cerebral infarction.?® In the
present study, we selected CD31 as the endothelial cell marker and
a-SMA as the pericyte marker, and the cerebral ischaemic cortex
penumbra region was performed with CD31 and a-SMA immuno-
fluorescent double staining to measure the microvessel density.
We discovered that (Figure 3E,F) there were fewer new vessels oc-
curring in the brain tissues of the sham group, but a large number
around the lesion in the MCAO group (CD31/a-SMA double pos-
itive). In contrast to the MCAQ group, the number of new vessels
was diminished in the MCAO + miR-130a mimics group, and was
increased in the MCAO + miR-130a inhibitors group (both P < 0.05).
The number of new vessels showed no evident difference among
the MCAO, MCAO + mimics NC and MCAO + inhibitors NC groups
(P> 0.05).

VEGF and HGF expression was detected (Figure 3G,H).
Compared with the sham group, VEGF and HGF expression was
increased in the MCAO group (both P < 0.05). VEGF and HGF ex-
pression was diminished in the MCAO + miR-130a mimics group
and was increased in the MCAO + miR-130a inhibitor group ver-
sus the MCAO group (all P < 0.05). Apparent difference could
not be found in VEGF and HGF expression among the MCAO,
MCAO + mimics NC and MCAO + inhibitors NC groups (both
P > 0.05). These results illustrate that the inhibited miR-130a pro-
motes the proliferation and differentiation of NSCs in the brain
tissue in MCAO rats.

3.4 | Inhibited XIAP reverses the effect of inhibited
miR-130a on neurological function and angiogenesis
in MCAO rats

In contrast to the MCAO + miR-130a inhibitors group, there was re-
duced XIAP expression in the MCAO + miR-130a inhibitors + XIAP
siRNA group, along with increased neurological function score,
latency, water content of brain tissues, aggravated pathological
changes, increased number of necrotic cells, apoptotic index, in-
cremental cerebral infarction rate and Caspase-3 and Bax expres-
sion, and decreased times of crossing platforms, Bcl-2, BDNF and
NGF expression, DCX/BrdU and NeuN/BrdU double-positive cells,
VEGF and HGF expression, and new blood vessels (all P < 0.05).
Nevertheless, there was no marked change in all corresponding in-
dices in the MCAO + miR-130a inhibitors + siRNA NC group versus
the MCAO + miR-130a inhibitors group (all P > 0.05) (Figure 4A-K).

These findings reveal that inhibition of XIAP can reverse the effect

of suppressed miR-130a on neurological function and angiogenesis
in rats with MCAO.

3.5 | Suppressed miR-130a promotes neuron
viability and decelerates apoptosis in a cell model of
OGD, and reduced XIAP abolished these effects

The rat primary neurons cultured for 5-6 d were observed. The cells
were triangular, fusiform and irregular with well stereopsis and re-
fraction. The processes were extremely developed and connected
with each other to form dense network of nerve fibres. The back-
ground was clean (Figure 5A). MAP-2 was used to identify the neu-
rons cultured for 10 d. The MAP-2 specific protein labelled by Cy3
expressed in the cytoplasm of neurons and was stained into orange
red. It could be seen that the morphology of cultured neurons was
typical and the cells were connected into a network (Figure 5B), sug-
gesting that the cultured neurons had well purity and could be used
in subsequent experiments.

MiR-130a and XIAP expression in neurons was determined. We
found that (Figure 5C,D) the neurons in the OGD group had higher
miR-130a expression and lower XIAP expression than those in the
control group (both P < 0.05). miR-130a and XIAP expression ex-
hibited no marked difference among the OGD, OGD + mimics NC
and OGD + inhibitors NC groups (both P > 0.05). miR-130a mimics
up-regulated miR-130a and down-regulated XIAP, and miR-130a in-
hibitors had opposite effects on miR-130a and XIAP expression (both
P < 0.05). Versus the OGD + miR-130a inhibitors group, miR-130a
and XIAP expression did not evidently change in the OGD + miR-
130a inhibitors + siRNA NC group (both P > 0.05), miR-130a ex-
pression presented no obvious difference (P > 0.05) while XIAP was
down-regulated (P < 0.05) in the OGD + miR-130a inhibitors + XIAP
siRNA group.

The neuron viability and apoptosis were assessed. The results
(Figure 5E,F)implied that OGD-treated neurons had reduced viability
and promoted apoptosis rate versus those in the control group (both
P < 0.05). The viability and apoptosis rate showed no remarkable dif-
ference among the OGD, OGD + mimics NC and OGD + inhibitors
NC groups (both P > 0.05). In a cell model of OGD, miR-130a mimic
suppressed neuron viability and promoted apoptosis rate, whereas
miR-130a inhibitors exerted reverse effect on neuron viability and
apoptosis rate (both P < 0.05). Contrasted to the OGD + miR-130a
inhibitors group, neuron viability and apoptosis rate did not change
in the OGD + miR-130a inhibitors + siRNA NC group (both P > 0.05),
but the neuron viability was suppressed and the apoptosis rate was
elevated in the OGD + miR-130a inhibitors + XIAP siRNA group
(both P < 0.05).

4 | DISCUSSION

Ischaemic stroke, the most universal kind of stroke, may arise

while a blood vessel in the brain is occluded.?* Among numerous
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FIGURE 4 Inhibited XIAP reverses the effect of inhibited miR-130a on neurological function and angiogenesis in rats with MCAO. A,

Neurological function scores in each group; B, Spatial learning and memory function (latency and times of crossing the platforms) of rats

in each group; C, Water content of brain tissue in each group; D, HE staining of brain tissues in each group (x 400); E, Comparisons of TTC
staining and infarction ratio in the brain tissues in each group; F, Comparisons of TUNEL staining and the apoptotic index in the brain tissues
in each group of rats (x 400); G, Expression of Caspase-3, Bax and Bcl-2 detected by Western blot analysis; H, Detection of proliferation
and differentiation of endogenous NSCs in the brain tissues by double-labelling immunofluorescence assay as well as its statistics analysis;

I, Expression of neurotrophic factors (BDNF and NGF) in the brain tissues in each group; J, Evaluation of microvessel density in the brain
infarction area by immunofluorescence staining; K, Expression of VEGF and HGF in the brain tissues in each group; #P < 0.05 vs the

MCAOQO + miR-130a inhibitors group. The results were expressed as mean + standard deviation and comparisons among groups by one-way

ANOVA, followed by Tukey's post hoc test

factors that result in ischaemic stroke, gender and age are the
most influential ones, followed by other factors such as alcohol-
ism and smoking.?® In recent years, miRNAs have been proposed
to be tightly correlated with ischaemic stroke.?¢ Importantly, miR-
130a was implicated in ischaemic stroke'® and cerebral ischaemia-
induced blood-brain barrier permeability.!! Nevertheless, the role
of miR-130a targeting XIAP in ischaemic stroke remains largely
unknown. Thus, we aim to explore the role of miR-130a in the
neurological deficit and angiogenesis in MCAO rats via targeting

XIAP. Collectively, our study unravelled that miR-130a regulated

neurological deficit and angiogenesis in rats with MCAO by tar-
geting XIAP.

One significant finding in our study is that miR-130a was up-reg-
ulated while XIAP was down-regulated in MCAO rats. Concurring
with our study, a previous study has suggested that miR-130a is
overexpressed in rats with transient MCAO when hypoxia occurs
and in acute ischaemic stroke patients’ serum,'! and Wang et al have
found that high serum miR-130a levels were associated with severe
perihematomal oedema and predicted adverse outcome in acute in-

tracerebral haemorrhage.27 There has been a study revealing that
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Annexin V

FIGURE 5 Suppressed miR-130a promotes neuron viability and decelerates apoptosis of in a cell mode of OGD, and reduced XIAP
abolished these effects. A, Primary neurons (x 200); B, Neurons were identified by immunohistochemical staining (x 200); C, miR-130a and
XIAP expression in neurons was determined using RT-qPCR; D, XIAP protein expression in neurons was assessed by Western blot analysis;
E, The neuron viability was measured by MTT assay; F, Flow cytometry was used to assess the apoptosis rate of neurons. a, P < 0.05 vs

the control group; b, P < 0.05 vs the OGD group; ¢, P < 0.05 vs the OGD + miR-130a inhibitors group. The results were expressed as

mean + standard deviation and comparisons among groups by one-way ANOVA, followed by Tukey's post hoc test

XIAP is declined in rats suffering from cerebral ischaemia reperfu-
sion injury,?® and a previous study has clarified that XIAP protein
levels were decreased in both sexes after stroke.'® Additionally, this
study showed that miR-130a inhibited XIAP expression, and XIAP
was a target gene of miR-130a. Similarly, it is indicated that miR-130a
targets XIAP so as to regulate cisplatin chemosensitivity in the cells
ovarian cancer.*®

Brain-derived neurotrophic factor is a neurotrophin which ex-

erts significant functions on development and neuroplasticity of

neurons and changes in BDNF expression are implicated in various
psychiatric and neurological disorders.?’ NGF is neuroprotective,
namely capable of diminishing cell death in vitro usually determined
within the first 48 hours’ plating.3® Thus, we detected expression
of BDNF and NGF in brain tissues of MCAO rats to reveal the roles
of miR-130a and XIAP in biological functions of NSCs. Our results
indicated that down-regulated miR-130a suppressed angiogenesis
and improved neurological deficit and NSC proliferation and dif-

ferentiation in the brain tissues of MCAO rats. The in vitro assays
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indicated that miR-130a inhibition promoted neuron viability and
decelerated apoptosis in a cell model of OGD. Similarly, it has been
proposed by Yang et al that exosome-derived miR-130a activated
angiogenesis in gastric cancer in vascular endothelial cells,®! and
a recent study has revealed that lithium-containing biomaterials
stimulated bone marrow stromal cell-derived exosomal miR-130a
secretion to promote angiogenesis.32 Moreover, miR-130a has also
been unravelled to increase osteogenic differentiation and attenu-
ate adipogenic differentiation of bone marrow mesenchymal stem
cells.®® In addition, Li et al have found that miR-130a inhibition
protected rat cardiac myocytes from hypoxia-triggered apopto-
sis,®* and it has been uncovered that miR-130a alleviated neuronal
apoptosis and changes in expression of Bcl-2/Bax and Caspase-3 in
cerebral infarction rats.®®

We conducted further experiments to discover that inhibited
XIAP reversed the effect of suppressed miR-130a on MCAO rats
and OGD-treated neurons. As previously described, up-regulated
XIAP can lead to cell death in hippocampal cultures exposed to OGD,
prevention of oxidative stress, cytochrome c release reduction, and
decrease of injury in males that suffered from stroke.r® In line with
our study, XIAP has been validated to suppress Caspase-3 together
with Caspase-7 employing its 2nd baculovirus IAP repeat domain.
It has been also verified that XIAP can increase BDNF expression via
the modulation of NF-«xB.%’

In conclusion, our study verified that miR-130a regulated neu-
rological deficit and angiogenesis in rats with MCAO by targeting
XIAP. Our findings provide new clues for the role of miR-130a/XIAP
axis in MCAO rats and create new inspirations for the treatment of
ischaemic stroke, which is of great realistic significance. However,
further research is expected to better elucidate the impacts of miR-
130a on ischaemic stroke.
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