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Abstract. - OBJECTIVE: The aim of this study
was to explore the effect of micro ribonucleic ac-
id (miR)-210 on neuronal apoptosis in rats with
cerebral infarction (Cl) by regulating the vascu-
lar endothelial growth factor (VEGF)-Notch sig-
naling pathway.

MATERIALS AND METHODS: A total of 30
clean healthy male Sprague-Dawley rats weigh-
ing 200-300 g were selected and randomly divid-
ed into Sham group (n=10), Cl model group (CIM
group, n=10), and CIM + miR-210 Mimic group
(n=10). The protein expression levels of VEGF,
Notchi, cleaved-Caspase3 (c-Caspase3),
lymphoma-2 (Bcl-2), and tubulin were de
via Western blotting. The messenger RNA
NA) levels of VEGF and Notch1l were dete
via quantitative Polymerase Chain Reaction
CR). Meanwhile, the expression _leye
and Notch1 in tissues were
immunohistochemistry. Fur

V-FITC, propidium iodid
and flow cytometry.
RESULTS: The |

compared with
However, thei

). The mRNA ex-
were evidently

oup (p<0.01), whereas they
downtegulated in the CIM +
CIM group (p<0.05).
results indicated that
of VEGF and Notch1 in
tent with Western blotting
the protein expressions of
and Bcl-2 were remarkably higher

v oup than Sham group (p<0.01).
owever, they were significantly lower in the
+ miR-210 Mimic group than those in the
group (p<0.05). In addition, flow cytom-
esults demonstrated that the apopto-
sis level increased significantly in CIM group
when compared with the Sham group (p<0.05),

Corresponding Author: Weiye Yang, MM; e-mail: 4374853 1@qq.com

while it was
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uce the pro-
and Notch1, inhibit the
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y suppressing cerebral neu-
preventing Cl-induced neu-

Introduction

Micro ribonucleic acids (miRNAs) are a
kind of endogenous non-coding single-stranded
small-molecule RNAs with 19-22 nt in length.
They can regulate the expression of target genes
at the transcriptional level'. MiRNAs were first
discovered in the Caenorhabditis elegans in 1993.
Since then, various miRNAs were found in the
fruit flies, zebrafish, and mammals, as well as
human body. MiRNAs mainly bind to the 3’-un-
translated region (3’-UTR) of target genes, there-
by leading to direct degradation or inhibition on
translation of messenger RNAs (mRNAs) and
regulating the gene expression at the transcrip-
tional level. MiRNAs play extremely important
roles in many biological processes, such as cell
proliferation, differentiation, and apoptosis**.

As a member of the miRNA family, miR-210
is recognized as a small RNA molecule associ-
ated with hypoxia®®. In cerebral infarction (CI),
hypoxia can induce the high expression of hypox-
ia-inducible factor (HIF). Meanwhile, the expres-
sion level of miR-210 is also significantly upregu-
lated. Therefore, miR-210 plays an important role
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in resisting Cl-induced apoptosis’. In addition,
miR-210 has been confirmed associated with cell
proliferation and migration and drug sensitivity
in breast cancer, serving as a marker for early de-
tection and diagnosis of malignant tumors.

Clinically, severe infection, poisoning, shock,
and surgery can cause acute insufficient blood
supply in brain tissues. This may ultimately lead
to CI, which is a major disease seriously threat-
ening human health. In the vascular endothelial
growth factor (VEGF)-Notch signaling pathway,
VEGEF is an important regulator of angiogenesis®.
The activation of VEGF-Notch promote vascular
proliferation and alleviate cardiovascular diseas-
es, such as vascular dysfunction. Therefore, the
VEGF-Notch signaling pathway is of great im-
portance in regulating insufficient cerebral blood
supply and CIL. In the present study, we aimed to
investigate whether increased miR-210 caused by
insufficient cerebral oxygen supply could improve
CI by regulating the VEGF-Notch pathway.

Materials and Methods

Animal Feeding, Treatment
and Grouping

The Sprague-Dawley (SD) rats purchased
Shanghai Bioray Laboratory Co., Ltd (Shang
China) were fed in the specific p3 e

groups, including:
el | group (CIM gr

operations
idelines for laboratory animal
| Institute. This study

nd placed at room temperature for
h to form thrombus. Subsequently, blood clot
spirated using the syringe into normal saline

embolus suspension. Next, 0.2 mL of suspension
(100-250 um of embolus) was aspirated into the
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common carotid artery (CCA) to induce multiple
CI. Finally, the rat model of CIM was successfully
established.

Detection of Protein in Brain
Tissues Via Western Blotting

was measured using t
protein assay kit (Pie
protein samples

A). The membranes were
antibodies of VEGF,
-Caspase3), B-cell
homa-2 (Bcl-2), and tubulin (CST, Danvers,
, USA) at 4°(governight. After washing, the
branes were Jcubated again with horserad-
i gated secondary antibodies
, USA) for 1 h. Immuno-reac-
nally exposed by the enhanced
iluminescence (ECL) technique.

etection of mRNA Expression

Levels of VEGF and Notchl1 Via
Quantitative Polymerase Chain Reaction
(qPCR)

The mRNAs in brain nerve tissues were first
extracted using the TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). Subsequently, extracted
RNA was reversely transcribed into complemen-
tary deoxyribose nucleic acid (¢cDNA) according
to the instructions. Next, 500 ng of RNAs were
added with 2 pL of 5 x PrimeScript RT Master
Mix, followed by PCR amplification. The reac-
tion system (20 pL in total) was prepared, includ-
ing 2 uL of ¢cDNA, 10 uL of SYBR Premix Ex
Taq II (Tli RNaseH Plus) (2x), 0.8 pL of forward
primers, 0.8 pL of reverse primers, 0.4 pL of ROX
Reference Dye II (50x), and deionized water was
added till the total volume was 20 uL. The mRNA
expression levels were calculated, with -actin as
an internal reference. Primer sequences used in
this study were shown in Table I.

Immunohistochemistry of Brain Tissues
Paraffin sections were routinely prepared, de-
paraffinized, and incubated with 3% H,0,-60%
methanol at room temperature for 30 min. After
washing with phosphate-buffered saline (PBS) for
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Table I. Primer sequences of genes.

Gene Forward primer (5'-3') Reverse primer (5'-3’)

VEGF AAGGGAGAGGAGCCCGCCAAG TTTCTGCTCCCTTCTGTCGTG
Notchl AGAACTGTGAAGAAAATGTGG GCCACCGTGGGAGTTGTGGC
B-actin GCAGAAGGAGATTACTGCCCT GCTGATCCACATCTGCTGGAA

3 times, the sections were transparentized with 0.1%
Triton X 100 + PBS for 20 min and incubated with
5% normal goat serum at room temperature for 20
min. Subsequently, the sections were added with
rabbit anti-mouse VEGF and Notchl polyclonal an-
tibodies (1:200) at 4°C overnight. On the next day,
the sections were added dropwise with biotinylated
goat anti-rabbit IgG secondary antibody for 1 h of
incubation at 37°C. Then, they were washed with
PBS for 3 times, and added dropwise with horserad-
ish peroxidase-labeled streptomycin antibody for 30
min of incubation at 37°C. After that, the sections
were stained with diaminobenzidine (DAB) in the
dark at room temperature, followed by hematoxylin
counterstaining for 30 min, dehydration with etha-
nol in conventional gradient, transparentizing with
xylene, and sealing with neutral balsam. Fina
sections were photographed under the invert
rescence microscope.

Dark brown particles in brain nerve ti
indicated positive expresswn The mean o
cal densr[y (OD) value of immnysssss

lowed by semi- quantlta‘u
Notchl protein expres

and collected Ad-
psin containing

¢ and counted, followed
rpm for 5 min. A total of

of bindin®buffer. After mixing evenly with
Bissin V-Light 650 and 10 pL of propid-

PT), the mixture was incubated at room
perature in the dark for 5-15 min. Flow cytom-

through the FL4 channel, while the PI fluorescence
signal was detected through the FL2 or FL.3 channel.

tubes were determined si
the fluorescence comp

. t-test was performed to
tween the two groups.

-210 on Protein Levels
VEGF and Notchl in VEGF-Notch
Pathway

oteins were extracted from brain nerve
tissues and detected via Western blotting. The re-
sults showed that the levels of VEGF and Notchl
increased significantly in CIM group when com-
pared with Sham group (p<0.01). However, they
were remarkably downregulated in CIM + miR-
210 Mimic group than CIM group (p<0.05).
These findings indicated that CIM could activate
the VEGF-Notch signaling pathway by elevat-
ing the protein expression levels of VEGF and
Notchl, while miR-210 could inhibit CIM-in-
duced activation of the VEGF-Notch signaling
pathway (Figure 1).

Effects of MiR-210 on mRNA Levels
of VEGF and Notchl in VEGF-Notch
Signaling Pathway

The mRNA levels of VEGF and Notchl in
brain tissues were determined via qPCR. It was
found that the mRNA expressions of VEGF and
Notchl were significantly upregulated in CIM
group compared with those in the Sham group
(p<0.01). However, they decreased significant-
ly in CIM + miR-210 Mimic group than CIM
group (p<0.05). These results suggested that CIM
could increase, while miR-210 could decrease the
mRNA levels of VEGF and Notchl (Figure 2).
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Figure 1. Effects of miR-210 on protein levels of VEGF and Notchl in VEGF-Notc,
VEGF, Notchl, and tubulin detected via Western blot. B, Quantitative diagram o
group, *p<0.05: CIM + miR-210 Mimic group vs. CIM group.

Expression Levels of VEGF and Notchl
in VEGF-Notch Signaling Pathway
Detected Via Immunohistochemistry

The expression levels of VEGF and Notchl in
brain tissues were then detected via immunohisto-
chemistry. Similarly, the results were consistent with
those determined by Western blotting (Figure

in CIM + miR-210 Mimic
up (p<0.05), demonstrating
nhibit apoptosis (Figure 4).

ptosis of brain nerve tissues was de-
Annexin V-FITC and PI double label-
ing and flow cytometry. The results showed that
the apoptosis level was significantly elevated in
CIM group compared with Sham group (»<0.05).
However, it was remarkably inhibited in CIM +
miR-210 Mimic group, suggesting that miR-210
could suppress apoptosis (Figure 5).

Effects of MiR-210 on Expression
Levels of Apoptosis-Related
Factors c-Caspase3 and Bcl-2
in Each Group

In addition, the expressig
lated factors were detected
vealed that the protein e

Diagram of Mechanism
of Action of MiR-210

The diagram of mechanism of action of miR-
210 was finally plotted. The results demonstrated
that miR-210 could reduce the protein expressions
of VEGF and Notchl, inhibit the VEGF-Notch
signaling pathway, decrease the expression of
pro-apoptotic factor c-Caspase3, and increase the
expression of anti-apoptotic factor Bcl-2, thereby
suppressing cerebral neuronal apoptosis and pre-
venting Cl-induced neuronal apoptosis (Figure 6).

RNA expression

CIM+miR-210 Mimic Discussion

2 2. Effects of miR-210 on mRNA levels of VEGF MiRNAs are short non_COdmg RNAs (19_22

Pichl in VEGF-Notch signaling pathway. *p<0.01: nt ir} length) inyolved in post-trapscriptional reg-
CIM group vs. Sham group, 2p<0.05: CIM + miR-210 Mim- ulation of multiple gene expressions by affecting
ic group vs. CIM group. the stability and translation of mRNA®!!, MiR-
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sham CIM CIM+miR-210 Mimic

ues detected via immunohistochem-
tochemistry (magnification: 400x).

Figure 3. Expression levels of VEGF and Notchl in VEGF-Notch
istry. The expression levels of VEGF and Notchl in brain tissues ar

e target mRNAs through incom-
alote base pairing with miRNA. Meanwhile, the
gon results are inhibited translation or
anslation of target mRNAs.

As a member of the miRNA family, miR-210
is currently recognized as a small RNA molecule
associated with hypoxia'?. It has been reported'*!
that after silencing the expression of miR-210
in liver cancer tissues using the anti-nucleotide
technique, the proliferation ability of the liver

cleaved by the Drosha ribonuclease III enz
The stem-loop precursor miRNA (pre-miR
(about 70 nt) is produced and clas

ing mature miRNAs and
(miRNA*). Mature miR
into the RNA-inducedgi
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Figu®€ 4. Effects of miR-210 on expression levels of apoptosis-related factors c-Caspase3 and Bcl-2 in each group. A, Protein
expression levels of c-Caspase3 and Bcl-2 detected via Western blotting. B, Quantitative diagram of Figure 4A. *p<0.01: CIM
group vs. Sham group, 2p<0.05: CIM + miR-210 Mimic group vs. CIM group.
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Figure 5. Effect of miR-210 on apoptosis level i
labeling. B, Quantitative diagram of Figure 4A. *p
vs. CIM group.

apy is remarkably enha
miR-210 plays an imp
proliferation and ap
sitivity and angio
positively assocg

d malignant tumors'é-*®,

ely existed in vertebrates and
he changes in Notch signals are
) d to the occurrence and development
diseases, including tumors, hereditary diseas-
geurodegenerative diseases and cardiovascu-
W cerebrovascular diseases. VEGF acts as
an important regulator of angiogenesis, and the
activation of VEGF-Notch can promote vascular

ected via Annexin V-FITC and PI double
ham group, 2p<0.05: CIM + miR-210 Mimic group
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Figure 6. Diagram of mechanism of action of miR-210 in
regulating VEGF-Notch signaling pathway.
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proliferation. Moreover, miR-210 improves cell
hypoxia in CI through targeting the VEGF-Notch
signaling pathway.

In the present study, SD rats were divided into
Sham group, CIM group, and CIM + miR-210
Mimic group. Western blotting results indicated
that the protein expression levels of VEGF and
Notchl were significantly upregulated in CIM
group when compared with Sham group. Howev-
er, they significantly declined in CIM + miR-210
Mimic group. The results of gPCR manifested
that the mRNA expressions of VEGF and Notchl
were evidently upregulated in CIM group, where-
as were downregulated in CIM + miR-210 Mimic
group. Immunohistochemical results were con-
sistent with Western blotting results. All these
findings indicated that CIM could activate the
VEGEF-Notch signaling pathway, while miR-210
Mimic could inhibit it. Furthermore, flow cytom-
etry results demonstrated that the apoptosis level
increased significantly in CIM group when com-
pared with Sham group, while it was remarkably
inhibited in CIM + miR-210 Mimic group.

Conclusions

Briefly, miR-210 can reduce the protei
pressions of VEGF and Notchl, inhibit the VE
Notch signaling pathway, decregsg

ve no conflict of interest.
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