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Abstract

MicroRNAs (miRNAs) are small noncoding single-stranded RNA molecules
that act as negative regulators of gene expression and modulate the stability
and/or the translational efficiency of target messenger RNAs. Studies have
shown that miRNAs control diverse aspects of brain disease. In this study, the
expression of miR-124 was investigated to explore the possible impacts of
them on cerebral hypoperfusion. The model of aging rats with cerebral hypo-
perfusion was established by permanent occlusion of bilateral common caro-
tid arteries (2VO). The expression of miR-124 was determined by real-time
PCR. Cell cycle analysis was performed by fluorescence-activated cell sorting
(FACS). Results showed that compared with control group, the expression of
miR-124 decreased at early stage after operation in 2VO rats, the lowest level
appeared on day 7 (p < 0.05). Then the expression of miR-124 increased
slightly on day 14. Overexpression of miR-124 in SH-SY5Y cell exposed to
oxygen and glucose deprivation (OGD) induced cell cycle arrested in Gl
phase. MiR-124 is potentially involved in cerebral hypoperfusion progression
which may provide a novel therapeutic strategy for treatment of cerebral hy-
poperfusion.
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1. Introduction

MicroRNAs (miRNAs) are 20- to 22-nucleotide RNAs that regulate the expres-
sion of multiple target genes by repressing translation and inducing mRNA de-

gradations through binding to the 3 untranslated region (UTR) of target genes

[1]. Negative regulation of gene expression by miRNAs occurs in a variety of bi-
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ological processes including differentiation, morphogenesis, proliferation and
apoptosis. However, recent researches have also found that this regulation may
be a positive activation [2]. MiR-124 (also called miR-124a) is the most abun-
dant miRNAs in the brain. It is considered neuron specific because it is not ex-
pressed by astrocytes. Studies have shown that miRNA plays an important role
in the development of ischemic brain injury [3]. In this study, the change of
miR-124 expression and its role in cell cycle were observed in experimental ce-
rebral hypoperfusion. The correlations were investigated to clarify the potential

target for cerebral hypoperfusion treatment.

2. Materials and Methods

2.1. Animals

Fifty 12-month-old ageing male Sprague-Dawley rats (450 to 500 g) were ob-
tained from the laboratory animal center of Chongqing Medical University
(Animal license: No. SCXK 07-0001). Their use was approved by the Animal
Ethics Committee of Chongqing Medical University.

2.2. Experimental Design

The model of ageing rats with cerebral hypoperfusion was established by per-
manent occlusion of bilateral common carotid arteries (2VO). In brief, after in-
duction of anesthesia with chloral hydrate (350 mg/kg, intraperitoneal (i.p.)),
both common carotid arteries were exposed through a midline ventral incision
and permanently ligated with silk suture. The surgical wound was then sutured.
After operation, alive rats were randomly divided into 2VO group (1.7, 14, 21
and 28 days after operation). The sham-operation group underwent an identical

procedure without ligation of the bilateral common carotid arteries.

2.3. Determination of Cerebral Cortex Blood Flow

Rats were sacrificed and the brain was taken out completely. Image Launcher
Software 1.4 Software was used to analyze brain tissue images of rats, and the

changes of cerebral cortex blood flow were analyzed.

2.4. Hematoxylin-Eosin (HE) Staining

The brain was fixed with 4% PFA, dehydrated and embedded in paraffin.
Two-micrometer frozen sections were prepared, and HE staining was performed
to assess pathological changes in the CA1l regions of hippocampal tissue by light

microscopy.

2.5. Quantification of miR-124 Expression by Real-Time PCR

The standard SYBR Green RT-PCR detection method was used for real-time
PCR. Through CFX-96, real-time quantitative RT-PCR amplification was carried
out. The threshold cycle (Ct) values were automatically determined for each

reaction by the Mastercycler EP Realplex real-time PCR system (Eppendorf) set
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with default parameters. U6 RNA was used as the internal reference.

2.6. Cell Cycle Analysis

SH-SY5Y cells transfected with pre-miR-124 by lipidosome to overexpress
miR-124. SH-SY5Y-miR-124 cells and control cells were seeded in 6 well plate
and cultured 24 h. After that, cells were washed with PBS twice. Oxygen and
glucose deprivation (OGD) was induced by incubating the cells for 30 min in a
glucose and serum-free DMEM medium equilibrated with a 94.5% N,/0.5%
0,/5% CO, atmosphere at 37°C. Control group was cultured with DMEM con-
taining glucose and 10% FBS. Cells were harvested, fixed with ice-cold 70% (v/v)
ethanol and stored at 4°C overnight. Fixed cells were washed and resuspended in
PBS and incubated with 20 pg/mL RNase A and 12 pl 10 x PI at 4°C for 30 min.

PI staining was measured at 488 nm with a FACScalibur flow cytometer.

2.7. Statistical Analysis

All data analyses were conducted using SPSS17.0. Statistical comparisons were
performed using the Student’s t-test. The differences between groups were eva-

luated using one-way ANOVA, with P < 0.05 being considered significant.

3. Results
3.1. Cerebral Blood Flow Altered in 2VO Rats

Compared with the sham-operation group, the blood flow in the cerebral cortex
of 2VO rats altered significantly. The blood supply in the temporal region of the
cerebral cortex decreased on day 7 and 14 after operation, and reached to the
lowest level (42%) on day 14 (P < 0.05). Regenerated branch vessels formed in
brain cortex on day 21 and day 28, the blood supply increased but did not re-
cover. The blood supply reached to control group level (96%) on day 28 after

operation.

3.2. Expression of miR-124 in Ischemic Hippocampal Area
Decreased in 2VO Rats

Expression of miR-124 in 2VO group was less than that in sham-operation
group. On day 1 after operation, the expression of miR-124 in 2VO group was
(0.47 £ 0.04) times of sham-operation group (P < 0.05). On day 7 after opera-
tion, the expression of miR-124 in 2VO group continued to decline and was
(0.27 + 0.03) times of sham-operation group (P < 0.05). On day 14 after opera-
tion, the expression of miR-124 in 2VO group increased slightly, but still less
than that in the sham-operation group. These results indicated that the expres-
sion of miR-124 was inhibited in hypoxia environment caused by cerebral
ischemia, and it decreased to the lowest level on day 7 after operation. The ex-
pression of miR-124 gradually recovered to the sham-operation group level after

7 days.
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3.3. Morphological Changes of Brain Tissue in 2VO Rats

Due to cerebral hypoperfusion, pyramid neuron degenerated and lost in CAl
area on day 7 after operation, and several red neurons could be seen on day 14
after operation. The ischemic injury of the pyramidal neurons improved gradu-

ally on day 21 and 28 after operation, but did not restored completely (Figure 1).

3.4. Overexpression of miR-124 Arrested Cell Cycle of SH-SY5Y
Cells

The analogue of miR-124 was transfected in SH-SY5Y cells and OGD was in-
duced. The results showed that overexpression of miR-124 arrested cell cycle in
G1 phase. After exposed to OGD for 24 h and 48 h, SH-SY5Y-miR-124 cells in
G1 phase increased 14% and 16%, respectively (p < 0.05) (Table 1).

4. Discussion

MicroRNAs (miRNAs) are small non-coding RNAs that negatively regulate gene
expression at the post-transcriptional level [4]. They are involved in important
biological processes including development, homeostasis, and ageing. It is now
evident that miRNAs are able to regulate the expression of at least one third of
the human genome and play a critical role in a variety of normal biological
processes, including cell differentiation, apoptosis, development, and metabol-
ism. MiR-124 is the most abundant miRNAs expressed in the brain, it is
enriched in the CNS with more than 100 times higher than that in other organs
and accounting for more than a quarter of all brain miRs [5]. It is considered
neuron specific because it is not expressed by astrocytes. The levels of miR-124
increase over time in the developing brain [6]. MiR-124 has been shown to play
a key role in neuronal differentiation and neurogenesis [7]. The present in vivo
studies revealed continuously downregulation of miR-124 in the hippocampus
from acute to chronic phase of hypoxia as well as under Ag insult. However, few
scholars have studied the role of miR-124 in cerebral ischemia.

Permanent bilateral common carotid artery occlusion or two-vessel occlusion

(2VO) model is a classic model of cerebral hypoperfusion, and closely

Day21 Day28

Figure 1. Morphological changes in hippocampal CA1 area (HE staining)
(x400).
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Table 1. Overexpression of miR-124 arrested cell cycle in SH-SY5Y cells.

Cell event (%)

G1 phase S phase G2-M phase
Control 69.7 14.6 15.7
24h Scramble 67.2 16.4 16.2
Pre-miR-124 81.1 6.9 12
Control 53.3 41 0
48h Scramble 63.6 35 1.19
Pre-miR-124 75.8 19.3 4.85

related with vascular dementia and Alzheimer’s disease. In our study we found
that there was a dynamic change of cerebral blood flow from decrease to in-
crease in 2VO rats. The expression of miR-124 also showed this dynamic
change, and the expression of miR-124 decreased to the lowest level on day 7 af-
ter operation (p < 0.05). Due to the significant changes of miR-124 expression in
the ischemic hippocampal area, we further explored the possible biological signi-
ficance of it in sustained cerebral ischemia. It is evident that miR-124 played an
important role in cell proliferation, oxygen-glucose deprivation is a commonly
used model to mimic an ischemic milieu in vitro. So we established OGD model
and transfected plasmid in SH-SY5Y cell to overexpress miR-124. The results
showed that overexpress of miR-124 could arrest SH-SY5Y cell in G1 phase. It
indicated that the decreased expression level of miR-124 might promote the cell
cycle progression, thus played a neuroprotective role in the acute phase of
ischemic brain injury.

In recent years, more and more studies have shown that the expression of
miR-124 in ischemic brain injury was significantly altered, suggesting that
miR-124 closely related to ischemic brain injury. Sun and his colleagues found
the level of miR-124 was significantly increased in ischemic penumbra as com-
pared with that in nonischemic area of middle cerebral artery occlusion
(MCAO) mice. In vitro, miR-124 reduced neuron apoptosis and death induced
by OGD, and antiapoptosis protein Bcl-2 and Bcl-xl increased, respectively [8].
Liu and his colleagues found that miR-124 downregulated inhibitory member of
the apoptosis-stimulating proteins of p53 family (iASPP) and promoted neuron-
al death after cerebral ischemia [9]. Zhu and colleagues validated that knock-
down of cerebral miR-124 could reduce cell death and infarct size and improve
neurological outcomes [10]. Conversely, Doeppner and colleagues found that
viral vector-mediated miR-124 delivery increased the resistance of cultured
OGD cortical neurons in vitro and reduced brain injury [11]. Although these
studies had an opposite result, and mechanism are unclear, miR-124 is still a po-
tential target for treatment of cerebral ischemia or ischemia reperfusion injury

and may provide a new method in clinic.
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