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Background: MiRNA is widely recognized as the most important regulator in various diseases. However, there has been lit-
tle research regarding miRNA expression and its involvement in ischemic stroke.

Material/Methods: In this study, we investigated the pattern of miRNA-34a-5p expression along with its clinical application in hu-
man ischemic stroke and in an in vivo rat model. We recruited 102 cerebral ischemia patients and 97 health
controls for this study. Clinical data were gathered and recorded with the help of questionnaires. Blood sam-
ples were obtained from patients within 72 h after cerebral ischemia. National Institutes of Health Stroke
Scale (NIHSS), Acute Stroke Treatment (TOAST), and infarct volume were used to analyze the correlation of
miRNA-34a-5p expression and clinical information. In addition, blood samples and brain tissues were collect-
ed from an established middle cerebral artery occlusion (MCAO) model consisting of 20 adult male mice at 24
h after the MCAO. Expression level of miRNA-34a-5p was detected by real-time polymerase chain reactions.

Results: Results showed overexpression of miRNA-34a-5p in acute ischemic stroke patients blood samples compared
to the controls (p<0.05). Also, large and small arterial strokes types demonstrated elevated miRNA-34a-5p ex-
pression levels. Further correlation analysis revealed a negative association between miRNA-34a-5p and NIHSS
scores (r=—0.692 p<0.05) and infarct volume (r=—0.719, p<0.05). Moreover, in vivo experiment results showed
significant up-regulated expression of miRNA-34a-5p in middle cerebral artery occlusion compared to controls,
along with a positive correlation between miRNA-34a-5p in blood and brain (r=0.742, p<0.05).

Conclusions: Our results suggest there is a potential regulatory role of miRNA-34a-5p in acute ischemic stroke, which could
serve as a therapeutic target or biomarker in stroke prognosis.
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Background

Ischemic stroke is a common disease that increasingly occurs
with age, and it has the potential to become a heavy econom-
ic burden due to long-term disability [1]. Although the leading
cause of ischeamic stroke remains unknown, previous studies
have verified the association of multiple genes and proteins
with the occurrence and development of stroke [2].

Previous studies have shown the importance of microRNAs
(miRNAs), which are a group of short noncoding RNA mole-
cules, and their potential involvement in the pathological pro-
cess of stroke [3] due to their unique expression in regulation of
ischemic preconditioning and ischemic postconditioning [4,5].
Moreover, 114 transformed miRNAs were discovered in middle
cerebral artery occlusion (MCAO) rat brain samples [2]. Similar
results were also reported by Dharap et al. [6]. A functional
study verified that anti-miR-320a could lead to a dramatic de-
crease of infarct volume in cerebral ischemia [7]. Other pop-
ulation-based miRNA profiling analyses show the differential
expression pattern in young stroke patients and controls [8].
miR-34a-5p was also reported to be the most enriched miR-
NA in mouse brains. In addition, overexpression of miR-34a-
5p had the ability to modulate neuronal genes in neuroblas-
toma cell lines in vitro [9].

Although circulatory miR-34a-5p could be a reliable predic-
tor for ischemic stroke, the clinical relationship between the
altered miR-34a-5p and acute ischemic brain injury remains
unknown. Therefore, the goal of this study was to explore the
clinical role of miRNA in acute ischemic stroke.

Material and Methods

Study subjects

In this case-control study we enrolled 102 clinically and radio-
logically confirmed ischemia stroke patients from the Second
Affiliated Hospital of Zhengzhou University during the peri-
od of July 2012 to January 2014, as well as 97 age- and sex-
matched controls living in the same area as the patients. All
ischemic strokes were diagnosed based on a detailed stroke
history and a physical examination by professional clinical care
providers. The diagnosis was confirmed with medical imag-
ing diagnostic methods (CT scanning and MRI). All patients or
family members gave informed consent. All study processes
were approved by the Institutional Review Board of Zhengzhou
University. We used the National Institutes of Health Stroke
Scale (NIHSS) [10] system adapted to evaluate the severity of
ischemic stroke. Trial of Org 10172 in Acute Stroke Treatment
(TOAST) [11] was used to catalogue patient subtypes: large-
artery atherosclerosis (LA), cardioembolism (CE), small artery
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stroke (SA), and undetermined etiology (UN). Infarct volumes
were calculated by ABC/2 method [12].

Establishment of middle cerebral artery occlusion (MCAO)
model

Twenty adult CD-1 mice (weight range 25-30 g) were raised to
establish an in vivo MCAO model. Briefly, a silicone-coated 6-0
suture (Doccol Corporation, MA) was inserted from the exter-
nal cerebral artery into the internal cerebral artery and placed
at the opening of the middle cerebral artery in the anesthe-
tized mice. A laser Doppler flow meter (Siemens, Germany)
was used to confirm the occlusion status. Animal care and
sacrifice methods were approved by the Animal Care and Use
Committee of the Henan Medical Association.

Sample collection

We obtained 5-ml blood samples from acute ischemic stroke
patients and stored the samples in a cooler. Total DNA, RNA,
and miRNA were extracted within 12 h, following the manu-
facturer’s instructions (TRIzol, Invitrogen, USA). All genome
samples were kept at —80°C. Cerebral tissues from the in vivo
model were collected at the end of the experiment. We pre-
pared and stained 2-mm coronal slices with 2, 3, 5-triphenyl
tetrazolium chloride.

Real-time qRT-PCR

gRT-PCR was used to validate the differential expression of
miRNAs between the 2 groups. In brief, 10 ng total RNA was
reverse transcribed to ¢cDNA using microRNA locked nucleic
acid PCR primers specific for miR-34a-5p (Exiqon, Denmark)
and the TagMan reverse transcription kit (Applied Biosystems,
USA). Diluted cDNA was subjected to gRT-PCR using the TagMan
MicroRNA Assay and TagMan® Universal PCR Master Mix (ABI,
Life Technologies) on a 7500 Real-Time PCR system (Applied
Biosystems, USA). Relative quantification was performed us-
ing AACt method, and the data were normalized with U6 and
RNU48 (Applied Biosystems) as endogenous controls. PCR was
performed in triplicate for each sample. Relative miRNA expres-
sion levels were quantified using the 224" method.

Statistical analysis

All numerical data are presented with mean + standard de-
viation (SD) and performed with triplicate independent test.
SPSS 13.0 software (SPSS Inc., Chicago, IL) was used to com-
pare statistical differences in all test groups by using the t test.
Pearson correlation analysis was performed to test the asso-
ciation of miRNA and clinicopathological features. P<0.05 was
considered to be statistically significant.
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Table 1. Clinical characteristics of patients

(38.5%)
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Acute ischemic stroke

9 (29.0%) 18 (40.0%) 37 (36.3%) NA

NIHSS — National Institutes of Health Stroke Scale; NA — data not available; TS — TOAST subtype; LA — large-artery atherosclerosis;
CE — cardioembolism; SA — small artery stroke; UN — undetermined etiology.

Results

Demographic description of study population

Patients were diagnosed with ischemic stroke by a profession-
al clinical provider and multiple radiology imaging results. Age,
sex, life style, and disease history were recorded from a ques-
tionnaire or face-to-face interview. No significant differences
were found between the ischemic stroke group and the nor-
mal control group (Table 1).

miR-34a-5p expression in study population and its
relationship with TOAST subtypes, NIHSS scores, and
infarct volume

The expression of miR-34a-5p was higher during the 72 h in
stroke patients compared with controls (Figure 1A). Additionally,
the expression level was significantly enhanced in LA or SA
stroke patients (Figure 1B). Moreover, miR-34a-5p expres-
sion levels were negatively associated with NIHSS scores
(Figure 1C, r=—0.692, p<0.05) and infarct volume (Figure 1D,
r=-0.719, p<0.05).

MCAO model brain sample images and relationship of
brain and blood miR-34a-5p in ischemic in vivo model

Sample brain images from the MCAO rat model clearly ex-
hibited cerebral damage compared with controls (Figure 2A).
Overexpression of miR-34a-5p was observed in MCAO brain
and blood samples compared to controls (Figure 2B, p<0.05).
Spearman’s correlation analysis revealed a positive correla-
tion between the plasma miR-34a-5p and the brain miR-34a-
5p levels (Figure 2C, r=0.742, p<0.05).

Discussion

Traditionally, the diagnosis of stroke mainly depended upon
examination by a clinical care provider, and various neuron-im-
aging techniques [13-15]. However, these diagnostic methods
are only able to confirm the disease status of patients and do
no serve to predict disease. Therefore, there is great need for
areliable and easily detectable circulating biomarker for acute
ischemic stroke risk and/or outcome prediction. Patient-based
studies have already reported some alterations in circulatory
miRNA expression in cerebral ischemia [16]. Additionally, the
literature contains evidence of miRNA expression pattern in the
circulatory system of ischemic patients [17]. For example, Long
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Figure 1. miR-34a-5p expression patterns at multiple time points and the correlation with clinical data. (A) miR-34a-5p was highly
expressed from day 1 to day 3 in stroke patients (26 in the day 1 group, 31 in the day 2 group, and 45 in the day 3 group).
* p<0.05, compare with 97 controls. (B) Subtypes of strokes in our study included 45 LA patients, 9 CE patients, 11 SA
patients, and 37 UN patients. Dramatic overexpression of miR-34a-5p was observed in LA and SA strokes patients *, p<0.05,
compared with controls (n=97). LA — large-artery atherosclerosis; CE — cardioembolism; SA — small artery stroke;
UN - undetermined etiology. (C) miR-34a-5p levels have a negative correlation with NIHSS scores in the scatter plot.
r=—0.692, p<0.05. NIHSS — National Institutes of Health Stroke Scale. (D) miR-34a-5p levels were negatively associated with

infarct volume of stroke patients. r=—0.719, p<0.05.

et al found decreased expression levels of circulating miR-30a,
miR-126, and let-7b in ischemic stroke patients compared with
the control group at 24 h, 1 week, 4 weeks, and 24 weeks, re-
spectively [18]. However, in our study, circulatory miR-34a-5p
expression was increased in patients at 72 h compared with
controls. The changing expression levels in blood samples was
also correlated with brain samples obtained from rat models,
which demonstrates the ability of miR-34a-5p as a potential
biomarker for acute ischemic stroke.

Generally, according to the TOAST classification, the subtypes
of ischemic stroke include LA, CE, and SA. Based on this clas-
sification criterion, further analysis of miRNA expression pat-
terns in these subtypes were conducted. Our results demon-
strated that miR-34a-5p expression level was increased in LA
and SA patients. Since the NIHSS scores was usually used to
evaluate the severity level of ischemic stroke, the relation-
ship of miRNA-34a expression level and NIHSS was assessed.
Additionally, a negative correlation was discovered between

miRNA-34a expression level and NIHSS in study patients. Our
results suggest that miR-34a-5p is mainly sensitive for mild
stroke. This negative association also implies the potential
neuroprotective role of miR-34a-5p in stroke.

Welch et al. [19] conducted a series of studies on miR-34a-5p,
and were the first to confirm its pro-apoptotic function. Other
studies also showed similar results in which increased expres-
sion of miR-34a-5p led to elevated apoptosis in cells [20-22].
Together with our results, the overexpression of miR-34a-5p
in the circulatory system of patients suggests the induction of
brain cell apoptosis in acute ischemia stroke. Therefore, the ef-
fects of miR-34a-5p possibly involve the mechanism of Caspase-
dependent apoptosis in acute ischemia stroke.

The expression of miR-34a-5p in blood and brain samples dem-
onstrated a well-established positive correlation in ischemic
mice in our study. These results provide evidence that plasma
miR-34a-5p could be a potential biomarker in early ischemic
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Figure 2. Correlation analysis of miR-34a-5p levels in blood and brain from the in vivo model. (A) Cerebral tissues from the in vivo
model were collected at the end of the experiment. We prepared and stained 2-mm coronal slices with 2, 3, 5-triphenyl
tetrazolium chloride. (B) The expression of miR-34a-5p in brain tissue and blood of MCAO mice at 24 h after ischemia.

*, p<0.05, MCAO (n=10) vs. controls (n=10). Data represented as mean+SD in 3 independent experiments. (C) The positive
correlation between blood and brain miR-34a-5p at 24 h after ischemia. r=0.742, p<0.05, n=10. MCAO — middle cerebral

artery occlusion.

diagnosis. Theoretically, miRNAs exist in various types of body
fluids and it is not only limited to tissues [23,24]. Previous stud-
ies also confirmed that miRNA levels in blood are reproducible
and are thus indicative of the disease state [25,26]. Moreover,
some researchers found the common transcription of 20 miR-
NAs in blood and brain at 24-h reperfusion from reperfused
MCAO rats [2]. These results suggest that plasma miRNA ex-
pression could be a stable marker for acute ischemia stroke.

Although we designed the study to have similar age, sex, and
other demographic parameters in the patient group and con-
trol group to reduce potential selection bias, there are still
some drawbacks in our study. Firstly, systematic miRNA micro-
array should be conducted to identify the highest expression
alterations of miRNA(s) in patients, thereby increasing study
strength mapping all changed miRNAs patterns. Secondly, the
binding gene of miR-34a-5p needs to be investigated by in vi-
tro luciferase process to find its therapeutic target.

Conclusions

Despite of few short-comings, the current study demonstrat-
ed the significant expressional changes of miR-34a-5p in acute
ischemic stroke occurrence, subtypes, and infarct volume. Our
findings reveal important alterations of miRNA in ischemic
stroke and suggest that miR-34a-5p may be a viable molecular
predictor in the process of acute ischemia stroke development.
Further microarray studies, systematic pathway analysis, and lu-
ciferase-based functional studies with a larger sample sizes are
needed to evaluate the clinical application of miRNA signatures.
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