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 Background: Ischemic stroke is widely recognized as a major health problem and social burden worldwide, and it usually 
leads to dementia. In this study, we aimed to better understand the pathogenesis in the development of de-
mentia following ischemic stroke.

 Material/Methods: We exploited miRNA database to search for the target for miR-125a and validated the found target using lu-
ciferase assay. Further, we performed real-time PCR and Western blot analysis to examine the expression of 
miR-125a and its target in the tissue samples. In addition, a polymorphism was genotyped and its association 
with post-stroke dementia was analyzed.

 Results: We identified enthothelin-1 (ET-1) as a target of miR-125a, and this relationship was validated using lucifer-
ase assay. Furthermore, transfection of miR-125a inhibitor substantially upregulated the expression of ET-1, 
while miR-125a and ET-1 siRNA caused downregulation of ET-1 in endothelial cells. In addition, we found that 
a polymorphism (rs12976445) interferes with the expression of miR-125a, which in turn caused an increase in 
the expression of ET-1 in human endothelial cells. Logistic regression analysis showed that rs12976445 is sig-
nificantly associated with the risk of dementia after ischemic stroke.

 Conclusions: Our study demonstrated the pathogenesis mechanism during the development of dementia after ischemic 
stroke by investigating the relationship between miR-125a and its target ET-1, promising a potential patholog-
ical solution for post-stroke dementia in the future.
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Background

Stroke ranks among the leading causes of disability and 
death and is an important risk factor for dementia including 
Alzheimer’s disease (AD) and vascular dementia (VaD). Three 
months after stroke, about 30% patients had severe demen-
tia [1]. Alzheimer’s disease (AD) and ischemic/reperfusion (I/R) 
injury are closely associated with dementia [2]. Cerebrovascular 
diseases related to subcortical infarction were found to signif-
icantly lower the threshold of AD [3]. Recently, increasing ev-
idence indicates that amyloid pathology contributing to spo-
radic AD could be exacerbated by I/R [4]. Vascular stress has 
been shown to result in significantly more cognitive deficit in 
experimental animal models [5].

As a potent vasoconstrictor, Endothelin-1 (ET-1) is involved in 
the pathogenesis of stroke. Patients with acute ischemic stroke 
have 4-fold higher level of the plasma ET-1 [6] and the sever-
ity of neurologic outcomes corresponds well to the extent of 
its increase [7]. Substantial brain lesion surrounding the in-
jection site could be induced by ET-1 peptide administrated 
by intrastriatal injection into the brain [8]. In the CSF of pa-
tients with multi-infarction dementia or stroke, there is an in-
creased level of ET-1, indicating that ET-1 might play a role in 
the cognitive deficits related to stroke [9]

MicroRNAs (miRNAs) are noncoding, small RNAs (21 to 25 nu-
cleotides in length) which are supposed to regulate gene activ-
ity via accelerating mRNA degradation and/or inducing trans-
lational repression, leading to downregulation of target mRNA 
or protein expression [10]. Blockade of miR-92a expression re-
duces endothelial inflammation in mice, whereas miR-181b 
regulates endothelial cell NF-kB signaling, suggesting that 
these miRs are important in the endothelial dysfunction ob-
served in vascular inflammation [11]. Hergenreider et al. [12] 
reported that shear stress-stimulated high expression of the 
miR-143/145 cluster in human umbilical vein endothelial cells 
(HUVECs). Moreover, it was reported that HUVECs control gene 
expression of cocultured vascular smooth muscle cells through 
extracellular vesicles enriched in miR-143/145. Previous investi-
gation have demonstrated that the ability of miRNAs targeting 

genes could be disrupted by the presence of polymorphism 
either in the pri-microRNA that may compromise the mature 
processing of the miRNAs and reduce the expression level of 
mature miRNA, or located within or near the binding site in 
the 3’-untranslated region (3’UTR) of the target gene, which 
may interfere with the interaction between the miRNA and its 
target mRNA [13,14]. MiRNA SNPs have been reported to be 
functionally involved in the pathogenesis of human diseases 
by directly downregulating the expression of mature miRNA or 
disrupting the binding of miRNA to the mRNA [15].

It has been reported that a polymorphism (rs12976445) in pri-
microRNA-125a compromises the mature processing of the 
miRNA, causing a decrease in the expression of the mature 
miRNA [16]. In this study, we validated ET-1 as a target of miR-
125a, and found that rs12976445 polymorphism is responsi-
ble for an increased risk of dementia after ischemic stroke by 
releasing the inhibited ET-1.

Material and Methods

Participants

The study enrolled untreated patients (N=1023 cases) who 
were identified as having ischemic stroke according to the 
WHO criteria [17]. All patients had computed tomography 
and/or MRI scan within 24 h after admission. The demo-
graphic and pathological data are shown in Table 1. Patients 
who met the following entry criteria were included: Han eth-
nicity, age >40, admission within 48 h after stroke onset, and 
the presence of a reliable informant. Patients with a history 
of psychiatric disorders (e.g., depression), concomitant neu-
rodegenerative disorders (like Parkinson’s disease), or those 
transferred from another hospital, were excluded. Cognitive 
status was assessed within 48 h after stroke onset using the 
Informant Questionnaire on Cognitive Decline in the Elderly 
(IQCODE) [18]. Patients who scored more than 104 were classi-
fied as demented, and according to the study population were 
divided into 2 groups: dementia positive (N=534) and demen-
tia negative (N=489). The study protocol was approved by the 

Ischemic stroke with dementia 
(N=534)

Ischemic stroke without dementia 
(N=489)

Adjusted OR 
(95%CI)

CC  363 (67.97%)  361 (73.82%)

CT  160 (29.96%)  122 (24.95%)

TT  11 (2.07%)  6 (1.23%)

CT/TT  171 (32.03%)  128 (26.18%)
1.32

(1.01–1.74) P=0.04

Table 1. The frequency of CC genotype was significantly lower in the control group than the case group.
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research ethics committee at Henan University of Science and 
Technology and written consent was obtained from each par-
ticipant prior to the study.

Endothelial cells collection

Human umbilical cord vessels were obtained from the First 
Affiliated Hospital of Henan University of Science and Technology, 
and vessels were rinsed with lactated Ringer’s irrigation solu-
tion. We filled the vessel from the bottom-up with 0.1% colla-
genase solution, and use 2 syringes to perfuse the cord with a 
volume of Hank’s Balanced Salt Solution, followed by flushing 
from 1 syringe through the cord into the other syringe, which 
was repeated about 6 times. The effluent was transferred to 
a sterile tube and re-suspended in DMEM medium. The cells 
were passaged 2–3 times before the following functional anal-
ysis. The endothelial cells were collected from a total of 28 in-
dividuals and genotyped for rs12976445 polymorphism. The 
study protocol was approved by the research ethics commit-
tee at Henan University of Science and Technology and written 
consent was obtained from each participant prior to the study.

Cell culture

HUVEC were obtained from Chinese Academy of Sciences Cell 
Bank (Shanghai, China) and cultured in Dulbecco’s modified 
Eagle’s medium-F12 (Gibco, Grand Island, NY) supplement-
ed with 10% fetal bovine serum (Gibco, Grandstand, NY) at 
37°C in a 5% CO2 atmosphere. When cells reached 80% con-
fluence at passages 2–7, miR-125a-5p mimic and inhibitor 
(mirVana™ miRNA Inhibitor, Ambion, Austin, TX) or ET1 siRNA 
(Ambion, Austin, TX) were transfected into HUVECs at a con-
centration of 20 nM using Oligofectamine transfection reagent 
(Life Technologies, Grand island, NY) according to the manu-
facturer’s instructions.

Genotyping genomic

DNA was extracted from the peripheral blood of the partici-
pants using QIAamp DNA extraction Kit (Qiagen, Dusseldorf, 
Hamburg, German) according to the manufacturer’s proto-
col. The concentration and quality of genomic DNA was mea-
sured by NanoDrop 1000 Spectrophotometer (Thermo Fisher 
Scientific, DE, USA) and then stored at –80°C prior to use. The 
chromosome segment containing rs12976445 polymorphism 
was amplified though PCR (primer set: 5’-CCA TCG TGT GGG TCT 
CAA G-3’ and 5’-TCT TTC ACA GTG GAT CCT CTG AC-3’), and the 
polymorphism was genotyped using direct Sanger sequencing.

Quantitative real-time reverse transcription PCR (RT-PCR)

Total RNA was extracted and purified using the miR-
Neasy kit (Qiagen). NanoDrop 2000C spectrophotometer 

(ThermoScientific) was used for the quantification of miRNA 
levels according to the manufacturer’s protocol. The miScript 
Reverse Transcription Kit (Qiagen,) was used to reversely tran-
scribe target miRNA into cDNA with a gene-specific RT prim-
er. The PCR amplification for the quantification of the target 
RNA was performed using miScipt SYBR Green PCR kit (Qiagen) 
and miScript Primer Assays kit (miR-125a, and ET-1, all from 
Qiagen) on a StepOnePlus real-time thermal cycler from Applied 
Biosystems. Each sample was analyzed in duplicate and miR-
125a expression analyzed using the 2–DDCT method. SNORD61 
and U6 snRNA was included as house-keeping reference RNA. 
The relative expression of miR-125a was shown as fold differ-
ence relative to U6.

Western blot analysis

We collected the cells and lysed them in lysis buffer (Biosharp, 
Hefei, Anhui, China) containing 5 g/l sodium deoxycholate, 
10 ml/l NP-40, 1 µg/ml aprotinin, 100 µg/ml phenylmethyl-
sulfonyl fluoride, 0.1 g/lSDS, 0.2 g/l NaN3, 150 mmol/l NaCl, 
and 50 mmol/lTris-HCl (pH 8.5). Cell lysates were clarified of 
cell debris by centrifugation at 20 800 × g for 15 min through 
a QIAshredder spin column assembly (Qiagen) at 4°C. The 
Bradford method was employed to determine the concen-
trations of protein. The proteins were loaded on a 12% poly-
acrylamide gel (SDS-PAGE) and electrophoresed. After blotting 
onto a polyvinylidene fluoride membranes (Millipore, Boston, 
Massachusetts), we blocked the proteins with 5% non-fat milk 
(Merck, Darmstadt, Darmstadt, Germany) in Tris-buffered sa-
line/Tween-20 (0.1%, Bioeasy, Shanghai, China) at room tem-
perature for 2 h. The membranes were then probed with pri-
mary antibodies against ET-1 (1:10,000; Z0334; Dako), and 
b-actin (1:10,000; Abcam, Cambridge, LON, UK). Immunoreactive 
bands were quantified individually by estimating the number 
of pixels using an image analysis system (Image J, NIH, MD). 
The band intensity of the target protein was first normalized 
with the band intensity of the b-actin and expressed as a ra-
tio of the 2 bands.

Luciferase assay

The 3’-UTR sequence of ET-1 containing putative or mutated 
miR-125a-5p binding sites was amplified from normal human 
genomic DNA and subcloned into the pmir-RB-REPORTTM vec-
tors (RibioBiotech, Guangzhou, Guangdong, China). HUVECs 
cells (3.5×104) were seeded in triplicate in 24-well plates and 
cotransfected with mir-125a-5p mimics and a negative control 
(pre-mir-125a-5p-NC) using Lipofectamine 2000 (RibioBiotech, 
Beijing, China). After 48 h of transfection, luciferase activity 
was measured using the Dual-Luciferase Reporter Assay System 
Kit (Promega Biotech, Madison, WI). hR-luc activities were first 
normalized to the internal control (h-luc) to evaluate the trans-
fection efficiency. All experiments were performed triplicate. 
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miR-125a-5p mediated repression of hR-luc/h-luc activity was 
calculated as the ratio of hR-luc/h-luc in miR-125a-5p-trans-
fected cells to hR-luc/h-luc in control of oligo-transfected cells.

Statistical analysis

Comparisons between groups were made by the c2 test (nom-
inal variables) or Mann-Whitney U test (continuous variables). 
A value of p <0.05 was considered statistically significant. 
Hardy-Weinberg equilibrium was tested by the c2 method. 
All variables with p<0.05 in univariate analyses were subject-
ed to 3 sets of multivariate analyses with a backward step-
wise logistic regression to identify independent predictors of 
PSD. To control for age and sex, both variables were included 
in regression models. The odds ratios and 95% confidence in-
tervals were estimated from the regression coefficients. The 
analyses were performed using SPSS for Windows version 10.0 
(SPSS Inc, Chicago, IL).

Results

Reported to be actively involved in various cellular activities, 
miRNAs negatively regulate the expression of their specific tar-
get genes by binding to the “seed sequences” in the 3’ UTR 
of its target gene. Recently, ET-1 has been reported to be sig-
nificantly upregulated among samples collected from patients 
with ischemic stroke with dementia.

To identify the regulatory miRNA that negatively regulates the 
expression of ET-1, we searched the miRNA database (www.
mirdb.org) and identified ET-1 as its candidate target gene. As 
shown in Figure 1, the alignment of miR-125a with the pu-
tative binding site in ET-1 3’UTR was significantly conserved 
among species. To further verify ET-1 as a validated target gene 
of miR-125a, we set up a luciferase assay reporter system by 
transfecting wild-type and mutant ET-1 3’UTR constructs, re-
spectively, into pGL3 that contained downstream firefly lu-
ciferase. As shown in Figure 2, relative luciferase activity of 
cells transfected with constructs carrying wild-type ET-1 3’UTR 
seed sequence was clearly lower than that of the scramble 
control group and the blank control group, while that of the 
cells transfected with constructs carrying mutant ET-1 3’UTR 
seed sequence showed little difference when compared with 
the scramble control groups, indicating ET-1 as the exact tar-
get of miR-125a.

Furthermore, to validate ET-1 as a target of miR-125a as well 
as explore the interaction between miR-125a and ET-1, we 
also transfected miR-125a mimics, miR-125a inhibitors, and 
ET-1 siRNA into the cells carrying wild-type ET-1 3’UTR seed 
sequence. As shown in Figure 3, the protein (Figure 3A) and 
mRNA (Figure 3B) expression levels of ET-1 were similarly but 

significantly upregulated by miR-125a inhibitors as compared 
to the negative controls. On the contrary, presence of miR-125a 
mimics and ET-1 siRNA both downregulated the mRNA and 
protein expression levels when compared with the negative 
controls. The above findings all indicate a possible negatively 
associated relationship between miR-125a and its target ET-1.

Also, in respect to the previous study of rs12976445 poly-
morphism in the pri-miR-125a, which was reported to cause 
a significant reduction in the amount of mature miR-125 by 
compromising the mature processing of the miRNA, we also 
explored the miRNA expression level of different rs12976445 
polymorphism genotypes in human endothelial cells genotyped 
as CC (N=15), CT (N=9), and TT (N=4). As shown in Figure 4, 

Figure 1.  ET-1 was identified as a target of miR-125a, with its 
putative binding site on ET-1 3’UTR showing conserved 
consistency in different species.

Figure 2.  Relative luciferase activity of cells transfected 
with constructs carrying wild-type ET-1 3’UTR seed 
sequence was significantly lower compared with 
that of the scramble/blank controls and that of cells 
transfected with constructs carrying mutant ET-1 3’UTR 
seed sequence.
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expression levels of miR-125a were similar between TT and CT, 
both of which were significantly lower when compared with 
CC, indicating a dominant model of minor allele of rs12976445 
polymorphism, which would lead to a less efficient inhibition 
of target gene ET-1. Consistent with the hypothesis that miR-
125a negatively regulates the expression of ET-1, we found 
that the mRNA and protein expression levels were compara-
ble between CT and TT, but were much lower in CC than in 
CT/TT groups.

To study the association between rs12976445 polymorphism 
and the risk of dementia after ischemic stroke, we enrolled 
1023 ischemic stroke patients, 534 of who were also suffering 
from dementia (case group) while 489 were not (controls), as 
described in Table 1. Logistic regression analysis was used to 
investigate the association, and we found that the risk factors 
were comparable between the groups, and the frequency of 
CC genotype was significantly lower in the control group than 
the case group, indicating that the ability of miR-125a to sup-
press the expression of ET-1 helps to reduce to risk of demen-
tia after ischemic stroke, and the presence of minor alleles of 
rs12976445 polymorphism caused a less efficient inhibition 
of ET-1, resulting in an increased risk of post-stroke dementia.

Discussion

In this study, we identified ET-1 as a target of miR-125a, and this 
relationship was validated using luciferase assay. Furthermore, 
transfection of miR-125a inhibitor substantially upregulated 
the expression of ET-1, while miR-125a and ET-1 siRNA caused 
downregulation of ET-1 in endothelial cells. In addition, we 
found that a polymorphism (rs12976445) interferes with the 
expression of miR-125a, which in turn caused an increase in 
the expression of ET-1 in human endothelial cells. The logis-
tic regression analysis showed that rs12976445 is significant-
ly associated with the risk of dementia after ischemic stroke.

Situated in chromosome 19q13.41, miR-125a is critical both 
in the adult tissues and organ development [19]. Increasing 
evidence has indicated that miR-125a is responsible for the 
pathogenesis of human diseases, especially malignancies such 
as lung cancers, gastric cancers, and breast cancers [20–22]. 
Two SNPs (rs12976445 and rs41275794) in the pre-miR-125a 
gene exist in the Han population of China and there is a com-
plete linkage disequilibrium between them [23]. Rs12976445 is 
responsible for recurrent pregnancy loss [23] and the suscepti-
bility to autoimmune thyroid diseases (24). Furthermore, poor 
prognosis in patients with esophageal squamous cell carcino-
ma (25) is associated with rs12976445. A recent investigation 
indicated that expression of mature miR-125a and processing 
of mature miRNA were impaired by the allele of rs12976445, 
consequently, target genes such as LIFR and ERBB2 [23,26] were 
induced upregulation [23,26]. In breast cancer [27,28], a poor 
prognosis and a more aggressive behavior are always associat-
ed with overexpression/Amplification of ERBB2, which makes 
ERBB2 a predictive biomarker of trastuzumab. Additionally, 
gefitinib might have better effect on nasopharyngeal carci-
noma cells [29] when a higher level of miR-125a is achieved. 
Accordingly, the effectiveness of trastuzumab might be affect-
ed by miR-125a rs12976445. In this study, we found that rela-
tive luciferase activity of cells transfected with constructs car-
rying wild-type ET-1 3’UTR seed sequence was evidently lower 

Figure 4.  Expression level of miR-125a was significantly higher 
among CC samples compared with CT/TT samples.

1.5

1.0

0.5

0.0
CC CT/TT

Ex
pr

es
sio

n 
lev

el 
of

 m
iR

-1
25

a

1.5

1.0

0.5

0.0
Negative
control

miR-125a
inhibitors

ET-1 siRNAmiR-125a
mimics

Negative
control

ET-1

β-actin
miR-125a
inhibitors

ET-1 siRNAmiR-125a
mimics

m
RN

A 
ex

pr
es

sio
n 

lev
el 

of
 ET

-1

A

B

Figure 3.  (A) ET-1 protein expression level of cells transfected 
with miR-125a mimics, miR-125a inhibitors, and ET-1 
siRNA as compared with the negative control group. 
(B) ET-1 mRNA expression level of cells transfected 
with miR-125a mimics, miR-125a inhibitors, and ET-1 
siRNA compared with the negative control group.
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than that of the scramble control group and the blank control 
group, while that of the cells transfected with constructs car-
rying mutant ET-1 3’UTR seed sequence showed mere differ-
ence when compared with the scramble control groups, indi-
cating ET-1 as the exact target of miR-125a. In addition, we 
found that the protein (Figure 5A) and mRNA (Figure 5B) ex-
pression levels of ET-1 were similarly but significantly upregu-
lated by miR-125a inhibitors as compared to the negative con-
trols. On the contrary, presence of miR-125a mimics and ET-1 
siRNA both downregulated the mRNA and protein expression 
levels when compared with the negative controls.

Initially separated from the supernatant of cultured aortic en-
dothelial cells of pigs [29], endothelin-1 (ET-1) has been report-
ed to be involved in the pathogenesis of many cerebral vascu-
lar and cardiovascular diseases, including stroke, because of 
its strong vasoconstriction effect. Previously, transgenic mice 
with an increased expression level of ET-1 in endothelial cells 
showed mild hypertension as well as altered vascular tone in 
the mesenteric artery and aorta, suggesting that overexpres-
sion of endothelial ET-1 had long-term detrimental effects on 
vascular and cardiac functions [30]. Compared to non-trans-
genic (NTg) mice, more severe brain damage and sensorimotor 
compromises occurred in the ET-1 transgenic mice after mid-
dle cerebral artery occlusion (MCAO) for 2 h followed by 22-h 
reperfusion [31], showing the effect of increased expression 
levels of endothelial ET-1 on cognitive function after stroke. 
Endothelial ET-1 increased vasoconstriction and permeability 
of the blood-brain barrier (BBB) when cerebral ischemia took 
place, by which endothelial ET-1 influenced neurological reac-
tions [32–34]. In a recent study, ET-1 was injected to animals 
to induce cerebral ischemia. The Alzheimer disease (AD)-like 
cognitive deficit worsened when Ab was injected to cerebral 
ventricle or the hippocampus of those mice. The level of amy-
loid precursor protein fragments such as Ab was significantly 

elevated when ET-1 was injected to the striatal [35] indicating 
that overexpression of ET-1 during ischemic stroke may be in-
volved in the accumulation and production of Ab, which has 
neurotoxicity to the brain cells. Additionally, spatial reference 
memory and learning impairment and anxiety-like behavior was 
exacerbated by overexpression of ET-1 in the endothelial cells 
after a short-term ischemia followed by 7-day reperfusion [36], 
indicating that endothelial ET-1 plays a critical role in dementia 
and Ab. It has been reported that a polymorphism (rs12976445) 
in pri-microRNA-125a compromises the mature processing of 
the miRNA, causing a decrease in the expression of the mature 
miRNA [16]. In the present study, we found that expression lev-
els of miR-125a were similar between TT and CT, both of which 
were significantly lower when compared with CC, indicating a 
dominant model of minor allele of rs12976445 polymorphism, 
which would lead to a less efficient inhibition of target gene 
ET-1. Consistent with the hypothesis that miR-125a negative-
ly regulates the expression of ET-1, we found the mRNA and 
protein expression levels were comparable between CT and 
TT, whereas they were much lower in CC than in CT/TT groups. 
Furthermore, we found that the risk factors were comparable 
between the groups, and the frequency of CC genotype was 
significantly lower in the control group than in the case group.

Conclusions

We elucidated the important role of ET-1 in the develop-
ment of dementia after ischemic stroke, which was regulat-
ed by miR-125a, and found that the presence of minor allele 
of rs12976445 polymorphism reduces the expression of ET-1 
in endothelial cells, causing less efficient inhibition of ET-1, 
and leading to an increased risk of cognitive dysfunction af-
ter stroke. Rs12976445 polymorphism could be a predictive 
biomarker for the risk of post-stroke dementia.
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