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Circulating miR-126 and miR-130a levels correlate with lower disease
risk, disease severity, and reduced inflammatory cytokine levels in acute
ischemic stroke patients
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Abstract
To investigate the correlations of five angiogenesis-related miRNA (miR-126, miR-130a, miR-222, miR-218, and miR-185)
expression levels with risk, severity, and inflammatory cytokines levels in acute ischemic stroke (AIS) patients. A total of 148
AIS patients and 148 age- and gender-matched controls were consecutively enrolled. Blood samples were collected from AIS
patients and controls, and plasma was separated for miRNAs and cytokine level detection. Plasma levels of miRNAs were
evaluated by real-time qPCR method, and inflammatory cytokine levels were detected using an enzyme-linked immunosorbent
assay (ELISA). PlasmamiR-126 andmiR-130a expression levels in AIS patients were lower than those of controls, while the levels
of miR-222, miR-218, and miR-185 were elevated in AIS patients compared with controls. After pooling the five miRNA
expression levels together, the area under the curve (AUC) for predicting AIS risk was 0.840 (95% CI 0.795–0.885) with a
sensitivity of 83.8% and a specificity of 69.6% at the best cut-off point. Plasma miR-126 (r = − 0.402, P < 0.001) and miR-130a
(r = − 0.161,P = 0.050) levels were negatively correlatedwith NIHSS scores, while plasmamiR-218 level was positively correlated
with NIHSS scores (r = 0.471, P < 0.001). Most importantly, plasma miR-126 expression was negatively correlated with TNF-α
(r = − 0.168, P = 0.041), IL-1β (r = − 0.246, P = 0.003), and IL-6 (r = − 0.147, P = 0.035) levels, while miR-130a expression was
negatively correlated with TNF-α (r = − 0.287, P < 0.001), IL-1β (r = − 0.168, P = 0.041), and IL-6 (r = − 0.239, P = 0.003)
expression levels and positively associated with IL-10 level (r = 0.261, P = 0.001). Circulating miR-126 and miR-130a levels
correlate with lower disease risk, decreased disease severity, and reduced inflammatory cytokine levels in AIS patients.
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Introduction

Stroke is the second leading cause of death and the third lead-
ing cause of disability worldwide [1]. Acute ischemic stroke
(AIS), the most common type of stroke that accounting for
approximately 60 to 80% of all strokes, is a neurological def-

icit caused by multiple types of cerebral artery blood flow
disruption, focal cerebral ischemia, and hypoxia necrosis [2,
3]. Although enhanced computed tomography (CT) and mag-
netic resonance imaging (MRI) have been used to assist in the
diagnosis of AIS in clinical practice, image interpretations can
be inconsistent and the availability of such expensive machin-
ery is limited, which often delays the diagnosis [4–6].
Therefore, understanding the molecular biology of ischemic
stroke and identifying novel biomarkers with high feasibility
for evaluating disease risk and monitoring disease progression
are crucial to improve AIS patients’ outcomes.

MicroRNAs (miRNAs) are a class of small noncoding
RNAs that interact with their target coding messenger RNAs
to repress translation or degrade messenger RNA transcripts
[7]. Numerous studies have demonstrated that miRNAs play
crucial roles in various physiological processes and the path-
ogeneses of several diseases including cardiovascular and
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cerebrovascular diseases [8–10]. For example, miR-503 over-
expression promotes angiotensin II-induced cardiac fibrosis in
mice [11], while miRNA-34a-5p expression negatively corre-
lates with AIS severity [12]. Our previous study identified 11
angiogenisis-related, differentially expressed miRNAs
(DEMs) in an exploratory sample. The predictive values of
the plasma expression levels of these 11 DEMs for risk and
their correlations with severity of AIS were evaluated in a
validating study that showed that miR-126, miR-130a, miR-
222, miR-218, and miR-185 were independent predictive fac-
tors for AIS risk. This study also showed that pooling these
five miRNAs’ plasma expression levels yields a valuable di-
agnostic potential for AIS. In addition, miR-126, miR-378,
miR-101, miR-222, miR-218, and miR-206 were associated
with NIHSS score [13]. However, the underlying mechanism
of how these miRNAs participate in the development and
progression of AIS is still unclear. AIS is a neurological deficit
characterized by high intracranial vascular inflammation; we
thus hypothesized that these miRNAs might be involved in
AIS pathogenesis via inflammation regulation.

This study aimed to investigate the correlations of these
five miRNA (miR-126, miR-130a, miR-222, miR-218, and
miR-185) expression levels with disease risk, disease severity
with risk, disease severity, and inflammatory cytokine levels
in AIS patients.

Methods

Study design

In our previous study, we observed that circulating miR-126,
miR-130a, miR-222, miR-218, and miR-185 levels could be
served as promising independent biomarkers for risk of AIS.
In our present study, we validated our previous findings in a
larger sample size and further investigated the associations of
those miRNA (miR-126, miR-130a, miR-222, miR-218, and
miR-185) expression levels with disease severity as assessed
by the National Institutes Health Stroke Scale (NIHSS) and by
levels of inflammatory cytokines in AIS patients.

Patients

A total of 148 AIS patients admitted to the Department of
Emergency in Cangzhou Central Hospital from Oct 2013 to
Jun 2017 were consecutively enrolled in the present study.
The inclusion criteria were as follows: (1) diagnosed as AIS
according to patient’s history, laboratory and neurological ex-
amination, computed tomography (CT) scan, magnetic reso-
nance imaging (MRI), and/or magnetic resonance angiogra-
phy (MRA) within 24 h following the onset of symptoms; and
(2) age above 18 years. Patients were excluded if they had
uncontrollable infection, renal or hepatic failure,

hematological malignancies or solid tumors, or had undergone
immunosuppressive therapy or thrombolytic therapy. During
the same time frame, 148 age- and gender-matched controls
with vascular risk factors in Cangzhou Central hospital were
enrolled. Controls with history of stroke, myocardial infarc-
tion or peripheral vascular disease, severe infection, renal or
hepatic dysfunction, non-specific dizziness, or non-organic
headaches were excluded from this study.

Ethics

This study was approved by the Ethics Committee of
Cangzhou Central Hospital, and all participants or direct fam-
ily members provided signed informed consents.

Samples

Within 24 h following onset of symptoms, 5-ml blood sam-
ples were collected from AIS patients, which was centrifuged
at 3000 rpm for 20 min at room temperature. A centrifugation
of 12,000 rpm for 10 min at 4 °C was then performed to
separate plasma, which was subsequently stored at − 80 °C
for miRNA expression assessment and the detections of in-
flammatory cytokines. In addition, blood samples were also
collected from controls when they were enrolled in this study,
and the plasma was separated using the same method de-
scribed above for miRNA assessments.

MiRNAs detection

Total RNAwas extracted from plasma using TRIzol solution
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s protocol. Subsequently, RNA was reverse transcribed
by transcript first-strand cDNA synthesis SuperMix
(TransGen Biotech, Beijing, China). Real-time qPCRwas per-
formed using the SYBR Premix Ex Taq kit (Takara, Dalian,
China) to assess the relative quantity of miRNAs, and U6 was
used as internal reference for normalization ofmiRNA relative
quantity. Then, the results were calculated using the 2−ΔΔt

formula. Primer sequence information is shown in Table 1.

Inflammatory cytokine detection

Plasma levels of tumor necrosis factor alpha (TNF-α), IL (in-
terleukin)-1β, IL-6, IL-8, and IL-10 were detected by
enzyme-linked immunosorbent assay (ELISA) using com-
mercial ELISA kits (Abcam, USA) according to the manufac-
turer’s instructions. Results were read by microplate reader at
450 nm (Biotek, USA).
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Statistics

Statistical analysis was performed using SPSS 21.0 (SPSS,
USA) and GraphPad Prism software 6.01 (GraphPad, USA).
Data were mainly presented as mean ± standard deviation,
median (1/4–3/4 quartiles) or count (percentage).
Comparison between two groups was determined by t test,
Wilcoxon rank sum test, or chi-square test. Receiver operating
characteristic (ROC) curve analysis was performed to deter-
mine whether miRNAs could be used to distinguish AIS pa-
tients from controls. Spearman test was used to assess the
associations of the expression levels of the five miRNAs with
NIHSS scores and inflammatory cytokine levels. P < 0.05was
considered significant.

Results

Characteristics of AIS patients and controls

As presented in Table 2, no parameter differences between
AIS patients and controls were discovered (all P > 0.05). In

brief, 148 AIS patients with mean age of 61.5 ± 9.2 years and
148 controls with mean age of 59.8 ± 9.6 years were enrolled
in this study. There were 92 male (62.2%) AIS patients and 84
male (56.8%) controls. The mean BMI values in AIS patients
and controls were 23.1 ± 2.6 and 22.8 ± 2.8 kg/m2, respective-
ly. Additionally, hypertension was found in 118 (79.7%) AIS
patients and 112 (75.7%) controls, and the numbers of patients
with hyperlipidemia in AIS patients and controls were 77
(52.0%) and 68 (45.9%), respectively. The other detailed clin-
ical characteristics of AIS patients and controls are presented
in Table 2.

Comparison of miR-126, miR-130a, miR-222, miR-218,
and miR-185 plasma expression levels between AIS
patients and controls

As presented in Fig. 1, miR-126 (Fig. 1a, P < 0.001) and miR-
130a expression levels (Fig. 1b, P < 0.001) in AIS patients
were lower than those in controls, while the levels of miR-
222 (Fig. 1c, P < 0.001), miR-218 (Fig. 1d, P < 0.001), and
miR-185 (Fig. 1e, P < 0.001) were elevated in AIS patients
compared with controls.

Table 1 The primer information
in this study Gene Forward primer (5′-> 3′) Reverse primer (5′-> 3′)

miR-126 ACACTCCAGCTGGGCATTATTACTTTTGGTAC TGTCGTGGAGTCGG
CAATTC

miR-130a ACACTCCAGCTGGGTTCACATTGTGCTACTGT TGTCGTGGAGTCGG
CAATTC

miR-222 ACACTCCAGCTGGGCTCAGTAGCCAGTGTAGA TGTCGTGGAGTCGG
CAATTC

miR-218 ACACTCCAGCTGGGTTGTGCTTGATCTAACCA TGTCGTGGAGTCGG
CAATTC

miR-185 ACACTCCAGCTGGGTGGAGAGAAAGG
CAGTTC

TGTCGTGGAGTCGG
CAATTC

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

Table 2 Characteristics of AIS
patients and controls Parameters AIS patients (N = 148) Controls (N = 148) P value

Age (years) 61.5 ± 9.2 59.8 ± 9.6 0.121

Gender (male, n (%)) 92 (62.2) 84 (56.8) 0.344

BMI (kg/m2) 23.1 ± 2.6 22.8 ± 2.8 0.340

Hypertension (n (%)) 118 (79.7) 112 (75.7) 0.402

Diabetes mellitus (n (%)) 41 (27.7) 33 (22.3) 0.283

Hyperlipidemia (n (%)) 77 (52.0) 68 (45.9) 0.295

Hypeluricemia (n (%)) 50 (33.8) 46 (31.1) 0.619

Atrial fibrillation (n (%)) 32 (21.6) 25 (16.9) 0.302

Smoke (n (%)) 74 (50.0) 63 (42.6) 0.200

Data was presented as mean ± standard deviation or count (%). Comparison was determined by t test or chi-square
test. P < 0.05 was considered significant

AIS acute ischemic stroke, BMI body mass index
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Predictive value of miR-126, miR-130a, miR-222,
miR-218, and miR-185 plasma expression levels
for AIS risk

ROC analyses were conducted to evaluate the predictive value
of the five miRNAs for risk of AIS. The area under the curve
(AUC) of miR-126, miR-130a, miR-222, miR-218, and miR-
185 for predictingAIS risk were 0.665 (95%CI 0.602–0.728),
0.619 (95% CI 0.556–0.683), 0.629 (95% CI 0.566–0.692),
0.685 (95% CI 0.625–0.746), and 0.633 (95% CI 0.570–
0.696), respectively. When pooling the five miRNA expres-
sion levels together, the AUC was 0.840 (95% CI 0.795–
0.885) with sensitivity of 83.8% and specificity of 69.6% at
best cut-off point, which was defined as the point with the
maximum value of specificity plus sensitivity (Fig. 2). These
findings suggest that the measurement of the five pooled
miRNAs’ expression levels could be served as a promising
biomarker for AIS risk.

Correlations between miR-126, miR-130a, miR-222,
miR-218, and miR-185 plasma expression levels
and NIHSS score

The plasma levels of miR-126 (r = − 0.402, P < 0.001)
(Fig. 3a) and miR-130a (r = − 0.161,P = 0.050) (Fig. 3b) were
negatively correlated with NIHSS scores, while miR-218 ex-
pression (r = 0.471, P < 0.001) (Fig. 3d) was positively

correlated with NIHSS scores. However, no correlation be-
tween miR-222 (r = − 0.062, P = 0.454) (Fig. 3c) or miR-
185 (r = 0.129, P = 0.117) (Fig. 3e) expression levels and
NIHSS scores was found (Fig. 3).

Correlations between miR-126, miR-130a, miR-222,
miR-218, and miR-185 plasma expression levels
and inflammatory cytokine levels

As presented in Fig. 4, miR-126 expression was negatively
correlated with TNF-α (r = − 0.168, P = 0.041) (Fig. 4a), IL-
1β (r = − 0.246, P = 0.003) (Fig. 4b), and IL-6 levels (r = −
0.147, P = 0.035) (Fig. 4c), but no correlation of miR-126
expression with IL-8 expression (r = − 0.140, P = 0.089)
(Fig. 4d) or IL-10 expression (r = 0.149, P = 0.071) (Fig. 4e)
was found. miR-130a expression was negatively correlated
with TNF-α (r = − 0.287, P < 0.001) (Fig. 4f), IL-1β (r = −
0.168, P = 0.041) (Fig. 4g) and IL-6 (r = − 0.239, P = 0.003)
(Fig. 4h) levels, but was positively correlated with IL-10 ex-
pression (r = 0.261, P = 0.001) (Fig. 4j). There was no corre-
lation between miR-130a and IL-8 level (r = − 0.102, P =
0.261) (Fig. 4i).

As for miR-222, miR-218, and miR-185 expression levels,
as shown in Supplementary Fig. S1, their expression levels
were not correlated with any inflammatory cytokine levels,
including TNF-α, IL-1β, IL-6, IL-8, and IL-10 (all P > 0.05)
(Supplementary Fig. S1 A-O).

Fig. 1 Relative expression levels of miR-126, miR-130a, miR-222, miR-
218, andmiR-185 in AIS patients and controls. Relative expression levels
of miR-126 (a) andmiR-130a (b) were reduced in AIS patients compared
with controls; however, the miR-222 (c), miR-218 (d), and miR-185 (e)

relative expression levels were increased in CAD patients compared with
controls. Comparison between the two groups was determined by
Wilcoxon rank sum test. P < 0.05 was considered significant. AIS acute
ischemic stroke
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Fig. 2 The predictive values of
miR-126, miR-130a, miR-222,
miR-218, and miR-185 expres-
sion levels for AIS risk. ROC
curve showed that pooling the
miR-126, miR-130a, miR-222,
miR-218, and miR-185 expres-
sion levels yielded a higher AUC
than the value of each individual
miRNA. The analysis was per-
formed by ROC curve. ROC re-
ceiver operating characteristic,
AUC area under curve

Fig. 3 Correlations of plasma miR-126, miR-130a, miR-222, miR-218,
and miR-185 expression levels with NIHSS score. The levels of miR-126
(a) and miR-130a (b) were both negatively correlated with NINHSS
score, while miR-218 (d) expression was positively correlated with

NIHSS score, but miR-222 (c) and miR-185 (e) were not correlated with
NIHSS score. The Spearman test was used to assess the correlations of
five miRNA levels with NIHSS score. P < 0.05 was considered signifi-
cant. NIHSS National Institutes Health Stroke Scale
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Logistic regression model analysis of miR-126,
miR-130a, miR-222, miR-218, and miR-185 expression
levels in predicting AIS risk

As listed in Supplementary Table S1, the univariate logistic
regression illustrated that low expression levels of miR-126
(P < 0.001) and miR-130a (P < 0.001), and high expression
levels of miR-222 (P < 0.001), miR-218 (P < 0.001), and
miR-185 (P < 0.001), were associatedwith increased AIS risk.
Additionally, multivariate logistic regression showed that low

expression levels of miR-126 (P < 0.001) and miR-130a (P =
0.001) and high expression levels of miR-222 (P = 0.001),
miR-218 (P < 0.001), and miR-185 (P < 0.001) were indepen-
dent factors for predicting elevated AIS risk.

Discussion

In this study, we evaluated plasma expression levels of five
miRNAs to investigate their associations with disease risk,

Fig. 4 Correlations of plasma miR-126 and miR-130a relative expres-
sions with inflammatory cytokine levels. MiR-126 relative expression
was negatively correlated with the levels of TNF-α (a), IL-1β (b), and
IL-6 (c), but no correlation of miR-126 level with IL-8 (d) or IL-10 (e)
was found. Furthermore, miR-130a expression level was negatively cor-
related with TNF-α (f), IL-1β (g), and IL-6 (h) levels, but was positively

correlated with IL-10 (j) expression. No correlation of miR-130a expres-
sion with IL-8 (i) level was found. The Spearman test was used to assess
the correlations of inflammatory cytokines with miRNA levels. P < 0.05
was considered significant. TNF-α tumor necrosis factor alpha, IL-1β
interleukin-1β, IL-6 interleukin 6, IL-8 interleukin 8, IL-10 interleukin 10
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disease severity, and inflammatory cytokines in AIS patients.
Our data showed that (1) plasma levels of miR-126 and miR-
130a were repressed, while plasma levels of miR-222, miR-
218, and miR-185 were upregulated in AIS patients relative to
controls. ROC analysis revealed that pooling miR-126, miR-
130a, miR-222, miR-218, and miR-185 expression levels
yields a useful predictive metric for AIS risk; (2) miR-126
and miR-130a expression levels were negatively correlated
with NIHSS scores, while the miR-218 expression level was
positively correlated with NIHSS scores; (3) miR-126 and
miR-130a expression levels are both negatively correlated
with levels of TNF-α, IL-1β, and IL-6, while miR-130a ex-
pression levels are positively correlated with IL-10 level.

Many reports have demonstrated that the five miRNAs
explored in the present study, including miR-126, miR-130a,
miR-222, miR-218, and miR-185, are involved in the regula-
tion of angiogenesis [14–21]. Specifically, miR-126 is found
to be highly expressed in human endothelial cells and exhibits
a protective role in intracerebrally hemorrhagingmice through
angiogenesis regulation [14, 15]; miR-130a regulates the ho-
meobox A5 (HOXA5) homeobox gene GAS, a growth arrest-
specific homeobox, thereby promoting the production of vas-
cular endothelial cells angiogenic phenotype [16]; miR-222
has been shown to target stem cell factor (SCF) and cKit and
thus obstruct endothelial cell migration, proliferation, and
function as anti-angiogenic miRNA in vitro [17, 18]; miR-
218 has been shown to repress tumor angiogenesis by
targeting the mTOR component RICTOR in prostate cancer
cells and inhibits retinal neovascularization by reducing the
expression of loop 1 in oxygen-induced retinopathy mice [19,
20]; miR-185 levels have been shown to change in endothelial
cells under hypoxia, and miR-185 has been shown to nega-
tively regulate angiogenesis in human microvascular endothe-
lial cells by directly interacting with stromal interaction mol-
ecule1 [21]. This collective evidence suggests that miR-126,
miR-130a, miR-222, miR-218, and miR-185 play critical
roles in modulating angiogenesis in various diseases; howev-
er, their associations with AIS susceptibility are seldom re-
ported. Our previous study showed that miR-126, miR-130a,
miR-222, miR-218, and miR-185 are independent predicting
factors for AIS risk. Pooling the expression levels of these five
miRNAs yields a useful diagnostic metric for AIS risk with an
AUC 0.767 (95% CI 0.705–0.829) [13]. In this study, we
verified these results in a larger sample size of patients and
were able to show that miR-126 and miR-130a expression
levels were reduced in AIS patients, while miR-222, miR-
218, and miR-185 expression levels were increased in AIS
patients compared with controls. Pooling of these five
miRNA levels yielded a metric that could be used to distin-
guish AIS patients from controls with AUC 0.840 (95% CI
0.795–0.885). A possible explanation for these results is that
these five miRNAs regulate vascular epithelial cell functions
by targeting angiogenetic genes or related pathways, and some

of them such as miR-126 andmiR-130a alsomodulate inflam-
mation, as illuminated in our subsequent experiments. As a
result, AIS patients display dysregulated expression levels of
these five miRNAs.

As for disease severity, we observed that miR-126 and miR-
130a were negatively correlated with NIHSS score, while miR-
218 was positively correlated with NIHSS score. These results
might be because miR-126 and miR-130a act as pro-
angiogenetic genes that prevent disease progression, while
miR-218 is considered as anti-angiogenetic genes that promote
disease progression in multiple cerebrovascular and cardiovas-
cular diseases [14–16, 19, 20]. In addition, the inverse correla-
tion of miR-126 and miR-130a with patients’ NIHSS scores
might also result from these miRNAs’ anti-inflammation ef-
fects, which were verified in our following experiment.

Immune response to acute cerebral ischemia and subsequent
inflammation are proposed to be major factors in AIS pathobi-
ology, and corresponding anti-inflammation approaches con-
tribute to decreasing the risk of AIS development and progres-
sion [22, 23]. Meanwhile, many recent studies have revealed
that the interplay between the expression levels of several
miRNAs and the effects of inflammatory cells or cytokines
increases patients’ AIS susceptibility and severity [24, 25]. In
the present study, we further analyzed the correlation between
five miRNA expression levels and inflammatory cytokine
levels in AIS patients, which illustrated that miR-126 and
miR-130a acted as anti-inflammatory genes that negatively cor-
related with pro-inflammatory cytokines including TNF-α, IL-
1β, and IL-6 levels. MiR-126 was discovered to inhibit secre-
tion of TNF-α and IL-6 in human gingival fibroblasts under
high glucose via targeting TNF receptor associated factor
(TRAF) 6 and to protect human cardiac microvascular endo-
thelial cells (HCMECs) from hypoxia/reoxygenation-induced
injury and inflammatory response (IL-6, IL-10, and TNF-α) by
activating the PI3K/Akt/eNOS signaling pathway [26]. MiR-
130a was observed to decrease the expression of TNF-α, to
inhibit inflammation in chondrocytes, and to reduce TNF-α
and Sp1 via regulating NF-κB pathway in primary hepatocytes
[27, 28]. Therefore, a possible explanation for our results might
be the following: In AIS, these miRNAs might reduce the
secretion of inflammatory cytokines through multiple path-
ways, such as targeting TRAF 6, activating the PI3K/Akt/
eNOS signaling pathway and regulating the NF-κB pathway,
thereby reducing AIS inflammation. In light of our aforemen-
tioned results, we considered that miR-126 and miR-130a are
important factors involved in etiology of AIS not only because
of their pro-angiogenetic effects but also because of their anti-
inflammatory roles, as inflammation also plays a critical role in
AIS etiology [26–28].

There were several limitations in this study: (1) As a case-
control study, AIS patients were not followed up; thus, the
values of studied miRNAs in prognosis of AIS patients were
not explored. (2) The detailed mechanisms of studied miRNAs
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in regulating the development of AIS were not evaluated in our
study. Therefore, in vivo and in vitro experiments investigating
the detailed mechanism of these miRNAs in AIS need to be
performed in the future. (3) As a case-control study, which has
no follow-ups, the levels of miRNAs and inflammatory cyto-
kines in patients with AISwere assessed only once (within 24 h
post the onset of AIS); thus, the miRNAs and inflammatory
cytokine levels after 24 h following the onset of AIS and after
treatments were not assessed in our study.

In conclusion, plasma levels of circulating miR-126 and
miR-130a correlate with lower disease risk, decreased disease
severity, and reduced inflammatory cytokines in AIS patients,
which indicates that miR-126 and miR-130a could be served
as biomarkers for disease risk prediction and disease monitor-
ing in clinical practice.
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