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Background: Ischemic stroke (IS) is an extremely heterogeneous disease with
variable pathogenesis. Due to the lack of early diagnostic markers, the mortality
rate of IS remains high. Cumulative evidence shows that long noncoding
RNAs among noncoding RNAs play important roles in cardiovascular diseases.
In the present study, we focused on the expression pattern of myocardial infarction–
associated transcript (MIAT) and its clinical significance in IS. Methods: Blood samples
were obtained from IS patients (n = 189) and healthy controls (n = 189). The Na-
tional Institutes of Health Stroke Scale (NIHSS) was measured at the time of
admission. Short-term functional outcome was measured by the modified
Rankin Scale (mRS) at 3 months after admission. Multivariate analyses were
performed using logistic regression models. The receiver operating characteristic
(ROC) curve was used to evaluate the accuracy of MIAT in the diagnosis and
prognosis of IS. Results: In IS patients, MIAT expression level was significantly
upregulated and correlated with NIHSS scores (r = .421, P < .001), mRS (r = .339,
P < .001), high-sensitivity C-reactive protein (r = .309, P < .001), and infarct volume
(r = .318, P < .001). ROC curves indicated that MIAT could serve as a potential
marker for discriminating IS patients from the controls with an area under the
curve of .842 (95% confidence interval, .802-.881). The overall survival analysis
showed that patients with higher MIAT expression had a relatively poor
prognosis. Meanwhile, the multivariate analysis revealed that MIAT was an in-
dependent prognostic marker of functional outcome and death in patients with
IS. Conclusion: Our data suggested that MIAT might be a potential diagnostic and
prognostic indicator in IS. Key Words: Cerebral infarction—long noncoding
RNA—MIAT—diagnosis—prognosis.
© 2017 National Stroke Association. Published by Elsevier Inc. All rights reserved.

Introduction

Stroke is the leading cause of death and long-term dis-
ability in developed countries.1,2 According to the WHO
report, stroke affects 15 million people worldwide, and
about 5 million patients suffer from subsequent perma-
nent disability.3 Ischemic stroke (IS) is the most common
form of stroke, accounting for approximately 87% of all
cases.4,5 Currently, the diagnosis of stroke mainly relies
on clinical examination and imaging techniques, includ-
ing computed tomography scans and magnetic resonance
imaging (MRI). Although imaging-based techniques are
relatively sensitive and specific, small infarcts are still dif-
ficult to detect within 6 hours from onset.6,7 Moreover,
these diagnostic modalities are costly and inconvenient,
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especially for patients from remote and poor areas. An
early assessment that can estimate the severity and prog-
nosis of IS is pivotal for optimized care and the allocation
of health-care resources to improve the outcome.8 Now-
adays, advanced applications of various blood biomarkers
of cardiovascular diseases have greatly improved diag-
nosis and treatment strategy on myocardial infarction
(MI).9-11 However, limited progress has been made with
respect to the measurement of blood biomarkers for IS.
Thus, developing a noninvasive high-sensitive blood
biomarker for early screening and monitoring of brain
ischemia patients is feasible and valuable.

Noncoding RNAs can be subdivided into small
noncoding RNAs and long noncoding RNAs (lncRNAs)
according to their transcript size. LncRNAs are nonpro-
tein coding transcripts longer than 200 nucleotides. Previous
studies suggested that lncRNAs might be involved in car-
diovascular diseases.12-14 For example, increased antisense
noncoding RNA in the INK4 locus had long been inves-
tigated as a potential biomarker in the plaque and plasma
of atherosclerosis patients.15 Michalik et al16 demon-
strated that metastasis-associated lung adenocarcinoma
transcript 1 expression was augmented by hypoxia in en-
dothelial cells (ECs). H19 lncRNA is highly expressed in
neointima after injuries and human atherosclerotic lesions
but barely in normal arteries.17,18 Wang et al19 and Xu et al20

found that 2 lncRNAs in foam cells, lncRNA-RP5-
833A20.1 and lncRNA-DYNLRB2-2, could contribute to
the regulation of foam cell cholesterol efflux and inflam-
mation. Recently Mehta et al21 reported that lncRNA FosDT
could promote ischemic brain injury by interacting with
REST-associated chromatin-modifying proteins, suggest-
ing lncRNA can be therapeutically targeted to minimize
poststroke brain damage. Moreover, Zhang et al22 found
that metastasis-associated lung adenocarcinoma tran-
script 1 could protect cerebral microvasculature and
parenchyma from cerebral ischemic insults by inhibit-
ing EC death and inflammation response. Unfortunately,
the functional roles of lncRNAs in IS are still under
debate.23,24

Myocardial infarction–associated transcript (MIAT) is
an lncRNA predominantly expressed in heart and fetal
brain tissue.25 Increasing evidence has indicated the cor-
relation between MIAT and cardiovascular diseases,
including MI, microvascular dysfunction, diabetic reti-
nopathy, and cardiac hypertrophy.25-27 To our knowledge,
proatherogenic stimuli such as inflammatory mediators,
and reactive oxygen could initiate endothelial dysfunc-
tion and lead to the development of atherosclerotic
arterial disease.28 MIAT has been observed to partici-
pate in the pathogenesis of endothelial inflammation, and
MIAT knockdown could partially reduce the upregulation
of proinflammatory cytokines induced by diabetes mel-
litus. In 2015, Yan et al27 found that overexpression of
MIAT was associated with diabetic-induced retinal
neovascularization, vascular leakage, and inflammation

in vivo. Under a diabetic condition, lowering the expres-
sion of MIAT could improve visual functions and reduce
the diabetes mellitus-induced proinflammatory protein ex-
pression, thereby alleviating retinal vessel impairment.
Additionally, through a large-scale case-control associa-
tion study utilizing gene-based genome-wide tag single
nucleotide polymorphisms, Ishii et al29 demonstrated that
altered expression at 6 single nucleotide polymor-
phisms in the MIAT gene might confer genetic susceptibility
to MI. Moreover, Vausort et al26 indicated that expres-
sion levels of MIAT in peripheral blood leukocytes were
regulated after MI, were correlated with markers of cardiac
injury, were affected by cardiovascular risk factors, and
were associated with prognosis. A more recent study by
Qu et al30 demonstrated that MIAT was a profibrotic factor
that both controls cardiac fibrosis and regulates cardiac
function in the setting of MI. IS is an extremely hetero-
geneous disease with a variable pathogenesis. The causative
pathogenesis and physiological mechanisms for the for-
mation of a thrombus differ across stroke subtypes. Up
to now, only 1 study has evaluated the association between
MIAT and neurovascular dysfunction, and demon-
strated that MIAT was a critical regulator of vascular
integrity and neuronal function.31 Neurovascular dys-
function plays an important role in the pathogenesis of
IS. However, the role of MIAT in IS is still unknown.

The aim of the present study was to investigate the
lncRNA MIAT expression of the peripheral blood leu-
kocytes in IS patients and to explore the correlation between
MIAT expression and clinical characteristics. We had also
evaluated the diagnostic and prognostic value of MIAT,
providing an important basis for early diagnosis and prog-
nosis in IS patients.

Materials and Methods

Experimental Subjects

We recruited 189 patients who were diagnosed with
IS between July 2015 and April 2016 at Zhongnan Hos-
pital of Wuhan University, Wuhan, China. Patients were
included in this study if they experienced their first IS
with symptom onset within 24 hours. IS was defined ac-
cording to the World Health Organization criteria.32 In
addition, 189 controls were collected from the Physical
Examination Center. The median age of controls was 69
(interquartile range [IQR], 64-76) years, and 32.8% were
women. The exclusion criteria included acute or chronic
renal dialysis, malignant tumors, autoimmune disease, acute
or chronic infections, or inflammatory diseases.

Clinical Variables and Neuroimaging

Demographic and clinical information, including gender,
age, weight, height, hypertension (systolic/diastolic
blood pressure ≥ 140/90 mmHg or prior diagnosis of
hypertension or on antihypertensive medication),
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