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Abstract. Expression and short-term prognostic value of
miR-126 and miR-182 in patients with acute stroke were
investigated. In total, 153 patients with acute stroke admitted
to the Second Affiliated Hospital of Soochow University
from February 2016 to February 2018 were enrolled into the
observation group as group A [88 patients with acute cere-
bral infarction (AIS)] or group B [65 patients with cerebral
hemorrhage (ICH)]. Furthermore, 69 healthy people receiving
physical examinations in the hospital were enrolled into the
control group. The relative expression of miR-126 and miR-182
in all subjects were measured and their correlation with the
National Institute of Health stroke scale (NIHSS) and activi-
ties of daily living (ADL) scores was analyzed. After 3 months
of follow-up, the correlation of miR-126 and miR-182 with the
Modified Rankin Scale (MRS) score of patients was investi-
gated. The receiver operating characteristic (ROC) curve was
employed to explore the value of miR-126 and miR-182, alone
or in combination, in predicting the prognosis of acute stroke
patients. Subjects in the control group had markedly higher
miR-126 expression and lower miR-182 expression than those
in group A and group B in the observation group (P<0.05).
Pearson's correlation analysis suggested a notable correlation
of miR-126 and miR-182 with NTHSS and ADL scores. Patients
with a mild condition or good prognosis had higher miR-126
expression and lower miR-182 expression than patients with
a severe condition or poor prognosis (P<0.05). Both miR-126
and miR-182 predicted the prognosis of acute stroke, and
the combination of miR-126 and miR-182 presented better
accuracy. The expression levels of miR-126 and miR-182 are
associated with the neurological function, self-care ability, and
prognosis in patients with acute stroke is highly valuable for
predicting the prognosis of patients.
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Introduction

Acute stroke is a common type of acute cerebrovascular
dysfunction. It is mainly caused by ischemia resulting from
occluded or ruptured cerebral vessels or by tissue damage
from hemorrhagic acute cerebral circulation disorder, making
patients susceptible to long-term disability or multi-functional
disorders (1-3). Data have revealed a sharp increase in the
number of patients with acute stroke due to the changing
living environment and the aging population in recent years.
Most acute stroke patients have recurrent disease during the
treatment, facing a higher risk of dementia, disability, and
even death (4,5). Nerve damage is a frequent complication of
the common treatment of various neurological diseases. Early
prediction of injuries is crucial for the prediction and improve-
ment of the prognosis of acute stroke. Therefore, the search for
sensitive biomarkers is essential for the accurate diagnosis and
prognosis assessment of acute stroke.

MicroRNAs (miRNAs) are single-stranded endogenous
non-coding RNAs with 21-25 nucleotides in eukaryotes, which
can regulate gene expression through the specific recognition
of target genes (6). miRNAs play a role in the development,
progression, and pathophysiological processes of acute stroke
by regulating the post-transcriptional level of target genes (7,8).
Plasma expression of miRNAs varies in patients with different
cardiovascular and cerebrovascular diseases such as stroke,
coronary heart disease and heart failure (9-11). miR-126 can
inhibit the proliferation of vascular smooth muscle cells by
regulating the expression of target genes such as vascular
cell adhesion molecule 1 and monocyte chemoattractant
protein (12). miR-182 is a recently discovered microRNA
that is involved in the development of ischemic encephalop-
athy (13). However, there are few reports on the expression and
prognostic value of miR-126 and miR-182 in patients in acute
stroke. This study evaluated the serum expression of miR-126
and miR-182 in patients with different types of acute strokes
to investigate the relationship between the two genes and the
neurological function and prognosis of patients.

Patients and methods

Patient data. In total, 153 patients with acute stroke who
were admitted to the Second Affiliated Hospital of Soochow


https://www.spandidos-publications.com/10.3892/etm.2019.8227
https://www.spandidos-publications.com/10.3892/etm.2019.8227

528

University (Suzhou, China) from February 2016 to February
2018 were enrolled into the observation group and assigned
as group A (88 patients with AIS) or group B (65 patients
with ICH). The observation group was comprised of 97 males
and 56 females with an average age of 62.68+13.32 years.
Moreover, 69 healthy people with normal physical examina-
tion results in the hospital were enrolled as the control group,
including 44 males and 25 females, with an average age of
61.92+13.42 years.

The patients were followed up for 3 months after discharge
from the hospital to record the prognosis. Patients were
divided into the good prognosis group and the poor prognosis
group according to the MRS score, and the relative expression
of miR-126 and miR-182 in patients before the discharge were
observed.

Inclusion and exclusion criteria. Inclusion criteria: i) Patients
diagnosed with acute stroke by CT scan or MRI for the head;
ii) patients admitted to the hospital within 6 h after the onset of
stroke; iii) patients with a National Institutes of Health Stroke
Scale (NTHSS) score of no less than 4 points but less than
20 points (14). Exclusion criteria: i) Patients with a history of
stroke; ii) patients with other lesions in the brain; iii) patients
with disorders or functional impairments in the blood or
coagulation system; iv) patients with poor communication
and poor compliance. The patients and their families signed
an informed consent. This study was approved by the Ethics
Committee of The Second Affiliated Hospital of Soochow
University.

Experimental reagents and materials. The RNA extraction kit
was purchased from Invitrogen; Thermo Fisher Scientific, Inc.
The TRIzol reagent and reverse transcription kit were provided
by Beijing ComWin Biotech Co., Ltd. The SYBR-G reen PCR
Master Mix was from Takara. All primers and sequencing
were designed by Sangon Biotech (Shanghai) Co., Ltd.

Experimental methods. The extraction of plasma miRNA
from all subjects and the reverse transcription were performed
in strict accordance with the reagent manual. RNA purity and
concentration were measured using an ultraviolet spectropho-
tometer. The operations were performed on ice to prevent
degradation of the RNA. The amplification by polymerase
reaction was performed with U6 as the standard internal refer-
ence. The reaction system: 2 ul of reverse transcription primer,
10 ul of 2X SYBR-Green PCR Master Mix, 6 ul of ddH,0O,
1 ul of forward primer and 1 ul of reverse primer. The reaction
condition: 45 cycles of 95°C for 10 min, 95°C for 15 sec, and
60°C for 1 min. Three replicate wells were set for each sample.
The relative expression levels of miR-126 and miR-182 were
analyzed by 22, Primer sequence: miR-126 F: 5'-GTCGTAT
CCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGA
CCGCATT-3' and R: 5'-GTGCAGGGTCCGAGGT-3';
miR-182 F: 5"ACACTCCAGCTGGGTTTGGCAATGGTA
GAACT-3' and R: 5"TGGTGTCGTGGAGTCG-3'; U6 F:
5'-CTCGCTTCGGCAGCACA-3' and R: 5'-"AACGCTTCA
CGAATTTGCGT-3".

Outcome measures. 1) Analysis of the differences in the basic
data and the relative expression of miR-126 and miR-182
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between the observation group and the control group.
ii) Comparison of the expression of miR-126 and miR-182
between patients with different NTHSS, ADL and MRS scores
and analysis of the correlation of miR-126 and miR-182 with
NIHSS, ADL and MRS scores. The NIHSS score was used to
assess the degree of neurological deficits in patients (higher
scores indicate more severe neurological deficits), the ADL
score to judge the patient's self-care ability (higher scores
indicate stronger self-care ability), and the MRS score to
measure the neurological recovery of patients (higher scores
indicate poorer neurological recovery). iii) Assessment of the
predictive value of miR-126 and miR-182, alone or in combi-
nation, for the short-term prognosis in patients with acute
stroke.

Statistical analysis. Statistical analysis of data was performed
on SPSS 19.0 statistical software (Beijing NDTimes
Technology Co., Ltd.). The enumeration data were analyzed
by chi-square test. The measurement data were expressed as
the mean + standard deviation and compared between two
groups by the independent t-test. Pearson's correlation efficient
was used to analyze the correlation of miR-126 and miR-182
with NIHSS, ADL and MRS scores. ROC curve was plotted
to assess the predictive value of miR-126 and miR-182, alone
or in combination, for the short-term prognosis in patients
with acute stroke. The experiment data were visualized by
GraphPad Prism8. A statistical difference was recognized at
P<0.05.

Results

Comparison of basic information. Group A and B were not
notably different in sex, age, diabetes or family history of
stroke (P>0.05). The time from onset to treatment in group A
was significantly shorter than in group B, and the systolic,
diastolic, and neurological scores were lower in group B
than in group A (P<0.05). The incidence of hypertension was
higher in group B, and the incidence of hyperlipidemia and
heart disease was higher in group A (P<0.05). The observation
group and the control group were not notably different relating
to sex, age and medical history (P>0.05) (Tables I and II).

Comparison of the relative expression of miR-126 and
miR-182. The relative expression of miR-126 was markedly
higher in the control group than in group A, group B and the
observation group, and group A and group B were different
in the miR-126 expression (P<0.05). The relative expression
of miR-182 was markedly lower in the control group than in
group A and B. Furthermore, the control group, and group
A and B were different in the miR-182 expression (P<0.05)

(Fig. 1).

Correlation of miR-126 and miR-182 with NIHSS scores in the
observation group. According to the degree of neurological
deficits, 83 patients with an NIHSS score of no more than
10 points were divided into the mild condition group, while
70 patients with an NIHSS score of more than 10 points were
divided into the severe condition group. The relative expres-
sion of miR-126 was markedly higher in the mild condition
group than in the severe condition group, while the relative
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Table I. Comparison of basic information between patients with acute stroke.
Groups Group A (n=88) Group B (n=65) ¥/t value P-value
Sex (case) 0.169 0.681
Male 57 (64.77) 40 (61.54)
Female 31(35.23) 25 (38.46)
Age (years) 62.55+13.34 62.93+13.29 0.174 0.862
Time from onset to treatment (min) 259.35+21.32 145.35+15.42 36.600 <0.001
Systolic blood pressure (mmHg) 159.34+£9.24 186.24+9.96 17.220 <0.001
Diastolic blood pressure (mmHg) 89.92+6.93 103.93+7.82 11.700 <0.001
NIHSS score 13.34+1.23 14.94+2 82 4.750 <0.001
Hypertension 5979 0.015
Yes 45 (51.14) 46 (70.77)
No 43 (48.86) 19 (29.23)
Diabetes 0.013 0.910
Yes 36 (40.91) 26 (40.00)
No 52 (59.09) 39 (60.00)
Hyperlipemia 4.046 0.044
Yes 55 (62.50) 30 (46.15)
No 33 (37.50) 35 (53.85)
Heart disease 5.350 0.021
Yes 36 (40.91) 15 (23.08)
No 52 (59.09) 50 (76.92)
Family history of stroke 0.070 0.792
Yes 28 (31.82) 22 (33.85)
No 60 (68.18) 43 (66.15)
Smoking 0.003 0.957
Yes 47 (53.41) 35 (53.85)
No 41 (46.59) 30 (46.15)
Drinking 0.188 0.665
Yes 58 (6591) 45 (69.23)
No 30 (34.09) 20 (30.77)

expression of miR-182 was markedly lower in the mild
condition group than in the severe condition group (P<0.05).
Pearson's correlation analysis suggested that in the observation
group, NIHSS scores were negatively correlated with miR-126
(r=-8749, P<0.001) and positively correlated with miR-182
(r=8083, P<0.001) (Table IIT and Fig. 2).

Correlation of miR-126 and miR-182 with ADL scores in the
observation group. Pearson's correlation analysis suggested
that in the observation group, ADL scores were positively
correlated with miR-126 (r=0.8876, P<0.001) and negatively
correlated with miR-182 (r=-0.8375, P<0.001) (Fig. 3).

Relationship between the relative expression of miR-126
and miR-182 and MRS scores in the observation group. In
the observation group, 97 patients with an MRS score of
no more than 2 points were divided into the good prognosis
group, while 56 patients with an MRS score of more than
2 points were divided into the poor prognosis group. The

relative expression of miR-126 was markedly higher in the
good prognosis group than in the poor prognosis group, while
the relative expression of miR-182 was markedly lower in
the good prognosis group than in the poor prognosis group
(P<0.05) (Table IV).

Predictive value of miR-126 and miR-182, alone or in
combination, for the prognosis of patients in the observation
group. ROC curve was used to assess the predictive value
of miR-126 and miR-182, alone or in combination, for the
prognosis of patients with acute stroke. The sensitivity of
miR-126 was 90.85%, the specificity was 71.90%, and the
area under the curve (AUC) was 0.8411 at the optimal cut-off
point. The sensitivity of miR-182 was 89.54%, the specificity
was 71.24%, and the AUC was 0.8733 at the optimal cut-off
point. The sensitivity of miR-126 combined with miR-182
was 88.89%, the specificity was 81.05%, and the AUC was
0.9273 at the optimal cut-off point. More details are shown in
Table V and Fig. 4.
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Table II. Comparison of basic information between all research subjects.

Groups Observation group (n=153) Control group (n=69) ¥/t value P-value
Sex (case) 0.003 0.958
Male 97 (63.40) 44 (63.77)
Female 56 (36.60) 25 (36.23)
Age (year) 62.68+13.32 61.92+13.42 0.348 0.729
Hypertension 0.161 0.689
Yes 91 (59.48) 43 (62.32)
No 62 (40.52) 26 (37.68)
Diabetes 0.038 0.845
Yes 62 (40.52) 27 (39.13)
No 91 (59.48) 42 (60.87)
Hyperlipemia 0.072 0.789
Yes 85 (55.56) 37 (53.62)
No 68 (44 .44) 32 (46.38)
Heart disease 0.045 0.832
Yes 51(33.33) 24 (53.33)
No 102 (66.67) 45 (65.22)
Family history of stroke 0.110 0.740
Yes 50 (32.68) 21(30.43)
No 103 (67.32) 48 (69.57)
Smoking 0.039 0.844
Yes 82 (53.59) 36 (52.17)
No 71 (46.41) 33 (47.83)
Drinking 0.014 0.907
Yes 103 (67.32) 47 (68.12)
No 50 (32.68) 22 (31.88)
Table III. Correlation of miR-126 with NIHSS scores in the observation group.
Mild condition group Severe condition group
Groups (n=83) (n=70) t value P-value
Relative expression of miR-126 0.52+0.05 0.41+0.03 16.120 <0.001
Relative expression of miR-182 3.24+0.68 4.32+0.81 8.967 <0.001
Table I'V. Comparison of relative expression of miR-126 and miR-182 between patients with different prognosis.
Good prognosis group Poor prognosis group
Groups (n=97) (n=56) t value P-value
Relative expression of miR-126 0.51£0.11 0.39+0.04 8.654 <0.001
Relative expression of miR-182 3.30+0.67 4.53+0.83 10.140 <0.001

Discussion

Acute stroke, characterized by high morbidity, mortality and
disability rate, greatly threatens the normal life and health
of patients. Acute stroke induced by intracerebral ischemia
or hemorrhage possibly leads to an inflammatory reaction,

free radical damage, and brain tissue damage. Patients with
stroke onset failing to receive timely treatment are at risk of
neurological impairment or death (15,16). The existing diag-
nosis for acute stroke is mainly by imaging methods, which
have limitations in accuracy and operation (17). Identifying
biomarkers with high specificity and high effectiveness for
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Figure 1. Comparison of the relative expression of miR-126 and miR-182. (A) The relative expression of miR-126 was markedly higher in the control group
than in group A and group B. (B) The relative expression of miR-126 was markedly higher in the control group than in the observation group. (C) The relative
expression of miR-182 was markedly lower in the control group than in group A and group B. (D) The relative expression of miR-182 was markedly lower in
the control group than in the observation group. 'P<0.05.
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Figure 2. Correlation of miR-126 and miR-182 with NIHSS scores in the observation group. (A) Pearson's correlation analysis suggested that in the observation
group, NIHSS scores were negatively correlated with miR-126 (r=-8749, P<0.001). (B) Pearson's correlation analysis suggested that in the observation group,
NIHSS scores were positively correlated with miR-182 (r =8083, P<0.001).

detecting acute stroke is important. Advancements in the  This study explored the relationship between miRNAs and the
chip science promoted the stability of circulating miRNAs,  prognosis of patients with acute stroke.

enabling miRNAs to be used as new biomarkers for the early We analyzed the basic clinical information of all subjects
diagnosis and prognosis evaluation of many diseases (18). and found that subjects from the control group were not
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Figure 3. Correlation of miR-126 and miR-182 with ADL scores in the observation group. (A) Pearson's correlation analysis suggested that in the observation
group, ADL scores were positively correlated with miR-126 (r=0.8876, P<0.001). (B) Pearson's correlation analysis suggested that in the observation group,

ADL scores were negatively correlated with miR-182 (r=-0.8375, P<0.001).
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Figure 4. Predictive value of miR-126 and miR-182, alone or in combina-
tion, for the prognosis of patients with acute stroke. According to the ROC
curve analysis, the sensitivity of miR-126 was 90.85%, the specificity was
71.90%, and the AUC was 0.8411 at the optimal cut-off point. The sensi-
tivity of miR-182 was 89.54%, the specificity was 71.24%, and the AUC was
0.8733 at the optimal cut-off point. The sensitivity of miR-126 combined with
miR-182 was 88.89%, the specificity was 81.05%, and the AUC was 0.9273 at
the optimal cut-off point.

different from patients in the observation group in basic infor-
mation, but patients with different medical histories, living
habits, and causes of stroke onset had different symptoms.
Then the expression of miR-126 and miR-182 was evaluated
in healthy subjects and patients with different conditions. The
relative expression of miR-126 was markedly higher in the
control group than in group A and group B of the observation
group, while the relative expression of miR-182 was mark-
edly lower in the control group than in group A and group
B of the observation group. Group A and group B were
statistically different in miR-126 and miR-182 expression. A
previous study (19) showed that serum miR-126 expression
was significantly reduced in the rat models of middle cerebral
artery occlusion. A study (20) discovered a marked increase
in miR-182 expression in the cerebral cortex of mouse
models of cerebral ischemia and hypoxia, and speculated that
miR-182 was involved in the process of cerebral ischemia and

hypoxia. Such findings suggest that miR-126 and miR-182
are involved in the course of stroke development, and their
expression is related to the severity of disease condition. The
expression of miR-126 and miR-182 varies among patients
with different types of stroke. It has been reported (21,22) that
an increase in blood flow resulted in high wall shear stress
and vascular fragility, thinner blood vessel diameter, and a
higher risk of cerebral infarction, besides, atherosclerosis
caused by long-term diabetes and heart disease can lead
to the occurrence of cerebral infarction or cerebral hemor-
rhage to a certain extent. miR-126 induces angiogenesis by
regulating vascular endothelial cells and angiogenic growth
factors to promote Akt signaling pathway activation and cell
apoptosis (23-25). miR-182 plays an important role in the regu-
lation of sugar and lipid metabolism. Abnormally expressed
miR-182 may induce metabolic diseases and diseases such
as atherosclerosis (26,27). The above-listed literature proves
that both miR-126 and miR-182 can regulate angiogenesis,
and their expression changes with the changes in vessels in
different body environments according to the severity of disin
summarease condition, which is consistent with the results
of this study. We explored the relationship between the two
genes and the neurological function and self-care ability of
acute stroke and came to the conclusion that patients with
more severe neurological damage and worse self-care ability
had lower miR-126 expression and higher miR-182 expression.
Such results indicate that both genes may have a predictive
value for neurological function and self-care ability. MiR-126
is an intronic miRNA, which can inhibit the host gene Egfl7
during the differentiation of neural stem cells (28). A previous
study (29) demonstrated that miR-182 could aggravate
neuronal damage by down-regulating the expression of the
target gene APLN and inhibiting the PI3k/p-Akt pathway to
protect nerve function. The regulation of neurological func-
tion in patients by the two genes may result in changes in
the prognosis. Few studies have been made on the effect of
the two genes on the prognosis of patients with acute stroke.
This study explored the prognostic value of the two genes in
patients with acute stroke and found that patients with good
prognosis had higher miR-126 expression and lower miR-182
expression. Both miR-126 and miR-182 could predict the
prognosis of acute stroke, and the combination of miR-126



and miR-182 presented better accuracy. Such findings suggest
that the prediction by miR-126 combined with miR-182 for
the prognosis of patients within 3 months after the treatment
is highly accurate.

In conclusion, the expression levels of miR-126 and miR-182
are associated with the neurological function, self-care ability,
and prognosis in patients with acute stroke, and are highly
valuable for predicting the prognosis of patients. However,
we only studied the correlation of miR-126 and miR-182 with
neurological function and self-care ability in the included
patients with acute stroke. Thus comparison studies are still
required.
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