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Abstract

Background: Transient ischemic attack (TIA) is a major risk factor for the occurrence
of cerebral infarction (Cl). This study aimed to evaluate the predictive value of the
synthetic role of miR-200b-3p, ABCD? score, and carotid ultrasound for Cl onset in
patients with TIA.

Methods: Expression of miR-200b-3p was detected by reverse transcription quantita-
tive PCR and carotid stenosis degree was evaluated using carotid ultrasound examina-
tion. Association of miR-200b-3p with ABCD? scores and carotid stenosis degree was
assessed using t-test and chi-square test. Logistic regression analysis was used to judge
the ability of miR-200b-3p, ABCD? score, and carotid ultrasound to predict the occur-
rence of Cl. Receiver operating characteristic curve was used to analyze the diagnos-
tic value of miR-200b-3p and the accuracy of miR-200b-3p, ABCD? score, and carotid
ultrasound in predicting Cl development.

Results: Expression of serum miR-200b-3p was significantly increased in TIA patients
compared with healthy controls, and had diagnostic value in TIA patients. Serum miR-
200b-3p was significantly associated with dyslipidemia, ABCD? score, and carotid
stenosis degree in TIA patients. ABCD? score, carotid stenosis degree, and serum miR-
200b-3p were independently associated with Cl onset, and the synthetic role of these
three indicators had the best accuracy in the prediction of Cl onset in TIA patients.
Conclusion: Serum miR-200b-3p expression was increased in TIA patients with consid-
erable diagnostic value to screen TIA cases from healthy controls. Moreover, we specu-
lated that the combination of miR-200b-3p, ABCD? score, and carotid stenosis degree
by ultrasound may propose as an efficient predictive strategy for the prediction of Cl in
TIA patients.

KEYWORDS
ABCD? score, carotid stenosis, cerebral infarction, miR-200b-3p, prediction, transient ischemic
attack, ultrasound

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2022 The Authors. Brain and Behavior published by Wiley Periodicals LLC

Brain Behav. 2022;12:€2518.
https://doi.org/10.1002/brb3.2518

wileyonlinelibrary.com/journal/brb3 | 10of8


https://orcid.org/0000-0002-4854-1696
mailto:huoxiaoguang_zbzx@yeah.net
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/brb3
https://doi.org/10.1002/brb3.2518

. Brain and Behavior
2 | WILEY [Open ccess3

Open Access

1 | INTRODUCTION

Transient ischemic attack (TIA) is a sudden, transient neurological
dysfunction resulting from a transient inadequate blood supply to
focal brain, spinal cord, or retina, causing retinal ischemia (Coutts,
2017; Easton et al., 2009; Hu et al., 2019). Cerebral infarction (Cl),
also known as cerebral ischemic stroke, is a refractory disease that
seriously endangers human health, which is characterized by high mor-
bidity, disability, and mortality (Liang et al., 2018). Although the clinical
symptoms of TIA could be completely recovered, 10%-20% of patients
would develop Cl at an early stage after TIA onset, leading to greater
physical damage in patients (Zhang et al., 2020). TIA is considered a
major risk factor and an early warning sign that leads to the occurrence
of Cl (Wang et al., 2020; Zhang et al., 2020). Therefore, accurate
diagnosis of TIA and early screening of TIA cases at high risk of Cl are
of great importance for effective prevention and treatment of CI.

Carotid ultrasound is the cornerstone of screening and diagnosis
of carotid artery disease and cerebrovascular disease (Rafailidis et al.,
2017). Carotid ultrasound is considered the most important technique
to diagnose carotid stenosis (Eckstein et al., 2013). Studies indicated
that artery stenosis caused by carotid atherosclerosis was one of the
major causes of TIA occurrence (Longstreth et al., 2018). Therefore,
to determine the degree of carotid stenosis using carotid ultrasound
had a considerable reference value for predicting Cl. Furthermore,
ABCD? score has also been proposed as a useful tool to predict the
occurrence of short-term Cl after TIA onset (Johnston et al., 2007).
Until recently, the ABCD? score was the most widely used tool in
predicting the occurrence of Cl in clinical TIA patients (Cutting et al.,
2016; Giles et al., 2017); however, its sensitivity and accuracy are
still suboptimal in the short term of TIA (Khorvash et al., 2018).
Thus, the methods to predict the risk of Cl in TIA patients still need
improvement.

MicroRNA-200b-3p (miR-200b-3p), as one of the highly stable non-
coding RNAs, has been implicated in the development and progres-
sion of several cerebrovascular-related diseases (Choi et al., 2011;
Kim et al., 2016; Wu et al., 2021). First, in terms of lipid metabolism,
Wu et al. (2021) unmasked that silencing miR-200b-3p could signifi-
cantly improve lipid accumulation and cholesterol efflux phenomenon
in macrophages. Second, in the process of angiogenesis, early stud-
ies reported that miR-200b-3p regulated the activity of vascular
endothelial cells and angiogenesis and other processes via regulating
endothelial growth factor signaling pathways (Choi et al., 2011). Sub-
sequent studies successively demonstrated that miR-200b-3p, as an
atherosclerosis-associated miRNA, aggravated atherosclerosis by pro-
moting endothelial cell apoptosis (Kim et al., 2015; Zhang et al., 2021).
Moreover, aberrant expression of miR-200b-3p was found in tissues of
degenerative aortic stenosis patients, and the expression levels were
significantly upregulated (Shi et al., 2016). Furthermore, a gene poly-
morphism study by Kim et al. (2016) pointed out that miR-200b-3p was
significantly associated with stroke susceptibility and mortality. All the
above studies illustrated the significance of miR-200b-3p in the occur-

rence and development of cerebrovascular related diseases. However,
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neither the expression of serum miR-200b-3p in TIA patients nor the
possibility of a relationship of miR-200b-3p with the occurrence of Cl
secondary to TIA has been established.

Therefore, by analyzing the data from TIA patients, this study aimed
to analyze the expression changes of serum miR-200b-3p and its clin-
ical value in TIA patients. The diagnostic potential of serum miR-200b-
3p todistinguish TIA patients from healthy controls was evaluated, and
the predictive value of miR-200b-3p combined with ABCD? score and
carotid ultrasound detection data was also investigated. The results
are expected to provide evidence for a novel predictive strategy to
predict Cl onset in TIA patients, and thereby to reduce the occurrence
of Cl.

2 | MATERIALS AND METHODS

2.1 | Patients and collection of tissues

According to the TIA diagnostic criteria proposed by American Heart
Association/American Stroke Association (Easton et al., 2009), 189
TIA patients admitted to Huantai People’s Hospital from 2016 to 2019
were included in this study as subjects. Specific inclusion criteria were
as follows: (i) sudden onset of localized neurological deficits with com-
plete resolution of symptoms and signs within 24 h; (ii) patients with
clinical manifestations resembling TIA episodes were excluded, such as
patients with migraine, epilepsy, peripheral vertigo, periodic paralysis,
intracranial aneurysm, atrial fibrillation and hypoglycemia; (iii) no
severe chronic history of heart, brain, lung and other important organs;
(iv) nonpregnant or lactating. In addition, 106 healthy controls who
were free from arterial stenosis and with no history of cardiovascular,
cerebrovascular, metabolic, or malignant disease were included in this
study. Venous blood samples were collected from TIA patients and
healthy controls, and serum samples were collected by centrifugation
at 4°C for subsequent analysis. Collection of blood samples from
TIA patients was accomplished within 24 h of onset. Patients were
followed for 30 days after TIA onset, and Cl occurrence was recorded.
Cl occurrence was determined based on clinical manifestations of
patients and confirmed by the magnetic resonance imaging (MRI) and
other relevant tests (Kernan et al., 2014). The patients were followed
up till the onset of Cl or the end of the 30-day follow-up. All protocols
for blood sample collection and analysis were followed in accordance
with the guidelines of the Ethics Committee and approved by the Ethics
Committee of Huantai People’s Hospital. A signed informed consent
has been obtained from all participants before enrolling them in this

study.

2.2 | Carotid ultrasound examination
All the participants underwent the carotid ultrasound examination,
and the artery stenosis degree of bilateral, common and internal

carotid arteries were detected by Aplio300 Doppler ultrasound
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instrument (Toshiba, Inc.) supplemented with a 10 MHz line array
probe. The degree of stenosis artery was measured at the narrowest
part of the lumen, expressed as a percentage. According to the artery
stenosis degree defined by the North American Symptomatic Carotid
Endarterectomy Trial method (Paciaroni et al., 1999), the specific
grading was as follows: carotid artery stenosis (CAS) grade < 50%
was defined as mild stenosis; CAS grade < 70% was defined as
moderate stenosis; and CAS grade > 70% was defined as severe

stenosis.

2.3 | ABCD? score

Based on the already published report (Johnston et al., 2007), the
ABCD? score criteria were as follows: (i) age > 60 years, taking 1 score;
(ii) systolic blood pressure > 140 mmHg or diastolic blood pressure >
90 mm Hg at presentation, taking 1 score; (iii) clinical presentation with
unilateral limb weakness, taking 2 scores; language impairment, with-
out limb weakness, taking 1 score; (iv) symptom duration > 60 min, tak-
ing 2 scores; 10-50 min, taking 1 score; <10 min, taking O score; and (v)
with diabetes, taking 1 score. The scores are summed for a total score
of 0-7 scores. The grade of risk to develop stroke was graded as: low-
risk group (0-3 scores); medium-risk group (4-5 scores); and high-risk

group (6-7 scores).

2.4 | RNA extraction and reverse transcription
quantitative PCR

All protocols followed the manufacturer’s guidelines in the present
study. Total RNA in samples was extracted by TRIzol reagent (Invitro-
gen, Life Technologies, Paisley, UK). The extracted RNA was reversed
transcribed into single-stranded cDNA with PrimeScript reverse tran-
scriptase kit (TaKaRa, Shiga, Japan). The expression level of serum miR-
200b-3p was detected by reverse transcription quantitative PCR (RT-
gPCR) with the SYBR green | Master Mix kit (Invitrogen, Carlsbad, CA,
USA) on a 7500 real-time polymerase chain reaction system (Applied
Biosystems, USA). U6 was used as an endogenous control for miR-
200b-3p. The 272ACt method was used to compute the expression
value of miR-200b-3p.

2.5 | Statistical analysis

The statistical data were expressed as mean + standard deviation
(SD). SPSS 21.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad 7.0
(GraphPad Software, Inc., USA) were used to analyze all statistical
data. Kolmogorov-Smirnov test was used to determine the normality
of data distribution. Student’s t-test and chi-square test were used to
compare the differences between two groups, including the clinical
characteristics of the study population. The association of miR-200b-
3p with ABCD? scoring and carotid stenosis degree was analyzed

using t-test and chi-square test. Logistic regression analysis was used

TABLE 1 Clinical characteristics of the study population

Healthy control  TIA patients
Variables (n=106) (n=189) p value
Age (years) 62.75+9.04 63.46 +8.36 0.498
Male 70 131 0.563
BMI (kg/m?) 25.53+3.98 26.48 +5.09 0.096
Hypertension 65 122 0.581
Diabetes 38 73 0.637
Dyslipidemia 37 69 0.783
ABCD? score - 4.78 +1.59 -
Carotid stenosis degree -
Mild (<50%) - 12
Moderate (50%-70%) - 59
Severe (>70%) - 118

Abbreviations: BMI, body mass index; TIA, transient ischemic attack.

to judge the ability of miR-200b-3p, ABCD? scoring, and carotid
ultrasound results to predict the occurrence of Cl. Receiver operating
characteristic (ROC) curve was used to analyze the diagnostic value
of miR-200b-3p in distinguishing TIA patients from healthy controls,
and to evaluate the accuracy of miR-200b-3p, ABCD? score, and
carotid ultrasound results in predicting cerebrovascular events. Note

that p < 0.05 was considered to indicate a statistically significant

difference.
3 | RESULTS
3.1 | Clinical characteristics of the study

population

All clinical characteristics of the study population are included in
Table 1. Clinical characteristics revealed that there were no significant
differences in age, gender, body mass index (BMI), history of hyper-
tension, diabetes, and dyslipidemia between TIA patients (n = 189)
and healthy controls (n = 106) (all p > 0.05). In addition, the average
ABCD? score of TIA patients was 4.78 + 1.59; the risk to develop a
stroke was based on this score. According to this score, 29 patients
(15.34%) were at low risk, 96 patients were (50.80%) at medium risk,
and 64 patients (33.86%) were at high risk. For the carotid stenosis
degree by ultrasound detection, 12 patients (6.35%) were diagnosed
with mild stenosis, 59 patients (31.22%) were with moderate stenosis,
and 118 patients (62.43%) were with severe stenosis.

3.2 | Overexpression of serum miR-200b-3p in
patients with TIA

The RT-gPCR results are shown in Figure 1, which indicate that the
expression levels of serum miR-200b-3p were significantly increased
in TIA patients compared with healthy controls (p < 0.001).
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FIGURE 1 The expression of serum miR-301a-3p in transient
ischemic attack (TIA) patients and healthy controls. The expression
level of serum miR-200b-3p was significantly increased in TIA patients
compared with healthy controls.”**p < 0.001
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FIGURE 2 Diagnostic value of serum miR-200b-3p in patients
with transient ischemic attack (TIA). Serum miR-200b-3p has the
significant ability to discriminate TIA patients from healthy controls
(area under the curve [AUC] = 0.918)

3.3 | Diagnostic value of serum miR-200b-3p in
patients with TIA

The ROC curve was plotted to analyze the diagnostic value of serum
miR-200b-3p in distinguishing TIA patients from healthy controls. As
shown in Figure 2, serum miR-200b-3p has the significant ability to
discriminate TIA patients from healthy controls (area under the curve
[AUC] = 0.918), indicating that serum miR-200b-3p had significant
diagnostic value in TIA patients. At a cut-off value of 0.219, the sen-
sitivity was 83.07% and the specificity was 89.62%.

3.4 | Serum miR-200b-3p is associated with
ABCD? score and ultrasound examination results in
TIA patients

To facilitate the relationship analysis between miR-200b-3p and TIA
patients’ clinical data, miR-200b-3p expression was divided into low
(n = 92) and high (n = 97) expression groups according to the median
expression value. Analysis results indicated that serum miR-200b-3p
was significantly associated with dyslipidemia (p = 0.046), ABCD?
score (p < 0.001), and carotid stenosis degree on ultrasound (p < 0.001)

ZHENGET AL.

TABLE 2 Association between serum miR-200b-3p expression
level and clinical characteristics in transient ischemic attack (TIA)
patients

Low High

miR-200b-3p  miR-200b-3p
Variables (n=92) (n=97) p value
Age (years) 63.00+8.18 63.89 +8.55 0.468
Male 61 70 0.383
BMI (kg/m?) 26.38+4.72 26.58 +5.44 0.780
Hypertension 56 66 0.303
Diabetes 30 43 0.098
Dyslipidemia 27 42 0.046
ABCD? score 387+144 492+ 136 <0.001
Carotid stenosis degree <0.001
Mild (<50%) 10 2
Moderate (50%-70%) 37 22
Severe (>70%) 45 73

Abbreviation: BMI, body mass index.

in TIA patients, while association was found between miR-200b-3p and
age, male, BMI, hypertension or diabetes (all p > 0.05) (Table 2).

3.5 | Synthetic role of miR-200b-3p, ABCD? score,
and carotid ultrasound in the prediction of Cl in TIA
patients

TIA is a major risk factor leading to the occurrence of Cl. During the
30-day follow-up period, 56 TIA patients (29.6%) progressed to Cl.
Logistic regression analysis revealed that ABCD? score (p = 0.011),
carotid stenosis degree on ultrasound (p = 0.031), and serum miR-
200b-3p (p = 0.006) were independently associated with Cl onset in
TIA patients (Table 3). Based on the results of logistic regression anal-
ysis, we separately analyzed the accuracy of miR-200b-3p, ABCD?
score, and carotid stenosis degree by ultrasound in predicting the
occurrence of Cl. The results of the analysis are shown in Figure 3;
miR-200b-3p (AUC = 0.876), ABCD? score (AUC = 0.829), and carotid
stenosis degree on ultrasound (AUC = 0.765) all had the accuracy in the
prediction of Cl onset in TIA patients (Figure 3a-c). In addition, the best
prediction accuracy was found when combining miR-200b-3p, ABCD?2
score, and carotid stenosis degree for the risk of Cl in TIA patients
(Figure 3d, AUC = 0.949).

4 | DISCUSSION

Multiple studies have confirmed that miR-200b-3p was aberrantly
expressed in many mechanistic processes and associated with the
progression of diseases. For instance, Zhou et al. found that miR-
200b-3p was downregulated in melanoma tissues and cell lines, and

promoted melanoma progression via activation of EMT (Zhou et al.,
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TABLE 3 Logistic regression analysis for cerebral infarction (Cl) onset in transient ischemic attack (TIA) patients

Univariate analysis Multiple analysis

Variables OR (95% ClI) p value OR (95% CI) p value
Age 1.331(0.755-1.964) 0.286 - -
Male 1.104 (0.703-1.515) 0.379 = =
BMI 1.472(0.914-2.015) 0.112 - -
Hypertension 1.356 (0.878-1.914) 0.234 - -
Diabetes 1.287(0.738-1.808) 0.327 - -
Dyslipidemia 1.222(0.763-1.759) 0.296 - -
ABCD? score 2.641(1.562-3.723) 0.008 2.434(1.448-3.497) 0.011
Carotid stenosis degree 2.320(1.385-3.292) 0.027 2.079(1.259-2.993) 0.031
miR-200b-3p 2.883(1.714-3.994) 0.002 2.625(1.638-3.635) 0.006

Abbreviations: BMI, body mass index; Cl, confidence interval.
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FIGURE 3 Synthetic role of miR-200b-3p, ABCDZ score, and carotid ultrasound in the prediction of cerebral infarction (Cl) in transient
ischemic attack (TIA) patients. (a) Serum miR-200b-3p had the accuracy in the prediction of Cl onset in TIA patients (area under the curve
[AUC] = 0.876). (b) ABCDZ score had the accuracy in the prediction of Cl onset in TIA patients (AUC = 0.829). (c) Carotid stenosis degree on
ultrasound had the accuracy in the prediction of Cl onset in TIA patients (AUC = 0.765). (d) The accuracy was best for the combination of
miR-200b-3p, ABCDZ score, and carotid stenosis degree on ultrasound in the prediction of Cl onset in TIA patients (AUC = 0.949)

2020). Besides, decreased miR-200b-3p could lead to angiogenesis by tive stress in atherosclerosis. In our present study, we found that the
enhancing endothelial ERG expression (Moh-Moh-Aung et al., 2020). expression of serum miR-200b-3p was significantly increased in TIA
Moreover, Zhang et al. (2021) revealed that the overexpression of patients compared with healthy controls. Therefore, we speculated

miR-200b-3p could promote endothelial cells apoptosis under oxida- that serum miR-200b-3p might be involved in TIA progression.
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The occurrence of TIA caused great damage to human psychology
and physiology (Miao et al., 2016; van Rooij et al., 2014), and TIA was
regarded as a major risk factor for the occurrence of Cl (Wang et al.,
2020). Therefore, it was of great importance to make an accurate and
early diagnosis of TIA patients. Many factors that could be used as diag-
nostic biomarkers for TIA have been confirmed in previous studies. In
general, ABCD? score was considered an important method for the
diagnosis of TIA and the prevention of stroke (Coutts, 2017), but its
accuracy in predicting Cl in TIA remains limited (Wardlaw et al., 2015).
Besides, Skarpengland et al. (2018) revealed that increased level of
lectin-like oxidized low-density lipoprotein receptor-1 in TIA was con-
sidered as a diagnostic biomarker for TIA. Moreover, serum miR-126
expression was found to be significantly reduced after onset of TIA, and
at the same time miR-126 was significantly associated with secondary
Cl after onset of TIA (Lidong et al., 2021). In this study, ROC curve
results indicated that serum miR-200b-3p has the significant ability to
discriminate TIA patients from healthy controls, indicating that serum
miR-200b-3p had significant diagnostic value in TIA patients. From the
above finding, we considered that serum miR-200b-3p might be a diag-
nostic biomarker for TIA patients.

miR-200b-3p has been authenticated to be related to pivotal mech-
anistic in the pathogenesis of TIA. According to previous studies,
carotid stenosis caused by carotid web lesions was a risk factor for
the occurrence of TIA (Hu et al.,, 2019) and changes in miR-200b-3p
expression were found in degenerative aortic stenosis patient tissues
(Shi et al., 2016). Meanwhile, another study suggested a link between
miR-200b-3p and lipid metabolism (Wu et al., 2021). Thus, it can be
deduced that miR-200b-3p might be closely related with carotid steno-
sis and dyslipidemia. These speculations have been verified in the
present study. Statistical analysis results of clinical characteristics indi-
cated that serum miR-200b-3p was significantly associated with dys-
lipidemia, ABCD? score, and carotid stenosis degree in TIA patients.

Various indicators had predictive roles in the occurrence of Cl after
TIA. ABCD? score was the most instructive prediction tool for the
occurrence of Cl in TIA patients (Cutting et al., 2016). Carotid ultra-
sonography also played an important role in clinical diagnosis and
follow-up of TIA patients (Kilic Coban et al., 2020). Additionally, other
miRNAs also had potential as predictive biomarkers in predicting Cl
onset after TIA, such as miR-126 (Lidong et al., 2021). As far as miR-
200b-3p was concerned, in terms of cerebrovascular disease, articles
from gene polymorphism studies indicated that miR-200b-3p was sig-
nificantly associated with stroke susceptibility and mortality (Kim et al.,
2016). Cl was a kind of an ischemic stroke (Gao & Zhang, 2017). There-
fore, this study analyzed the ability of above indicators to predict
the occurrence of Cl. First, logistic regression analysis revealed that
ABCD?Z score, carotid stenosis degree on ultrasound, and serum miR-
200b-3p were independently associated with Cl onset in TIA patients.
Second, miR-200b-3p, ABCD? score, and carotid stenosis degree had
accuracy in the prediction of Cl onset in TIA patients, and the accuracy
of the combination of miR-200b-3p, ABCDZ score, and carotid steno-
sis degree was best in the prediction of Cl onset in TIA patients. The
above study has proved that the synthetic role of miR-200b-3p, ABCD?

ZHENGET AL.

score, and carotid stenosis degree might be a good method to screen
TIA patients at high risk of CI.

The specific mechanism or signaling pathways by which serum miR-
200b-3p participated in the progression of TIA has not been explored
in depth in our study, which was the limitation of this article as well
as the direction of our next research. Wu et al. (2021) has reported
that the knockdown of miR-200b-3p alleviated lipid accumulation and
promoted cholesterol efflux, which were two characteristics in the
pathogenesis of atherosclerosis, by targeting ABCAL. Another study
found that miR-200b-3p was involved in the regulation of angiogenesis
by directly regulating the vascular endothelial growth factor (VEGF)
signaling (Choi et al., 2011). Additionally, in atherosclerosis, miR-200b-
3p has been found to enhance endothelial cell injury through targeting
HDAC4 (Zhang et al., 2021). These previous studies indicated that
miR-200b-3p might be involved in the development of CI by affecting
lipid accumulation and angiogenesis, but the mechanisms and related
targets and pathways need to be verified and explored in future
studies.

Taken together, our study indicated that serum miR-200b-3p was
increased in TIA patients compared with healthy controls and had
significant diagnostic value in TIA patients. Furthermore, miR-200b-3p
was associated with ABCD? score and carotid stenosis degree in TIA
patients, and the combination of the above three indicators showed
the considerable predictive accuracy for Cl onset in TIA patients.
Therefore, we speculated that the joint detection of miR-200b-3p,
ABCD? score, and carotid stenosis degree may help to improve the

predictive strategy of Clin TIA patients.
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