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Background: Specific and sensitive diagnostic biomarkers for unstable angina (UA) are currently scarce.
The diagnosis of UA usually relies on medical history and physician experience. This study aimed to analyze
the expression profiles of microRNAs (miRNAs) in the serum extracellular vesicles (EVs) of UA patients,
thus identifying potential diagnostic biomarkers of UA.

Methods: This study is a prospective study and participants were recruited randomly. A total of 142 patients
with UA, 8 with non-ST-elevation myocardial infarction (NSTEMI), and 8 with stable angina (SA) at
Nanjing Hospital of Traditional Chinese Medicine Affiliated with Nanjing University of Chinese Medicine
from January 2019 to February 2022 were recruited. Fifty-eight healthy volunteers (HVs) were recruited
to the control group during the same period. Differentially expressed miRNAs in serum exosomes of UA
patients were first identified by high-throughput sequencing, followed by verification via quantitative reverse
transcription polymerase chain reaction (QRT-PCR), and Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analyses. Our findings aim to explore their diagnostic potentials in
UA, and their biological functions, as well as the correlation between conventional biochemical indexes of UA.
Results: MiR-127, miR-150, and miR-145 were differentially expressed miRNAs in the serum EVs of
8 UA patients, 8 NSTEMI patients, 8 SA patients, and 8 HVs by high-throughput sequencing, which were
downregulated in UA patients versus HVs. Moreover, the relative levels of differentially expressed miRNAs
in the serum EVs of the remaining UA patients and HVs were measured by qRT-PCR. The area under the
curve of miR-127, miR-150, and miR-145 in distinguishing UA patients from HVs was 0.872, 0.856, and
0.803, respectively. Notably, the area under the curve of the combination of the three differentially expressed
miRNAs for diagnosing UA was 0.944. A GO analysis revealed that miR-127, miR-150, and miR-145 were
mainly enriched in cell adhesion and migration, whereas KEGG pathway enrichment analysis showed that
they were enriched in the PI3K-Akt, MAPK, and Hippo signaling pathways. Multivariable logistic regression
analysis identified cardiac troponin I (¢TnI) (P=0.0006), miR-127 (P=0.0001), miR-150 (P=0.0004), and
miR-145 (P=0.0005) as independent risk factors for UA. Spearman’s rank correlation test showed a significant
correlation between ¢Tnl and miR-127 (r=0.1988, P=0.0067).

Conclusions: MiR-127, miR-150, and miR-145 in serum EVs are closely linked with UA and serve as

novel diagnostic biomarkers.
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Introduction
Background

Unstable angina (UA) is a condition of myocardial ischemia
at rest or after activity that damages myocardial cells.
Clinical manifestations of UA include chest pain at rest
that lasts longer than 10 min and chest tightness (1). In the
United States, 10% of patients presenting to the emergency
room with acute chest pain are diagnosed with UA (2).

Rationale and knowledge gap

Compared with patients with non-ST-elevation myocardial
infarction (NSTEMI), UA patients do not benefit more
from intensive anti-platelet therapy or invasive therapy
within 72 h (1). In 2008, the World Health Organization
declared that UA was diagnosed in cases of worsening
symptoms of ischemia, ischemic electrocardiogram
(ECG) changes, and normal biomarkers, such as creatine
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Key findings

¢ MiR-127, miR-150, and miR-145 in serum extracellular vesicles
(EVs) are closely linked with unstable angina (UA) and serve as
novel diagnostic biomarkers.

What is known and what is new?

e The diagnostic potentials of miRNAs in UA have been previously
analyzed.

®  Our study explored the differentially expressed miRNAs in serum
exosomes of UA patients. We used high-throughput sequencing,
followed by verification via quantitative reverse transcription
polymerase chain reaction, and analyzed Gene Ontology and
Kyoto Encyclopedia of Genes and Genomes enrichment to the
target genes of miRNAs. The present study aims to explore their
diagnostic potentials and their biological functions in UA, as well
as the correlation between conventional biochemical indexes of
UA.

What is the implication, and what should change now?

e MiR-127, miR-150, and miR-145 in serum EVs are novel
diagnostic biomarkers of UA.

® Observations of long-term prognoses and predictions of the
incidence of adverse cardiovascular events in patients with UA with
low miR-127, miR-150, and miR-145 expression.
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kinase-MB (CK-MB) or cardiac troponin I (¢Tnl) (3).
However, high-sensitivity cardiac troponin I (hs-cTnl), the
recommended test for distinguishing UA from NSTEMI,
is often affected by age, kidney function, presence of
disease (such as aortic dissection or pulmonary embolism),
duration of chest pain, and sex (1). Therefore, the diagnosis
of UA currently relies on medical history and physician
experience (4), whereas evidence is lacking of the diagnostic
potential of risk scores or clinical predictors. Therefore,
the identification of novel diagnostic biomarkers for UA
is urgently required. extracellular vesicles (EV) are small
vesicles secreted by cells that are transported into the
extracellular environment or body fluids. Deoxyribonucleic
acids (DNAs), Ribonucleic acids (RNAs), microRNAs
(miRNAs), proteins, and lipids contained in EVs contribute
to the transmission of information from donor cells to
recipient cells. EVs protect circulating RNAs from RNase-
induced degradation, thereby maintaining their functional
stability (5). miRNAs exert specific biological effects by
transferring genetic information carried by vehicles to other
cells (6). Owing to their specific characteristics, EV-derived
miRNAs are potential non-invasive diagnostic biomarkers.

Objective

This study aimed to identify the potential of miRNAs in
serum EVs for UA diagnosis. We present this article in
accordance with the STARD reporting checklist (available
at https://cdt.amegroups.com/article/view/10.21037/cdt-
22-575/rc).

Methods
Subjects

A total of 147 UA patients, 8 NSTEMI patients, and 8 stable
angina (SA) patients treated at Nanjing Hospital of Traditional
Chinese Medicine Affiliated to Nanjing University of
Chinese Medicine between January 2019 and February 2022
were recruited, excluding 5 UA patents for they evoluting
to NSTEMI. Fifty-eight healthy volunteers (HVs) were
recruited to the control group during the same period. All
participants were of Han nationality from Nanjing. Symptoms
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of myocardial ischemia occurred within 3 h, and reperfusion
therapy was not provided after the onset of symptoms. UA
and NSTEMI were diagnosed based on the 2015 European
Society of Cardiology guidelines (2). Recruited SA patients
were graded as having Canadian Cardiovascular Society class
I-II angina pectoris. HVs were those who received physical
examinations in our hospital during the same period. They did
not have history of chronic diseases and the current ECG and
echocardiography findings were normal. Patients with ST-
elevation myocardial infarction, aortic dissection, pulmonary
embolism, hypertensive heart disease, transient ischemic
attack, congenital heart disease, dilated cardiomyopathy,
valvular heart disease, pulmonary heart disease, blood
disorders, chronic liver disease, tumors, rheumatic immune
system diseases, infectious diseases, or a history of psychiatric
disorders were excluded. Pregnant or lactating women were
also excluded. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). This study
was approved by the Ethics Committee of Nanjing Hospital
of Traditional Chinese Medicine affiliated with Nanjing
University of Chinese Medicine (No. KY2019067). Written
informed consent was obtained from all subjects. This study is
a prospective study and participants were recruited randomly.

Serum samples

Peripheral blood samples were obtained from all subjects before
the intervention and placed in serum separator tubes. They
were centrifuged at 4 °C and 3,600 rpm for 15 min, and the
supernatant was isolated for measuring CK-MB and ¢Tnl levels.

Extraction of miRNASs from exosomes

Serum samples from 8 NSTEMI patients, 8 SA patients,
8 randomly selected UA patients and 8 HVs were subjected
to EV-derived total RNA extraction using an exoRNeasy
Serum/Plasma Maxi Kit (QIAGEN, Shanghai, China;
77064). EV-derived miRNAs were isolated using the
miRNeasy Serum/Plasma Maxi Kit (QIAGEN, 217184)
and purified using a miRNeasy 96 Kit (QIAGEN, 217061).
After reverse transcription using a miScript II RT Kit
(QIAGEN, 218160), cDNA samples were amplified using
a miScript PreAMP PCR Kit (QIAGEN, 331451) and
miScript PreAMP Pathway Primer Mix and subjected
to quantitative reverse transcription polymerase chain
reaction (QRT-PCR) using miScript miRNA PCR arrays
and a miScript SYBR Green PCR Kit (QIAGEN, 218073).
Following the extraction of miRNA, quality control was
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performed. Qubit 2.0 was initially used for quantification,
and the length of miRNA was measured by Agilent
2100. Qualified miRNAs were subjected to the following
experiments. The effective concentration of the detected
miRNA was accurately quantified by qRT-PCR (effective
concentration >2 nmol/L). Sequencing of pooled libraries
was finally performed on the Illumina system.

gRT-PCR

Screening of serum EV miRNAs as UA biomarkers. After
high-throughput sequencing, differentially expressed
miRNAs were identified between 8 UA patients and HVs,
8 NSTEMI patients and HVs, and 8 SA patients and
HVs. Serum EVs miRNAs serving as UA biomarkers were
identified by depicting the Venn diagram. Differentially
expressed miRNAs in the serum EVs were subjected to
qRT-PCR analysis. Serum EVs and total RNAs were
extracted using the relevant kits, and the mixed solution
was prepared using the Bulge-LoopTM miRNA qRT-PCR
Starter Kit (Ribobio, Guangzhou, China; R1008). The
mixture was immediately centrifuged, and subjected to the
amplification of nucleic acids at 42 °C for 60 min and 70 °C
for 10 min. Target miRNA primers (Ribobio, R0813, 2131,
201311) were added into the RT reaction solution following
the instructions of the Bulge-LoopTM miRNA qRT-PCR
Starter Kit (Ribobio, R1008). After pre-denature at 95 °C
for 10 min and 40 cycles of 95 °C for 2 s and 60 °C for 30 s,
melting curve was immediately plotted.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway envichment analyses

Target genes of differentially expressed miRNAs in serum
EVs were predicted using the multiMiR package, which
hosts 8 online databases for predicting miRNA target
interactions, including DIANA-microT-CDS, EIMMo,
MicroCosm, miRanda, miRDB, PicTar, PITA, and
TargetScan. After validation in miRecords, miRTarBase, and
TarBase, differentially expressed miRINAs with experimental
data were subjected to GO and KEGG pathway enrichment
analyses using the clusterProfiler package.

Statistical analysis

The statistical analysis was performed using SPSS 20.0 (IBM
Inc., Armonk, NY, USA). Categorical data were expressed

as n and compared using the chi-square test or Fisher’s exact
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Table 1 Baseline characteristics of UA patients, NSTEMI patients, SA patients, and HVs
Characteristics HVs UA P value NSTEMI P value SA P value

(n=58) (n=142) (UA vs. HVs) (n=8) (NSTEMI vs. HVs) (n=8) (SA vs. HVs)

Age, years 60.50+7.99 62.30+6.80 61.12+5.46 0.84 63.01+4.59 0.40
Male sex 30 (51.7) 75 (52.8) 4 (50.0) 0.90 4 (50.0) 0.90
PCI history 0 12 (8.5) 0.02* 3(37.5) 0.001* 2 (25.0) 0.013*
CAD history without PCI 0 25 (17.6) <0.001* 6 (75) <0.001* 3(37.5) 0.001*
Hypertension history 0 10 (7.0) 0.066 1(12.5) 0.121 1(12.5) 0.121
T2DM history 0 9 (6.3) 0.061 1(12.5) 0.121 1 (12.5) 0.121
CCS class

I 0 21 (14.8) 0.001 0 - 6 (75.0) <0.001*

I 0 87 (61.3) <0.001* 0 - 2 (25.0) 0.013*

I 0 34 (23.9) <0.001* 1 (12.5) 0.121 0 -

v 0 0 7 (87.5) <0.001* 0 -
Pre-cerebral infarction 0 7(4.9) 0.197 1(12.5) 0.121 1(12.5) 0.121
Smoking 13 (22.4) 27 (19.0) 2 (25.0) 0.587 3(37.5) 0.296
Drinking 14 (24.1) 32 (22.5) 0.854 4 (50.0) 0.133 3 (37.5) 0.415
Anti-platelet therapy 8(13.8) 21 (14.8) 0.525 3(37.5) 0.122 2(25.0) 0.349
CK-MB, U/L 6.12+2.65 6.56+2.65 0.300 35.87+13.51 <0.001* 6.62+2.61 0.616
cTnl, ng/mL 0.002+0.14 0.05+0.03 <0.001* 0.06+0.02 <0.001* 0.02+0.11 0.304

Data are shown as n (%) or mean + standard deviation. *, P<0.05 vs. HVs. For each parameter, 158 patients were included, unless
data were not available (the number of values is shown in the left column). P values refer to %°, Wilcoxon, and t-tests for binary, skewed
continuous, and symmetrical continuous variables. All analyses were performed using SPSS 20.0 (IBM Inc.). UA, unstable angina; NSTEMI,
non-ST-elevation myocardial infarction; SA, stable angina; HVs, healthy volunteers; CAD, coronary artery disease; PCI, percutaneous
coronary intervention; T2DM, type 2 diabetes mellitus; CCS, Canadian Cardiovascular Society; CK-MB, creatine kinase-MB; cTnl, cardiac

troponin I.

test. Measurement data are expressed as mean + standard
deviation, while normally distributed data were compared
using Student’s 7-test; otherwise, they were compared using
the Mann-Whitney U test. Receiver operating characteristic
(ROC) curves were plotted to assess the diagnostic potential
of miRNAs in serum exosomes, and those with an area
under the curve (AUC) >0.5 were considered to have
diagnostic potential (7). Risk factors for UA were identified
using univariable and multivariable logistic regression
analyses, and odds ratios (OR) and corresponding 95%
confidence intervals (CI) were calculated. The correlation
between risk factors for UA and differentially expressed
miRNAs was determined using Spearman’s rank correlation
test. Statistical significance was set at P<0.05.
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Results
Baseline characteristics

A total of 142 UA patients, 8 NSTEMI patients, and
8 SA patients treated between January 2019 and February
2022 at Nanjing Hospital of Traditional Chinese Medicine
Affiliated with Nanjing University of Chinese Medicine were
recruited. Fifty-eight HVs were recruited during the same
period as the control group. We recorded participants’ age,
sex, medical history, and laboratory test data. No significant
differences were observed in age, sex, history of hypertension,
type 2 diabetes mellitus (T2DM), pre-cerebral infarction,
smoking, drinking, or anti-platelet therapy between the UA,
NSTEMI, and SA patients and the HVs (Table I).
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Table 2 Differentially expressed miRINAs in serum EVs of UA patients, NSTEMI patients, SA patients, and HVs

NSTEMI vs. HVs SAvs. HVs

miRNA

FC P value FC P value FC P value
miR-141 2.95 0.028* 0.31 0.092 1.62 0.073
miR-1270 2.68 0.018* 0.61 0.062 0.78 0.087
miR-1290 2.07 0.009* 1.42 0.084 1.37 0.085
miR-154 1.47 0.071 -1.24 0.095 3.98 0.047*
miR-12 1.32 0.08 1.29 0.032* 1.24 0.075
miR-135b 1.28 0.02* 1.29 0.17 1.04 0.13
miR-1275 1.21 0.65 -0.78 0.32 -3.99 0.027*
miR-1285 1.04 0.068 -3.4 0.001* -1.41 0.094
miR-18b 0.96 0.49 -3.58 0.046~ 0.93 0.089
miR-214 0.81 0.13 -1.47 0.13 1.97 0.025*
miR-136 0.72 0.053 -2.05 0.004~ 1.45 0.071
miR-1343 0.67 0.082 0.93 0.72 -3.97 0.003*
miR-2116 0.45 0.062 1.06 0.092 2.05 0.014*
miR-205 0.32 0.091 0.92 0.063 -2.17 0.013*
miR-1292 -0.87 0.94 1.47 0.16 3.62 0.015*
miR-150 -1.55 0.012* 1.28 0.02* 1.49 0.073
miR-127 -1.81 0.015* 1.62 0.01* -1.25 0.062
miR-145 -1.85 0.04* 2.52 0.014~ -1.29 0.07
miR-1249 -1.97 0.001* 0.74 0.31 -1.29 0.068

*, P<0.05 vs. HVs. T-tests were calculated using SPSS 20.0. miRNA, microRNA; EVs, extracellular vesicles; UA, unstable angin; NSTEMI,
non-ST-elevation myocardial infarction; SA, stable angina; HVs, healthy volunteers; FC, fold change.

Identification of differentially expressed miRNAs in serum
exosomes

Differentially expressed miRNAs in the serum EVs of
8 UA patients, 8 NSTEMI patients, 8 SA patients, and
8 HVs were detected by high-throughput sequencing
(Table 2). Compared with HVs, miR-127, miR-150,
and miR-145 were downregulated in UA patients but
upregulated in NSTEMI patients. Their expression levels
were comparable in the serum EVs of the HVs and SA
patients. Venn diagram plotting revealed that miR-127,
miR-150, and miR-145 were the differentially expressed
miRNAs in the serum EVs of UA patients (Figure I).

Validation of miR-127, miR-150 and miR-145 in serum
exosomes

We validated the differentially expressed miRNAs in

© Cardiovascular Diagnosis and Therapy. All rights reserved.

serum EVs using qRT-PCR. Compared with those of the
HVs (n=50), the relative miR-127 (Figure 24), miR-150
(Figure 2B), and miR-145 (Figure 2C) levels in the serum
EVs of the UA patients (n=134) were significantly lower
(P<0.05, Figure 2).

Diagnostic potential of miR-127, miR-150, and miR-145
in UA

The diagnostic potential of miR-127, miR-150, and
miR-145 in UA was assessed by the plotting of ROC curves
in 95% ClIs. The AUC of miR-127, miR-150, and miR-145
for distinguishing UA patients from HVs were 0.871 (95%
CI: 0.822-0.921), 0.856 (95% CI: 0.802-0.910), and 0.803
(95% CI: 0.741-0.865), respectively. Notably, the AUC
of the combination of the three differentially expressed
miRNAs in UA diagnosis was 0.944 (95% CI: 0.929-0.982),
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higher than that of the combination of CK-MB and ¢Tnl
(0.944 vs. 0.784). This suggests that all three miRNAs
possessed acceptable diagnostic potential for UA (Figure 3).

GO and KEGG pathway enrichment analyses

GO (http://www.geneontology.org/) and KEGG (https://
www.kegg.jp/) pathway enrichment analyses were performed
of miR-127, miR-150, and miR-145. A total of 994 biological
processes, 1,032 cellular locations, 1,002 molecular functions,
and 465 signaling pathways enriched in miR-127, miR-150,

UA vs. HV
8

miR-127, miR-145,
miR-150

NSTEMI vs. HV
7 SAvs. HV

7

Figure 1 Venn diagram of differentially expressed miRNAs in
serum EVs of UA patients, NSTEMI patients, SA patients, and
HVs. There were 8 differentially expressed miRNAs between UA
patients and HVs, 7 between SA patients and HVs, and 7 between
NSTEMI patients and HVs. Compared with those of HVs,
miR-127, miR-145 and miR-150 were differentially expressed
in both UA and NSTEMI patients, which were not identified
as differentially expressed miRNAs in SA patients. miRNA,
microRNA; EVs, extracellular vesicles; UA, unstable angin;
NSTEMI, non-ST-elevation myocardial infarction; SA, stable
angina; HV, healthy volunteer.
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and miR-145 were identified (Figure 4).

Risk factors for UA

Univariable logistic regression analysis showed that
CK-MB, ¢Tnl, miR-127, miR-150, and miR-145 were
significantly associated with the early diagnosis of UA
(P<0.05). Furthermore, a multivariate logistic regression
analysis showed that ¢T'nl (P=0.0006), miR-127 (P=0.0001),
miR-150 (P=0.0004), and miR-145 (P=0.0005) were
independent risk factors for UA (1able 3, Figure 5).

Correlation between CK-MB, c¢Tnl, and differentially

expressed miRNASs in the serum Evs.

The correlation between CK-MB, ¢Tnl, and differentially
expressed miRNAs in the serum EVs of UA patients was
examined using Spearman’s rank correlation test. Only
cI'nl was significantly correlated with miR-127 (r=0.1988,
P=0.0067; Tuble ).

Discussion
Key findings

In this study, we found different correlations between
miR-127, miR-150, and miR-145 and the diagnosis of UA.
These miRNAs may serve as new biomarkers for a UA
diagnosis.

Strengths and limitations

Here we measured the differentially expressed miRNAs
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with HVs (n=50). Data are shown as scatter blots with jitter display (left) and whisker plots (right). Statistically significant differences were

determined using the Mann-Whitney U-test. UA, unstable angina; HV, healthy volunteer.
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in the serum EVs of patients with UA. Clinical symptoms
and myocardial injury markers of UA are similar to those
of NSTEMI, which greatly enhances the difficulty of the
non-invasive diagnosis of UA. To precisely screen out
patients with NSTEMI and UA, serum samples were
collected to identify differentially expressed miRNAs
in serum EVs. Here, miR-127, miR-150, and miR-145
were downregulated in UA patients but upregulated in
NSTEMI patients versus HVs. No significant differences
in expression levels were detected between SA patients
and HVs. Subsequently, the relative levels of miR-127,
miR-150, and miR-145 in the serum EVs of 134 UA
patients and 50 HVs were measured by qRT-PCR to
validate our sequencing findings. These genes were weakly
expressed in patients with UA. ROC curves were plotted to
explore the diagnostic potential of UA. Notably, the AUC
of the combination of the three differentially expressed
miRNAs in the UA diagnosis was higher than that of
the combination of CK-MB and ¢Tnl. The GO analysis
revealed that miR-127, miR-150, and miR-145 were mainly
enriched in cell adhesion and migration, Hinterdobler
et al. suggested that acute stress enhances leucocyte
influx into mouse atherosclerotic plaques by modulating
endothelial cells, increases adhesion molecule expression (8).

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Whereas the KEGG pathway enrichment analysis showed
that they were enriched in the PI3K-Akt, MAPK, and
Hippo signaling pathways. The introduction of CK-MB,
c¢T'nl, miR-127, miR-150, and miR-145 into the logistic
regression analyses revealed that increased ¢Tnl levels and
downregulated miR-127, miR-150, and miR-145 were
significantly associated with an increased risk of UA. Finally,
Spearman’s rank correlation test showed a significant
correlation between ¢Tnl and miR-127 in patients with UA
(P=0.0067).

This study had some limitations, e.g., (I) this study is a
single-center study, Because of the relatively small profiling
sample size, differently expressed miRINAs are expressed
in high and low levels, which do not yet provide a very
accurate cut-off value; (IT) it did not include observations
of long-term prognoses and predictions of the incidence of
adverse cardiovascular events in patients with UA with low
miR-127, miR-150, and miR-145 expression. Those are the
goals of our future research.

Comparison with similar researches

The diagnostic potentials of miRNAs in UA have been
previously analyzed. Zeller et 4l. compared serum miRNA
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Figure 4 GO and KEGG pathway enrichment analyses. The top 20 biological processes (A), cellular locations (B), and molecular
functions (C) enriched in miR-127, miR-145, and miR-150 were identified by GO analysis (D). The top 20 signaling pathways enriched in
miR-127, miR-145, and miR-150 were identified by KEGG pathway enrichment analysis. GO, Gene Ontology; KEGG, Kyoto
Encyclopedia of Genes and Genomes.

levels in patients with chest pain and no obstructive UA, and their combination detection produces a higher
coronary artery disease, and UA patients. Most of them diagnostic potential (9). Ali Sheikh et a/. demonstrated that
are downregulated in UA patients. Among them, miR-132, miR-21 may be a potential diagnostic marker for coronary
miR-150, and miR-186 exert the diagnostic potential in heart disease (10). Our study mainly identified differentially
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Table 3 Risk factors for UA

Qu et al. Diagnostic biomarkers of UA

Univariable logistic regression analysis

Multivariable logistic regression analysis

Factors

OR (95% ClI) P value OR (95% ClI) P value
miR-145 1.647 (1.394-1.946) 0.005 1.497 (1.098-2.042) <0.001
miR-150 2.186 (1.712-2.777) <0.001 2.611 (1.584-4.303) <0.001
miR-127 2.823 (2.023-3.912) <0.001 3.799 (2.076-6.954) <0.001
cTnl 1.658 (1.371-2.005) <0.001 2.098 (1.397-3.152) <0.001
CK-MB 1.149 (1.002-1.316) 0.046 1.304 (0.943-1.805) 0.109

Univariable and multivariable logistic regression analyses were performed using SPSS20. UA, unstable angina; OR, odds ratio; Cl,

confidence interval; cTnl, cardiac troponin |; CK-MB, creatine kinase-MB.

95% Cl P value
miR-145 |-|1 1.098,2.042  <0.001
miR-150 | ——— 1.584,4.303  <0.001
miR-127 |—|—| 2.076,6.954  <0.001

ctl | H— 1.397,3.152  <0.001
CK-MB -|—| 0.943,1.805  0.109
I T T T 1
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Figure 5 Multivariable logistic regression analysis. Multivariate logistic regression analysis showed that ¢Tnl, miR-127, miR-150, and miR-

145 were independent risk factors for UA. ¢Tnl, cardiac troponin I; CK-MB, creatine kinase-MB; UA, unstable angina; CI, confidence

interval.

Table 4 Correlations between CK-MB, ¢Tnl, and differentially expressed miRINAs in serum exosomes of UA patients

miR-127 miR-145 miR-150
r P value r P value r P value
CK-MB 0.06534 0.3769 0.1106 0.1338 0.08271 0.2630
cTnl 0.1988 0.0067 0.1217 0.0989 0.1407 0.0560

Spearman’s correlations were calculated using SPSS 20.0. CK-MB, creatine kinase-MB; cTnl, cardiac troponin I; miRNA, microRNA; UA,

unstable angina.

expressed miRNAs in serum exosomes of UA patients, and
consistently, miRINA-150 was found to be lowly expressed
in UA patients. Moreover, the combination detection of
miR-127, miR-150 and miR-145 exerted the best diagnostic
potential in UA. We also analyzed the diagnostic potential
of conventional biochemical indexes in UA, and their
potential correlation. Through analyzing the molecular
mechanisms of target genes involved in UA patients, our
findings provide a new direction to the future explorations.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Explanations of findings

Patients with UA and NSTEMI exhibit similar clinical
symptoms and ECG characteristics. Since the beginning of
the 21% century, UA and NSTEMI have collectively been
referred to as non-ST-segment elevation acute coronary
syndrome (11). The diagnosis of UA must rely on “a clinical
assessment and a careful and full clinical history” (3). If UA
or NSTEMI cannot be differentiated in the emergency
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department with chest pain, patients must remain in the
hospital for observation for 12 h after the occurrence of
myocardial ischemia. During this time, peripheral blood
collection must be performed to test for highly sensitive
cardiac troponin (hs-cTN) levels immediately and at 0, 1,
3 (or 2), and 6 h after the occurrence in addition to ECG
examinations (1). Consequently, the active exploration of
objective indicators that can help quickly and accurately
diagnose UA is imperative. Moreover, miRNAs in EVs are
involved in the pathological processes of cardiovascular
diseases (12-14), and all cells can secrete EVs into the
blood. Furthermore, miRNAs in EVs function stably and
can be reliably quantified, indicating that they are potential
non-invasive biomarkers of cardiovascular diseases (15).
The diagnostic potential of miRNAs in coronary artery
diseases has been explored (16-18). Here we discovered
that miR-127, miR-150, and miR-145 levels were low
in patients with UA and high in those with NSTEMI.
This may be due to several reasons. First, after blood
clots completely block coronary arteries, local pressure
in the chest cavity increases considerably; Leistner et al.
suggested that miRNA profiles are correlated with pressure
gradients in the coronary arteries (19). Second, miRNAs are
dynamically expressed during the later stages of pathological
progression (20). Unlike acute myocardial infarction, UA
does not involve myocardial necrosis (1); instead, it results
in myocardial ischemia through a chain reaction induced
by inflammatory factors and procoagulants released by
parts in which the plaque is disrupted due to vulnerable
plaque ulceration, rupture, and hemorrhage. The typical
pathological characteristics of vulnerable plaques are thin
fibrous caps, large lipid cores, and active inflammation (21).
Inflammatory cell adhesion and infiltration, cell necrosis,
apoptosis, and pathological angiogenesis are the main
mechanisms involved in vulnerable plaque formation.
MiR-127 is present in vulnerable plaques (22). Moreover,
miR-127 is involved in macrophage polarization and
pathological intimal hyperplasia. According to Ying ez al.,
miR-127 can promote the development of M1 macrophages
and inhibit the transcription of M2 macrophage genes while
simultaneously acting on downstream TLR4 receptors to
encourage inflammation (23). In addition, the upregulation
of miR-127 increased Fe’* content and inhibited the
expression of GPX4 protein (24), overload of Fe’* will
aggravate myocardial cell injury (25-26). In contrast,
miR-150 is involved in apoptosis (27), with one of its
pathways involving the regulation of Akt2 phenotypes (28).
Finally, miR-150 is also involved in the oxidative
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metabolism of mitochondria in endothelial cells
through protein tyrosine phosphatase, mitochondrial 1
(PTPMTT1)-cardiolipin signal pathways; insufficient
mitochondrial oxidation is the main cause of endothelial
cell apoptosis. It can also act on intermediary factors, such
as ¢-MYB, NOTCH3, and transforming growth factor-p,
thereby becoming involved in the occurrence of cell
inflammation (29). And miR-150 regulates endothelial
progenitor cell differentiation via Akt and promotes
thrombus resolution (30). Interestingly, miR-145 is the most
abundant miRNA in vascular walls (31) and a phenotype
marker of vascular smooth muscle cells (VSMCs) (32). It
can also control cytoskeletal reorganization and phenotypic
transformation of smooth muscle cells during vascular
injury through serum response factors (33). Moreover,
vascular injury can decrease miR-145 expression in VSMCs,
and miR-145, through negative feedback, acts on the
target gene KLFS, which reduces VSMC differentiation
through its downstream molecule myocardin. Additionally,
overexpression of miR-145 inhibited the mtDNA copy
number, ATP production, and mitochondrial activity, which
happen when myocardial ischemia (34). And finally,miR-145
is involved in neointima hyperplasia (32).

Implications and actions needed

Furthermore, because miRNAs play a critical role in
pharmacology owing to their downregulated genes and,
therefore, affect drug function, greater attention should be
paid to the functions of miR-127, miR-150, and miR-145 in
treating UA.

Conclusions

MiR-127, miR-150, and miR-145 in serum EVs are
closely linked with UA and could serve as novel diagnostic
biomarkers.
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