Original Article

Sensitive miRNA markers for the detection and management of
NSTEMI acute myocardial infarction patients

Guoyong Liu'?, Xiaowei Niu', Xiaoxue Meng', Zheng Zhang'

"Heart Center, The First Affiliated Hospital of Lanzhou University, Lanzhou 730000, China; *The Cardiovascular Department, Qinghai Provincial

People’s Hospital, Xining 810007, China

Contributions: (I) Conception and design: All authors; (II) Administrative support: None; (III) Provision of study materials or patients: G Liu, X Niy;

(IV) Collection and assembly of data: X Meng; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final

approval of manuscript: All authors.

Correspondence to: Zheng Zhang. Heart Center, The First Affiliated Hospital of Lanzhou University, No. 1, Donggang West Road, Chengguan

District, Lanzhou 730000, China. Email: zhangzhengecul 1@126.com.

Background: NSTEMI patients will benefit greatly with better biomarker screening to detect and
prognose the disease. Using miRNAs, we evaluated the clinical utility in acute myocardial infarction (AMI)
patients during disease onset and therapy.

Methods: A total of 145 NSTEMI patients and 30 healthy volunteers with no history of cardiovascular
disease (CVD) were recruited. miRINA levels in plasma were measured during disease manifestation and
serially during treatment phase. Levels of multiple candidates (miR-1, miR-133, miR-208, miR-499) were
analysed. The miRNA levels were directly compared between NSTEMI and healthy volunteers.

Results: Cardiac related miRNAs levels demonstrated significant increase compared with healthy
controls. miR-499 exhibited the highest elevation with more than 6.03-fold change compared with healthy
participants. Conventional ¢TnT measurements were in good agreement to miRNA relative expressions.
In serial measurements, miR-499 demonstrated large fluctuations and could be linked to the secondary
complications. In contrast, miR-133 showed insignificant variations in mean levels during serial sampling.
Conclusions: miRNA is a potentially sensitive biomarker for NSTEMI AMI patients for disease detection

and treatment monitoring. The sensitivities were comparable to ¢TnT for diagnostic accuracy and patients

with sustained or higher levels were correlated to secondary complications.

Keywords: Circulating biomarkers; acute myocardial infarction (AMI); miRNA; NSTEMI; miR-499

Submitted Dec 03, 2017. Accepted for publication May 10, 2018.

doi: 10.21037/jtd.2018.05.141

View this article at: http://dx.doi.org/10.21037/jtd.2018.05.141

Introduction

Cardiovascular disease (CVD) is a chronic ailment that
affects millions worldwide (1). It is a significant cause
of mortality, with a worsening trend in developing
countries (2). In China, the mortality rates approximate
280 per 100,000 people in 2014 (3). It is the leading cause
of death in China in 2014 with cancer deaths a distant
second (3). A correct diagnosis and prognosis is important
that may provide better immediate care. For instance,
acute myocardial infarction (AMI) patients can be placed
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on immediate initiation of reperfusion therapy to restore
blood flow. Creatine kinase-MB (CK-MB) isoenzymes
and cardiac troponins are commonly used biomarkers for
detection and treatment monitoring (4). These markers
have demonstrated clear clinical utility to help manage
the disease (5). However, in certain cases such as geriatric
patients with non-ST-elevation MI (NSTEMI), these tests
are often challenging to interpret (6). The exploration of
new biomarkers that can provide sensitive and real time
probing to the acute condition is necessary.

Several classes of circulating biomarkers within plasma
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demonstrated strong potential to fill in the gaps in disease
detection and prognosis (7). These include circulating
microRNAs (miRNAs) (8), mitochondrial DNA (9) and
nuclear DNA (10) that show strong significance to different
stages of CVD. The main advantage is faster response time
upon disease onset compared with existing markers such
as conventional cardiac troponins. Both cardiac troponin
T (¢TnT) and cardiac troponin I (¢Tnl) show significant
elevated levels only around 6 hours, and even with newer
generation of high sensitive immunoassays, it is still difficult
to diagnose early AMI (7). In comparison, nucleotide based
biomarkers in blood have been observed to be detectable
after 1 hour (11), potentially allowing quicker diagnosis of
the condition. In prior studies, several miRNNAs have been
proposed such as miR-1 (12) and miR-133 (13), which are
cardiac-specific markers. Other studies point to the usefulness
of miR-208 and miR-499 in the disease management of
CVD (14). This forms the basis of our current study and the
selection of suitable miRNAs in our patient cohort.

In the current study, we hypothesize that miRNAs
can play an essential role in early detection and patient
monitoring. We are further interested to address if
variations in miRNA levels correlate to secondary
complications, given the short half-life of these molecules.
miRNAs are small size non-coding RNA and its biological
functions are not fully understood (15). Previous studies
have implicated its presence to cellular regulatory functions
such as cell proliferation, differentiation and program cell
death (16,17). Certain miRNAs are cardiac specific (18)
and preliminary studies highlight their critical roles in
development and function (19,20). The main objective
of the current study is to examine the miRNA levels in
NSTEMI patients during disease onset and therapy. Serial
sampling is conducted to understand the markers’ variations
during disease development.

Methods
Patient groups and disease characteristics

For this study, a total of 145 patients were recruited. These
patients had presentation of AMI and were NSTEMI cases.
The study design process is outline in Figure 14. Patients
were admitted to the First Affiliated Hospital of Lanzhou
University and provided written informed consent to be part
of the study. All procedures regarding patient recruitment
and sample processing were approved by the institutional
review board (IRB, 2543/00135). All procedures performed
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in studies involving human participants were in accordance
with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. The details and risk factors associated with
these participants are presented in 7able 1. The mean age
of the cohort was 67 (95% CI, 63-71) years old. NSTEMI
was diagnosed following guidelines of the American
College of Cardiology (21). Briefly, the study patients
were presented with acute ischaemic-type chest pain and
clinically diagnosed by biochemical markers. Adjudication
of the final diagnosis was provided by the attending
cardiologist. Patients with renal disease were excluded
from this study due to the influence on cardiac troponin
levels. To ensure a better comparison, 30 healthy volunteers
with a similar mean age of 65 years old were recruited.
All healthy volunteers had normal electrocardiographic
findings and with no history of CVD. The gender ratio was
1:1 (male:female). Most healthy volunteers were recruited
during annual health check-ups at the hospital.

Sample collection schedule and blood processing

The first blood sampling was conducted 2-4 hours
upon admission and both miRNA levels and troponin
T measurements were conducted. This ensured a fair
comparison among two distinct parameters. For serial
measurements, a total of 5 mL of blood was taken each day
for a total of 10 days for collection of miRNAs and cardiac
troponin levels. To recover plasma, samples were spun at
10,000 g in a high-speed centrifuge for 10 minutes at 4 °C.
The supernatant was carefully removed to a new centrifuge
tube and spun down again using the same setting to remove
any contaminating cellular debris. Plasma was split into
2 tubes for miRNA detection and the other for biochemical
analysis. Plasma for miRNA detection was processed
immediately to convert to cDNA before storage. Samples
were stored at -20 °C prior to further processing.

Quantification of miRNAs in plasma and biochemical
processing for cardiac troponin

The current study examined a number of miRNAs from
clinical blood and healthy volunteers. These included
miR-1, miR-133, miR-208 and miR-499. As a first
step, small RNA fragments were recovered from
plasma specimens at different time points using the
mirVana miRNA Isolation Kit (Ambion, Thermo Fisher
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Figure 1 Baseline miRNA measurements and comparison. (A) Workflow process for study recruitment and sample collection. Patients

excluded were patients diagnosed with STEMI, patients who withdrew consent and patients where were subsequently detected with renal
disease; (B) relative expression of miRINA among healthy volunteers and AMI patients; (C) comparison with ¢TnT measurements show good

correlation; (D) comparison of diabetic vs. non-diabetic patients. AMI, acute myocardial infarction. **, P<0.01.
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Table 1 Clinical characteristics and blood biochemistry readings from AMI patients and healthy volunteers

Variables NSTEMI subjects (n=145) Healthy participants (n=30)
Mean age (yrs) 67 65
Male:female 56:89 1:1
Risk factors
T2DM 63 (43%) 0 (0%)
BMI (mean) 28.9+6.3 21.3+4.3
Current smoker 79 (54%) 14 (47%)
Family history 61 (42%) 0 (0%)
Hyperlipidemia 107 (74%) 0 (0%)
Hypertension 97 (67%) 0 (0%)
Blood chemistry parameters
Glucose (mmol/L) 9.12+2.81 5.42+0.83
Myoglobin (ug/L) 382+79 48+13
CK-MB (nmol/L) 0.52+0.06 0.06+0.02
cTnT (ng/mL) 0.88+1.82 0.01+0.01
Total cholesterol (mmol/L) 5.36+0.42 5.76+0.93
HDL 1.12+0.35 1.58+0.33

AMI, acute myocardial infarction; CK-MB, creatine kinase-MB; cTnT, cardiac troponin T.

Scientific, USA). The processing steps strictly following
manufacturer’s instructions to obtain small RNAs lesser than
200 nucleotides. For reverse transcription, the miSecript I1
RT Kit (Qiagen Inc. USA) was used for cDNA generation.
RT-PCR was performed on the Applied Biosystems
Veriti"™ Thermal Cycler (Thermo Fisher Scientific, USA).
Samples were stored before batch processing for measuring
the different miRNA levels. For detection of miRNA,
quantitative PCR (qQPCR) was performed using primers
procured from the miScript Primer Assay (Qiagen Inc.,
USA) and qPCR reagents using the miScript SYBR Green
PCR Kit (Qiagen Inc., USA). qPCR was performed on the
Applied Biosystems 7500 system (Thermo Fisher Scientific,
USA). For cardiac troponin T (¢TnT) measurements, this was
performed on the fourth generation assay using the Elecsys®
Troponin T high sensitive (Roche Diagnostics, USA).

Statistical analysis

All data were single blinded and laboratory personnel
performing the assays were not provided with the clinical
details of the patients. The results were analysed using
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MedCalc (IBM, USA) or Prism 6.0 (GraphPad, USA).
Differences among the study groups at baseline were
compared using a Student’s #-test to gauge clinical relevance
of miRNA measurements. Receiver operating characteristics
(ROC) curves were generated to assess the accuracy of each
miRNA. Correlation with cardiac troponins was calculated
using the Spearman’s rho correlation coefficient. A one-
way ANOVA with repeated measures was computed for
serial comparisons of miRNA levels in AMI patients. All
variables are represented as mean and standard deviation
unless otherwise specified. P values of less than 0.05 in each
statistical test were considered significant.

Results

Study design, patient characteristics and baseline miRNAs
levels

A total of 145 AMI patients were enrolled for the study.
The gender ratio was 56:89 (male:female). Another
30 healthy volunteers were recruited to provide a direct
comparison of miRNA levels with AMI patients. Details
of sample collections and comparisons are outlined in
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Figure 1A4. For all patients, NSTEMI was confirmed and
was the target focus group for this study. The study design
captured the baseline miRNA levels shortly upon admission
and consecutively for 10 days to chart out the variations
during disease treatment. Tzble 1 shows the patients’
characteristics and baseline clinical data upon admission.
Among the patient group, 43 % were diabetics, average BMI
was 28.9 and 42% had family history of CVD. For healthy
volunteers, a comprehensive physical examination coupled
with a health questionnaire ensured that patients were
relatively at low risk of CVD and were non-diabetics.

The baseline miRNA levels are shown in Figure 1B.
NSTEMI patient results were presented with significantly
higher levels than healthy volunteers for all four different
miRNAs using an unpaired Student’s z-test. It was observed
that the fold changes for AMI patients varies across different
miRNA measurements. Among the four measurements,
miR-1 registered the least amount of change and mean
average differences were 1.69 folds higher (P<0.001). The
largest change was observed in miR-499 quantities with
mean average difference of over 6.03 folds (P<0.001).
For miR-133 and miR-208, the differences between AMI
patients and healthy controls were 2.40 folds (P<0.0001)
and 3.63 (P<0.0001) respectively. These results indicated
the strong clinical relevance of miRNA measurements
to the disease. Comparing with conventional cardiac
troponin measurements at baseline, we observed significant
correlation with three of four different measurements
(Figure 1C). Spearman’s correlation coefficients for
miR-1, miR-133, miR-208 and miR-499 were 0.572, 0.511,
0.496 and 0.605 respectively. Among the four parameters,
miR-499 was most significantly associated with ¢TnT
measurements for the current study population. To better
ascertain the clinical relevance of miRNAs, potential
confounding factors were checked against. Based on the
patient background, it was observed that a significant
portion of the cohort were diabetics (43%). The analysis
of miRINA levels was split between patients with diabetes
mellitus and those without. Figure 1D showed that there
was insignificant statistical evidence to conclude that
diabetes had a critical role in these AMI patients. Using a
Student’s #-test, there was insignificant evidence to conclude
any difference in relative mean detected miR-499 quantities
in these two groups (P=0.333).

ROC curve analysis of miRNAs

To evaluate the diagnostic accuracy of miRNA used in our
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study of NSTEMI patients, ROC curves were plotted and
compared with the corresponding ¢ITnT derived curves.
Figure 2 shows the results of the analysis for different
miRNA markers. Of the four different analysis, we observed
that miR-499 was most significant. For comparison of
studies using the ¢TnT-hs test, we observed three of four
assays demonstrated higher AUROC values comparing
with ¢TnT. Figure 24 shows the direct comparison of
miR-1 with a similar AUROC of 0.7731 compared to 0.778
for ¢cTnT-hs (P<0.05). Using miR-133, the associated
AUROC (Figure 2B, 0.9280, P>0.05) was much higher
than the ¢TnT derived value. miR-208 and miR-499 had
similar AUROC in our cohort analyses. The AUROC
calculated from the miR-208 assay was 0.9940 (P<0.05) as
shown in Figure 2C. For miR-499 result (Figure 2D), the
AUROC measurement was 0.9945 (P<0.05). These results
are suggestive of the ability of miRNAs in the diagnosis
of AMI for NSTEMI patients with most assays showing
diagnostic accuracy superior than the conventional ¢TnT
IMmunoassay.

Serial measurements of miRNAs for AMI patients

The quantities of each individual miRNA were collated for
a consecutive 10 days to gauge the trends during disease
management. As a negative control, the same analysis
was conducted on the healthy volunteers to gauge the
stability of the miRNA levels. Figure 3 shows the plot of the
coefficient of variations (CV) for the healthy participants
for the 10-day measurements. Median CV value for healthy
individuals was 8.14%. Maximum value was 15.3%. These
values were fairly low and indicated stable readings in
the healthy group for this short-term measurement. For
miRNA trending characteristics in NSTEMI patients,
there were distinct differences. miR-133 serial analysis
showed a relatively uniform profile over the course of
10 days among all 145 patients (Figure 44). Repeated
measures ANOVA indicated insignificant changes in the
values for the patient group (P=0.684). For miR-1, miR-
208 and miR-499, initial dip in levels were observed after
treatment were administered. The lowest mean levels for
miR-1 (Figure 4B) and miR-499 (Figure 4C) were seen on
day 2. The lowest mean level for miR-208 was registered
on day 4 (Figure 4D). Interestingly, a number of patients
experienced a spike in miR-499 levels post day 5 and mean
levels were monotonic increasing thereafter. Patients were
subsequently monitored for any post-AMI complications as
part of routine clinical management and it was observed that
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Figure 2 ROC analysis of miRNA: (A) miR-1 demonstrating AUROC of 0.7731; (B) miR-133 demonstrating AUROC of 0.9280; (C) miR-
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Figure 5 Association of secondary complications with relative levels of miR-499 on day 5 and day 10. **, P<0.01.

a significant number who experienced one or more adverse
events. These included ischemic complications (angina and
reinfarction) and arrhythmic complications. Reinfarction
was defined as angina or anginal equivalent accompanied by
a rise in serial high sensitivity troponin T" measurements.
Interestingly, different trends in miRNA levels were seen
in patients with different clinical outcomes. The patient
group was split into two subgroups based on whether
patients had any post-AMI complications and relative levels
of miR-499 analyzed on different days. Figure 5 shows the
comparison at day 5 and day 10. The results indicated that
on both days, the patient subgroup without any post-disease
complications were markedly lower for levels in miR-499.
Statistical results were performed using Student’s t-tests and
indicated a lower P value at day 10. Potentially, this could
be useful to identify high risk individuals susceptible to
further complications post-AMI.

Discussion

It is of interest to address other forms of potential
biomarkers suitable for diagnosis and prognosis of cardiac
events. In particular, the study’s intent is to address the
levels of miRNAs in NSTEMI patients. The symptoms
and conventional disease measurements associated with
NSTEMI may be atypical, especially in geriatric patients (6).
This can be due to external devices (cardiac pacemaker)
or diffused ECG changes as a result of chronic ischemic
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cardiomyopathy (22,23). A total of 145 subjects were
involved to assess the clinical value of four different miRNAs
and were monitored for a 10-day period to track the trends
associated with the disease. NSTEMI cases are of particular
interest due to the insensitivity of conventional cardiac
troponin tests (24). In our patient cases, after diagnosis
was made of NSTEMI, majority received antiplatelet
therapy before further assessment of individual risks. Of
the 145 patients, 58 were considered high risk and coronary
angiography was carried out and percutaneous coronary
intervention (PCI) was performed if required. miRNAs
are also advantages as a disease parameter as their expected
half-life in the body’s circulatory system is short (25)
and may be able to show instantaneous changes during
disease development. Our results demonstrated good
correlations to ¢T'nT" high sensitive test, which is currently
one of the main routine assays used to detect MI events.
Based on various clinical reports, ¢I'nT high sensitive tests
outperforms conventional ¢cTnT (4™ generation) assays
(26-28) and our study established that miRNA were
comparable if not superior in diagnostic accuracy. Serial
measurements were also of particular attention as increased
levels of miRNA levels appeared to be correlated to
secondary complications after AMI onset. This assay
potentially can complement current disease management
routines to better identify patients with undesirable
outcomes.

At baseline reference measurements for NSTEMI
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patients, we observed elevated levels in all four miRNAs
compared to healthy volunteers. This was critical as it
established a clear clinical association of these markers to
the disease for this particular patient group. Our results
were consistent with several other studies in measuring
various patient groups with different miRNAs (12,13,29,30).
Al et al. addressed the diagnostic performance of miR-1 in
159 admitted patients with a AUROC curve of 0.85 (12).
Kuwabara et 4l. revealed a strong association of myocardial
damage with levels of miR-133 (13). Olivieri ez al.
discovered that miR-499 can be an effective biomarker for
geriatric patients (30). In addition, the miRNAs selected in
our panel are mostly cardiac specific. In prior studies, miR-1
and miR-133 had been demonstrated to play critical roles in
development and cardiac functions (20,31,32). This makes
miRNAs an attractive specific target in the management of
CVD. In our study, we observed at least 1.69-fold changes
with miR-1 and the maximum fold change was associated
to miR-499. Furthermore, we demonstrated that this was
not due to other significant diseases like diabetes mellitus.
Potentially the diagnostic performance of miRNA in
NSTEMI patients could be specific and our ROC analysis
showed miR-499 had the highest value of AUROC among
the four different candidates. This also closely matched
c¢TnT-hs assays values with a significant correlation
coefficient. In our temporal measurements, we observed
significant fluctuations in readings for 3 of 4 miRNAs tested
whereas values for cardiac troponins remain relatively
constant throughout. We postulate that the changes that
were captured could be a result of disease development.
Thus, besides providing critical information on disease
severity and diagnosis, further monitoring of the parameter
could be useful in the management of the disease.
Clearance of miRNAs from the circulatory system is
fairly rapid from previous studies (25) and hence may be a
good indicator for the real time changes in the disease. Of
the four tested parameters, miR-133 serial sampling trend
matches that of ¢I'nT and showed insignificant variability
within these 10 days. This can potentially be useful in cases
where cardiac troponin measurements may be hindered
such as in geriatric patients. Among the other three miRNA
parameters, we observed fairly interesting trends. In the
same sample measurement, we noticed that the rate of
decrease in the other three miRNA levels varies and miR-
133 was the least responsive. This could be related to the
state of the disease and would warrant a larger mechanism
study in the future to address the molecular functions
of these miRNAs. Our study demonstrated clear clinical
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benefits in short term monitoring for these patients. Given
that miR-499 had the largest difference in measured levels
during disease onset and after treatment, we used this
parameter to correlate to secondary complications that
occurred in a subset of patients. It was statistically significant
at day 5 that the patient subgroup without complications
had lower mean miR-499 levels. At day 10, we observed that
difference in levels were higher and the P value comparing
both subgroups of patients were lower. This potentially
can be a useful tool to address the difficulties in identifying
patients at high risk of complications arising from the MI
event. Interesting, similar deductions on other patient
groups suffering from AMI was noted in plasma circulating
DNA levels where changes in absolute levels were a
good indicator to identify high risk individuals. It will be
interesting to further link these molecular changes to the
development of complications that are associated with ML
One limitation of the current study is the lack of comparison
with possibly chest pain patients without AMI to address its
sensitivity and specificity in detecting infarction for patients
in the emergency department. We had compared with
healthy volunteers in this study to establish baseline levels
in individuals without clear indications of CVD. Future
work to focus on comparisons with chest pain patients
with CVD will be useful to strengthen the use of miRNAs
in early disease detection. It will also be interesting to
understand if these markers are affected in cases of heart
failure as these patients can present with chest pain and
elevated troponins as well. Heart failure is one of the major
causes of morbidity and mortality, and additional diagnostic
assays will better aid in disease control. For more detailed
analysis on these markers, it will be useful to understand
their dynamics during disease manifestations. Prior studies
had established in certain patient groups that some of the
markers have appeared faster in blood than troponins (7).
Understanding the dynamics in our patient group will allow
better clinical management. Nonetheless, our study adds to
the tools available for better management of the disease and
showed that various cardiac related miRNAs is suitable and
sensitive to changes in MI that can be used for diagnostics
as well as for monitoring disease development in patients.

Conclusions

The present work examines the levels of miRNA in blood
samples of NSTEMI patients suffering from AMI to
establish their possible roles as a good disease biomarker.
Our work focused on miR-1, miR-133, miR-208 and
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miR-499, given their close affinities to cardiac functions.
Reference measurements showed clear distinct diagnostic
performances comparable to troponin. We observed
significant variability in a number of miRNAs tested and
this could also possible link to post MI complications.
Overall, miRNA measurements provide a fast and sensitive
tool to complement existing techniques that can be
beneficial to better manage the disease.
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