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Comparison of plasma microRNA-1 and cardiac
troponin T in early diagnosis of patients with acute
myocardial infarction
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BACKGROUND: Early reperfusion can effectively treat acute myocardial infarction (AMI) and
reduce the mortality significantly. This study aimed to compare the role of plasma microRNA-1 (miR-1)
and cardiac troponin T (cTnT) in early diagnosis of AMI patients.

METHODS: From May 2011 to May 2012, plasma samples were collected from 56 AMI patients
and 28 non-AMI controls. The expression of plasma miR-1 was measured by quantitative reverse
transcription-polymerase chain reaction (QRT-PCR), and the level of plasma cTnT was measured
using electrochemiluminescence-based methods on an Elecsys 2010 Immunoassay Analyzer. SPSS
16.0 was used for the statistical analysis of the results. Data were expressed as meanztstandard
deviation unless otherwise described. The differences about clinical characteristics between the AMI
patients and controls were tested using Student's t test or Fisher's exact test. The Mann-Whitney U
test was conducted to compare the expression of microRNAs between the AMI patients and controls.
MicroRNAs expression between different intervals of the AMI patients was compared using Wilcoxon's
signed-rank test. The receiver operating characteristic (ROC) curve was established to discriminate the
AMI patients from the controls.

RESULTS: In the present study, the expression of plasma miR-1 was significantly increased in
the AMI patients compared with the healthy controls (P<0.01). The plasma miR-1 in the AMI patients
decreased to the normal level at 14 days (P>0.05). The expression of plasma miR-1 was not related
to the clinical characteristics of the study population (P>0.05). ROC curve analyses demonstrated
that miR-1 was specific and sensitive for the early diagnosis of AMI, but not superior to cTnT.

CONCLUSION: Plasma miR-1 could be used in the early diagnosis of AMI, but it is similar to cTnT.
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INTRODUCTION
Acute myocardial infarction (AMI), which has a

high morbidity and mortality worldwide, is the acute
necrosis of myocardial tissue due to persistent and severe
ischemia. According to a survey in 2008, approximately
three to four million people were estimated to suffer
from AMI each year.""! Early reperfusion can effectively
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treat AMI and reduce its mortality significantly.

How to make a timely diagnosis of AMI is important
in clinical practice. The circulating levels of cardiac
tropnins (cTns) are considered the "gold standard" for
the early diagnosis of AMI because cTns are both highly
specific and sensitive for cardiac injury. However,
studies™ have shown that cTn concentrations were also
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elevated in patients with end-stage renal disease (ESRD)
and that these molecules might serve as biomarkers for the
outcome and prognosis of the disease. Therefore, there are
still some weaknesses of cTns in the diagnosis of AMI.

Recent studies'™” have suggested that microRNAs
(miRNAs) can regulate gene expression and play critical
roles in various pathophysiological processes. Each
miRNA can regulate several distinct target mRNAs, and
conversely, single mRNAs can be targeted by several
distinct miRNAs.!” Many miRNAs, which demonstrate
tissue- or cell-specific distributions, can be detected in
the peripheral blood or plasma.”* In addition, the levels
of circulating miRNAs are characteristically altered
in individuals with various pathological conditions,
indicating that circulating miRNAs may be useful
diagnostic biomarkers for specific diseases.”"”

Studies'"'"'"! have shown that the levels of several
miRNAs in the blood and/or plasma alter during AMI,
suggesting that circulating myocardial-derived miRNAs
might be good biomarkers for the diagnosis of AMI.

The objectives of the study were to measure the level
of circulating miR-1, the concentration of cardiac troponin
T (¢cTnT) in AMI patients, so as to analyze the utility of
miR-1 as a novel biomarker for the early diagnosis of AMI
and compare its diagnostic value with that of cTnT.

METHODS
Clinical specimens

Fifty-six patients diagnosed with AMI as well as twenty-
eight healthy volunteers without AMI were enrolled in
this study. In accordance with the guidelines, patients with
increased cTnT or creatine kinase-MB (CK-MB) levels
combined with chest pain lasting for >30 minutes and
electrocardiogram (ECG) findings such as new pathological
Q waves or ST-segment elevation or depression were
diagnosed with AML"* The study protocol was approved
by the Ethics Committees of Sun Yat-Sen University, and
written informed consent was obtained from all participants.

Plasma collection and storage
Venous blood samples (5 mL) from AMI patients

were collected on day 1 within 12 hours and at 24 hours
of the onset of symptoms as well as on day 14. Due to the
progression of disease, only 12 samples from patients with
AMI were analyzed on day 14. Venous blood samples
from the 28 volunteers were collected regardless of time
period. All the samples were collected using K2-EDTA-
coated tubes. Plasma was isolated by centrifugation at 1 000
g for 10 minutes at 4 °C, followed by centrifugation of the

supernatant at 14 000 g for 15 minutes at 4 °C. The plasma
was transferred into RNase/DNase-free tubes and stored at
—70 °C until RNA extraction.

RNA isolation
Total RNA was isolated from plasma using the TRIzol

LS" reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer's instructions and dissolved in 10
mL of diethylpyrocarbonate (DEPC)-treated water. The
concentration and quality of the RNA samples were
determined using a BioPhotometer (Eppendorf).

Quantitative reverse transcription-
polymerase chain reaction (QRT-PCR)

The Bulge-LoopTM miRNA qRT-PCR Primer Set
(RiboBio Co, Guangzhou, China) was used to detect
and quantify the expression of miR-1 according to the
manufacturer's instructions; a Caenorhabditis elegans
microRNA (cel-miR-39) was used as the internal
control.”’ Total RNA (0.5 pg) from each sample was
reverse transcribed using microRNA-specific primers
and M-MLYV reverse transcriptase (Promega, Madison,
WI, USA). The reaction was carried out for 60 minutes
at 42 °C, followed by 10 minutes at 70 °C, and the
resulting cDNA was stored at —20 °C until use.

The qRT-PCR reactions were performed on the PRISM
7900HT sequence detection system (Applied Biosystems,
Carlsbad, CA, USA) in 20 pL reactions containing 2 pL of
reverse transcription product, 2 uL. of PCR forward primer
(5 pmol), 2 pL of Universal Adaptor PCR primer (5 pmol), 9
pL of Platinum SYBR Green qPCR SuperMix-UDG reagent
(Invitrogen, Carlsbad, CA, USA), and 5 pL of ddH,0. The
reactions were incubated at 95 °C for 2 minutes, followed
by 40 cycles of 95 °C for 15 seconds, 60 °C for 30 seconds
and 95 °C for 15 seconds. The samples were then heated
from 60 °C to 95 °C to obtain melting curves. Reactions
containing either no reverse transcriptase or no template
were used as negative controls, and all assays were
performed in triplicate. The relative expression values of
the miR-1 were calculated using the 2**Ct method."”

cTnT determination
The levels of plasma ¢TnT were determined using

electro-chemiluminescence-based methods with the
Elecsys 2010 Immunoassay Analyzer (Roche Diagnostics,
Switzerland) according to the manufacturer's protocol.
cTnT<0.04 ng/mL was defined as normal.

Statistical analysis
The Statistical Package for Social Sciences,
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version 17.0 (SPSS, Inc., Chicago, IL, USA), was used
for the statistical analysis. All data are presented as
the meantstandard deviation (y+s) unless otherwise
noted. The microRNA levels measured in each AMI
patient at different time points were compared using
the Wilcoxon's signed-rank test. The Mann-Whitney
U test was conducted to compare the expression of
microRNAs between the AMI patients and controls. The
significance of the differences in clinical characteristics
between the AMI patients and controls was tested
using Student's ¢ test or Fisher's exact test. Receiver
operating characteristic (ROC) curves were established
to discriminate between the AMI patients and controls.
P<0.05 was considered statistically significant.

RESULTS

Clinical characteristics of the study population
In the present study, we enrolled 56 patients with

AMI and 28 controls. The clinical characteristics of each
group are listed in Table 1. The mean age of the AMI
patients was 63.95+11.34 years, and the mean age of the
controls was 60.50+9.10 years (P=0.166). Both groups
were predominantly males (44/56 in the AMI group and
20/28 in the control group; P=0.468). The mean cTnT
level at admission in the AMI patients was 1.35+1.10
ng/mL, which was significantly higher than the mean
c¢TnT level in the control group (P<0.01). There were no
significant differences in any other clinical characteristics
between the AMI and control groups.

Circulating miR-1 level was elevated in the
AMI patients

To determine the circulating miR-1 level in the AMI
patients, we investigated the difference of the plasma
level of miR-1 between the AMI patients and controls.
As shown in Figure 1, the plasma concentration of miR-1
was markedly elevated in the AMI patients relative to the
controls (P<0.01).

We also measured the level of miR-1 in plasma from

Table 1. Clinical characteristics of the study population

Variables Control (n=28) AMI (n=56) P value
Age (years) 60.50+9.10  63.95+11.34 0.166
Male/Female (n/n) 20/8 44/12 0.468
Currently smoking (n, %) 12 (42.86) 27(48.21)  0.643
Diabetes mellitus (n, %) 3(10.71) 10 (17.86)  0.594
Hypertension (n, %) 13 (46.43) 33(58.93) 0.278
Hyperlipidemia (n, %) 12 (42.86) 30(53.57)  0.355

Systolic blood pressure (mmHg) 124.54+10.08 130.57+£15.34 0.063
Diastolic blood pressure (mmHg) 79.25+7.02  81.5249.42 0.264
Cardiac troponin T (ng/mL) 0.03+0.02 1.35¢1.10 <0.01
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the AMI patients on day 14, finding that the miR-1 level had
decreased to the baseline level, which was not significantly
different from the level in the controls (P>0.05) (Figure 2).

Circulating miR-1 as potential predictor of AMI
To evaluate the predictive power of circulating miR-

1 for AMI, we performed ROC analysis for 56 patients
with AMI. As shown in Figure 3, the areas under the ROC
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Figure 1. Level of circulating miR-1 in the AMI patients at time of
admission in hospital. The plasma levels of miR-1 were significantly
increased in the AMI patients (n=56) compared with the controls (#=28)
(P<0.01).
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Figure 2. Alteration of plasma miR-1 levels in the AMI patients. MiR-
1 was markedly increased in plasma samples gathered within 12 hours
after the onset of AMI (day 1). At hospital discharge (day 14), miR-
1 had returned to baseline levels similar to those in the controls (n=28
controls, n=56 AMI patients at day 1, n=12 AMI patients at day 14).
The values represent the fold changes of miR-1 in the AMI patients
relative to the controls. The results are presented as the means +
standard deviation. "P<0.01 vs. the controls.
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Figure 3. Comparisons of the sensitivity and specificity of the diagnosis
by plasma miRNA-1 and cTnT in the AMI patients. ROC curves were
constructed to evaluate the diagnostic values of miR-1 for the AMI
patients in comparison with cTnT. AUC: area under the ROC curve.
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curve (AUC) for miR-1 was 0.8540 (95% confidence
interval, 0.8116-0.8964) and the AUC measured for ¢cTnT
was 0.9592. This result demonstrated that miR-1 had
marked sensitivity and specificity for AMI. However, it
was not superior to cTnT for the diagnosis of AMI.

DISCUSSION
In our study, we found that the level of miRNA-1

was significantly increased in patients after AMI
compared with the level in healthy volunteers, and our
data indicated that the elevated expression of miR-1 was
coincident with the progression of AMI. As we know, in
the early stages of AMI, pathological changes such as
myocardial ischemia, hypoxia, edema, and necrosis occur
rapidly, followed by the release of necrotic products, such
as cardiac troponins (cTns), creatine kinase (CK) and
brain natriuretic peptide (BNP), into the blood-stream.
These established biomarkers can be useful for the early
diagnosis of AMI. The results of the present work suggest
that miRNA-1 might leak out of the necrotic myocardium
and into the circulation during the early stages of AMI,
and the level of miR-1 would thus become elevated as the
AMI progresses; therefore, it might be a useful biomarker
for the early diagnosis of AML

AMI is a leading cause of death in both developed
and developing countries, and the mortality rate of this
disease can be reduced by early diagnosis. According
to the recent redefinition of myocardial infarction,
troponins are more sensitive and specific measures of
myocyte necrosis with respect to AMI diagnosis than
CK-MB, BNP, and CRP.”*** Nevertheless, cTns, as is
said previously, have several weaknesses. Therefore, it is
important to continue the search for new biomarkers with
higher sensitivity and specificity for the early diagnosis
of AML.

Several recent studies have reported that the levels
of circulating, cardiac-specific miRNAs were altered
in conjunction with the progression of cardiovascular
diseases; therefore, these miRNAs might be promising
novel biomarkers for the diagnosis of AMI.

The findings from the present study are consistent
with those reported in recent articles, indicating that
level of the circulating miR-1 was increased during AMI
and were significantly higher than those in the healthy
volunteers. The level of miR-1 decreased to normal on
day 14. We also analyzed the concentration of ¢cTnT
during AMI. We performed ROC curve analyses to
determine the diagnostic value of miR-1 and to compare
it with ¢TnT. The results of these analyses indicated

that circulating miR-1 is specific and sensitive for the
early diagnosis of AMI and that it is a promising novel
biomarker for AMI. We found that although there were
positive relationships between miR-1 and ¢TnT during
the progression of AMI, circulating miR-1 was not
superior to cTnT for the early diagnosis of AMI.

According to these results, cTnT seems to be more
sensitive and specific than circulating miR-1 in patients
with AMI. This study verified the diagnostic value of
miR-1 in the early stage of AMI and compared it with the
established biomarker cTnT. We found that miR-1 might
serve as a novel biomarker for the diagnosis of AMI;
however, the diagnostic value of circulating miR-1 was
not superior to that of cTnT. We propose that because of
its high sensitivity and specificity miR-1 could be used
to distinguish AMI in AMI patients with ESRD or other
diseases so as to reduce the mortality of AMI. However,
our work has some limitations, including the small
sample size. Therefore, additional studies with larger
cohorts of healthy volunteers and patients are needed to
demonstrate the diagnostic value of miR-1 as a practical
biomarker.
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