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A B S T R A C T

Aims: This study aims to investigate the value of the expression of miR-208, miR-494, miR-499 and miR-1303 in
the early diagnosis of acute myocardial infarction (AMI).
Main methods: Patients were divided into two groups: AMI group (n=41), and Stable angina pectoris (SAP)
group (n=32). Peripheral venous blood was sampled from these patients at the time of admission (T0), 6 h after
onset (T6) and 12 h after onset (T12), while blood was sampled once from healthy subjects who underwent
physical examination in the same time period (control group, n=10). The expression of miR-208, miR-494,
miR-499 and miR-1303 in serum were detected by real-time quantitative polymerase chain reaction (qRT-PCR),
and differences in miRNA expression among these three groups of patients were analyzed.
Key findings: Serum miR-208, miR-494, miR-499 and miR-1303 expression levels at different time points were
significantly higher in the AMI group than in the SAP group and control group. The differences among these
groups were statistically significant (P < 0.05), while the difference between the SAP group and control group
was not statistically significant (P > 0.05). Variation trend: The miRNA levels above began to increase at T0 in
the AMI group, the peak levels of miR-208, miR-494 and miR-499 appeared before T12, and the peak level of
miR-1303 appeared between T6 and T12, or after T12.
Significance: miR-208, miR-494, miR-499 and miR-1303 were not superior to hs-cTnI as myocardial markers in
the diagnosis of early acute myocardial infarction.

1. Introduction

At present, coronary heart disease (CHD) has become one of the
main causes of mortality in China, among which acute myocardial in-
farction (AMI) takes the highest proportion [20]. The early and accu-
rate diagnosis of AMI is the most effective approach to reduce mortality
and improve prognosis. At present, cardiac markers commonly used in
the clinical diagnosis of AMI include creatine kinase-MB (CK-MB),
cardiac troponin T (cTnT), cardiac troponin I (cTnl), myoglobin (Myo),
etc. [36]. The most commonly used marker is hs-cTnI [23]. The dis-
advantage of hs-cTnI is the time limit. That is, hs-cTnI can only be
detected within 3–4 h after the myocardial infarction. Therefore, a new
type of highly sensitive, specific and early detectable myocardial bio-
marker is urgently needed.

In recent years, microRNAs (miRNAs) have gained increasing at-
tention. miRNA in the blood circulation of cancer patients can also be
used for diagnosis and prognosis [7,17,25]. The value of miRNAs in

diagnosing AMI has also been confirmed by recent studies [29]. It has
been reported that miRNA208 could affect proliferating cardiomyo-
cytes and myocardial hypertrophy [19] and miRNA499 could promote
the differentiation of cardiac progenitor cells into myocytes [35].
miRNA494 was demonstrated could protective myocardium against
ischemia-induced cardiac injury [31]. Therefore, these cardiac specific
or cardiac-enriched miRNAs might be useful biomarkers for screening
AMI. At present, most studies on miRNA in myocardial infarction show
that miRNA-208 and miRNA-499 are up-regulated after myocardial
infarction [3,8,9,19,35]. But there is no clear conclusion on when the
upregulation of miRNA-494 and its change rule after myocardial in-
farction. Studies have proposed that miRNA-1303 is also related to
myocardial infarction [32], but there are few related studies and no
consistent conclusion.

In this study, the expression of the above miRNAs in the serum of
patients with acute myocardial infarction at different times was de-
tected, to explore when the expression of these miRNAs was abnormal
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after myocardial infarction and when they returned to normal, and to
evaluate the value of these miRNAs in the early diagnosis of myocardial
infarction compared with the traditional myocardial markers.

2. Subjects and methods

2.1. Subjects

2.1.1. Patients source
Patients who visited Yulin First People's Hospital from October 2015

to October 2016 due to typical chest pain within 3 h were randomly
included into the present study. According to the patient's clinical
symptoms and related test results, and indications for coronary angio-
graphy, and based on the 2010 Diagnostic Criteria for Myocardial
Infarction and Stable Angina. Patients who met the enrollment criteria
were divided into two groups: AMI group (n=41), and Stable angina
pectoris (SAP) group (n=32). During the same period, age- and
gender-matched healthy subjects without cardiovascular disease were
enrolled as the control group (n=10). All patients were admitted to
the hospital for the first time. No surgery or drug treatment was per-
formed before the first blood sampling. These patients were informed of
the contents of the trial, and provided an informed consent. This study
was conducted in accordance with the declaration of Helsinki. This
study was conducted with approval from the Ethics Committee of Yulin
First People's Hospital (The Sixth Affiliated Hospital of Guangxi Medical
University). No approval number is applicable.

2.1.2. Inclusion criteria
AMI group: Within 3 h after the chest pain, a diagnosis of AMI was

drawn based on the 2010 Guidelines for the Diagnosis of Myocardial
Infarction [5]: (1) typical clinical symptoms, such as chest pain and
vasovagal response; (2) electrocardiogram (ECG) revealing ischemic
changes, such as ST-segment elevation or new pathological Q waves;
(3) changes in myocardial marker levels, preferably the troponin re-
commended in the latest guidelines.

SAP group: (1) the presence of typical labor angina symptoms,
which can be relieved when rest or orally taking nitrate drugs; (2) the
absence of an increase in myocardial marker levels; (3) ECG has no
obvious change, or has only changes induced by ST-segment depression
and T-wave; (4) stenosis of the coronary artery > 50%, as revealed by
coronary angiography.

Control group: healthy subjects without previous cardiovascular
disease, who underwent a health examination.

2.1.3. Exclusion criteria
Patients who recently had severe diseases, such as thrombotic dis-

eases, surgery, trauma, various acute infections, malignant tumors, al-
lergic diseases, autoimmune diseases, severe liver and kidney dys-
function, heart failure and cerebrovascular accidents, were excluded.

2.2. Research methods

2.2.1. Sample acquisition
Peripheral venous blood samples were collected from patients in the

AMI and SAP groups after the onset of chest pain at the following time
points: at the time of admission (T0), at 6 h after onset (T6), and at 12 h
after onset (T12). Peripheral venous blood samples were also collected
from healthy controls. Blood was sampled using anticoagulant-free
tubes. After centrifugation, the supernatant was obtained and placed
into different epoxy resin (EP) tubes. Then, the samples were stored in a
refrigerator at −80 °C for subsequent evaluation.

2.2.2. Clinical data acquisition
The following hospitalization data of these patients, including their

basic information, were collected: age, gender, admission number,
clinical diagnosis, hypertension, hyperlipidemia, history of diabetes,

and history of smoking. In addition, the expression levels of hs-cTnI
after the onset of chest pain were also obtained at different time points
(T0, T6 and T12).

2.2.3. Detection of miRNA
The current study examined a number of miRNAs from clinical

blood and healthy volunteers. These included miR-208, miR-494, miR-
499 and miR-1303. As a first step, Plasma miRNA were extracted using
miRcute serum/plasma miRNA isolation kit (Tiangen, Beijing, China)
following the manufacturer's instructions and quantified using
NanoDrop ND-1000 spectrophotometer (Nanodrop technologie, DE,
USA). The first-strand cDNA was synthesized using miRcute Plus
miRNA first-strand cDNA kit (Tiangen, Beijing, China). Amplifications
were performed using a miScript SYBR Green PCR kit (Qiagen,
Valencia, CA, USA) and qRT-PCR was run on Applied Biosystems 7500
Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). U6
snRNA was used as an internal standard and the expression levels of
different miRNA were quantitatively analyzed using the 2−ΔΔCT ap-
proach, respectively. Each sample was run in triplicate.

2.2.4. Hs-cTnI detection
High-sensitivity cTnI was assayed from frozen samples of all pa-

tients using the Architect STAT High-Sensitivity Troponin-I assay
(Abbott Laboratories, Abbott Park, Illinois, US) with a limit of detection
of 1.2 ng/L and a 99th percentile in the healthy population of 26.2 ng/
L.

2.3. Statistics analysis

Data were analyzed using statistical software SPSS 17.0.
Measurement data were expressed as mean ± standard deviation
(−x ± SD), the qRT-PCR results were visually presented as a Ct value,
and the level of each miRNA was expressed as relative quantification
(2−ΔΔCt). The expression levels of miRNAs were compared among dif-
ferent time points in the same group using analysis of variance with a
completely randomized design, compared between two groups using
independent sample t-test, and compared among multiple groups using
Chi-square test. The correlation between each miRNA and hs-cTnI was
evaluated using simple linear correlation analysis. P < 0.05 was con-
sidered statistically significant. The receiver operating characteristic
(ROC) curve was used to analyze the value of each miRNA for the early
diagnosis of AMI.

3. Results

3.1. Comparison of basic clinical data among groups

Basic, data such as age, gender, place of residence, history of hy-
pertension, history of hyperlipidemia, history of diabetes mellitus and
history of smoking, were compared between the experimental group
and control group. The differences in age, gender, residence and history
of diabetes mellitus between these two groups were not statistically
significant (P > 0.05), while the differences in history of hypertension,
history of hyperlipidemia and history of smoking between these two
groups were statistically significant (P < 0.05) (Table 1). In order to
exclude the impact of these factors on miRNA, multiple regression
analysis was conducted. The results revealed that miRNAs were not
affected by history of hypertension, history of hyperlipidemia, and
history of smoking (P > 0.05).

3.2. miRNA levels at different time points in various groups.

3.2.1. Expression level

(1) Plasma miR-208, miR-494, miR-499 and miR-1303 levels at all time
points were significantly higher in the AMI group than in the SAP
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group, and the differences were statistically significant (P < 0.05).
(2) Plasma miR-208, miR-494, miR-499 and miR-1303 levels at all time

points were significantly higher in the AMI group than in the
healthy control group (P < 0.05). But, the differences in plasma
miR-208, miR-494, miR-499 and miR-1303 levels at all time points
between the SAP group and healthy control group were not statis-
tically significant (P > 0.05).

(3) The differences in plasma miR-208, miR-494, miR-499 and miR-
1303 levels among all time points were not statistically significant
(P > 0.05, Table 2).

3.3. Dynamic evolution

(1) The rule of changes in miR-208, miR-494 and miR-499 levels in the
AMI group and SAP group: these levels immediately increased at
T0, peaked within 12 h, and began to decrease at T12, but had not
decrease to normal levels (Fig. 1).

(2) The rule of change in miR-1303 level in the AMI group, when
compared to the SAP group: this level immediately increased at T0,
may reach the peak from T6 to T12, and may also reach the peak
after T12 (Fig. 1).

3.4. The correlation between miR-208, miR-494, miR-499 and miR-1303
with hs-cTnI

The correlation analysis results revealed that the following: (1)
there was a positive correlation between miR-208 and hs-cTnI, and the
correlation coefficient was 0.18 (P=0.038); (2) there was a positive
correlation between miR-494 and hs-cTnI, and the correlation coeffi-
cient was 0.223 (P=0.013); (3) there was a positive correlation be-
tween miR-499 and hs-cTnI, and the correlation coefficient was 0.227
(P=0.012); (4) there was a positive correlation between miR-1303 and
hs-cTnI, and the correlation coefficient was 0.23 (P=0.011).

3.5. ROC curve analysis of miR-208, miR-494, miR-499 and miR-1303
with hs-cTnI in AMI in the AMI group when compared to the SAP group.

The ROC analysis results revealed that the following: (1) The AUC of
miR-208 was 0.868 (95% confidence interval [CI]: 0.818–0.917); (2)
the AUC of miR-494 was 0.839 (95% CI: 0.786–0.892); (3) the AUC of
miR-499 was 0.852 (95% CI: 0.802–0.901); (4) the AUC of miR-1303
was 0.884 (95% CI: 0.840–0.929); (5) the AUC of hs-cTnI in AMI was
0.992 (95% CI: 0.979–1.000) (Figs. 2–5).

4. Discussion

miRNAs are small non-coding single-stranded RNAs that regulate
gene expression [13], and regulate the translation and/or degradation
of mRNA in an incomplete complementary base-pairing manner.
miRNAs play a regulatory role in cell differentiation, growth, pro-
liferation and apoptosis, and is involved in the pathophysiological
process of various diseases [2,21]. The first miRNA was discovered in
Caenorhabditis elegans by Lee et al. [15]. With the development of sci-
ence and technology, miRNA has gained increasing attention. The latest
miRNA center database has revealed nearly 2500 miRNAs in the human
genome. In human, at least approximately 30% of proteins are encoded
by miRNA-regulated genes [14]. A latest study proposed that miRNAs
can be detected in circulating blood and urine [27]. These extracellular
miRNAs exist in highly stable forms, and can resist repeated freezing/
thawing, strong acid and strong alkaline environment, and the actions
of RNA enzymes in circulating blood [10,22]. Another study revealed
that the expression of miR-208, miR-494, miR-499 and miR-1303 were
upregulated or downregulated after myocardial infarction, suggesting
that the above-mentioned miRNAs may be new markers for myocardial
infarction. Therefore, in the present study, the levels of the above-
mentioned miRNAs in AMI patients at different time points were de-
tected by qRT-PCR to explore the value of these miRNAs as biomarkers
for early AMI.

In the present study, the plasma miR-208, miR-494, miR-499 and
miR-1303 levels in AMI patients, SAP patients and healthy controls
were detected. The four above-mentioned miRNAs had the same results:
plasma levels at T0, T6 and T12 were significantly higher in AMI pa-
tients than in SAP patients, while in the SAP group, these plasma levels
were not significantly elevated at the different time points, and there
were no significant differences in levels of the above-mentioned
miRNAs at different time points between the SAP group and healthy
control group.

In the present study, changes in the four above-mentioned miRNAs
in the AMI group were observed, and the levels of miR-208, miR-494
and miR-499 were higher in AMI patients than in healthy controls at
T0. These gradually increased from T0 to T6, and decreased at T12, but
remained higher than those in healthy controls. This result has proven
that the peaks appeared before T12, the most significant increase oc-
curred from T0 to T6, and the peaks were likely to appear at around T6.
Furthermore, miR-1303 level was higher in AMI patients than in
healthy controls at T0, which rapidly increased from T0 to T6, and
continued to increase at T12. This suggests that the peak of the miR-

Table 1
Comparison of clinical basic data.

Characteristics AMI group SAP group Control group P value

Age(years)
Male/female(n/n)
Residence(town/village)
Hypertension(%)
Hyperlipidemia(%)
Diabetes(%)
Smoking(%)

62.95 ± 11.04
30/11
13/28

24(58.53%)
26(63.41%)
9(21.95%)
16(39.02%)

63.16 ± 10.63
19/13
15/17

16(50.00%)
11(34.38%)
4(12.50%)
5(15.63%)

59.50 ± 12.87
6/4
3/7

1(10.00%)
5(50%)
0
1

0.639
0.421
0.362

0.023
0.048
0.189
0.036

Table 2
Comparison of miRNAs expression levels (x ± s).

Type Time AMI group(n= 41) SAP group(n= 41) Control
group(n= 10)

miRNA-208

miRNA-
494

miRNA-
499

miRNA-
1303

TOh
T6 h
T12 h
TOh
T6 h
T12 h
TOh
T6 h
T12 h
TOh
T6 h
T12 h

3.71 ± 3.39●※

12.16 ± 1.90●※

8.30 ± 7.76●※

5.13 ± 5.04●※

13.31 ± 12.70●※

8.69 ± 8.91●※

5.14 ± 5.50●※

15.55 ± 16.29●※

11.78 ± 10.33●※

4.22 ± 3.10●※

10.54 ± 9.53●※

12.14 ± 13.74●※

1.07 ± 0.19
1.03 ± 0.59
1.15 ± 0.51
1.22 ± 0.74
1.52 ± 1.41
2.02 ± 5.37
1.19 ± 0.55
1.52 ± 1.46
1.30 ± 1.26
1.30 ± 0.99
1.68 ± 1.93
1.29 ± 1.25

1.00 ± 0.00

1.26 ± 0.81

1.21 ± 0.82

0.82 ± 0.61

●Indicates statistical difference from healthy controls, P < 0.05; ※Indicates
statistically significant differences between the same time window and the SAP
group, P < 0.05.
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1303 level may appear from T6 to T12, or appear after T12.
These are consistent with results of most present studies. miR-208 is

a heart specific miRNA, is encoded within the MHC gene, and is a po-
sitive regulator of the MHC gene expression [28,34]. The mechanisms
of miR-208 may be as follows: after myocardial infarction, miR-208 is
released into peripheral circulating blood from the damaged cardio-
myocytes in the form of microbubbles, and inhibits the expression of
NLK, which is an effective target molecule for cardiomyocyte apoptosis
(an evolutionarily conserved ERK-2/MAPK-like kinase). NLK can not
only promote the apoptosis of cardiomyocytes induced by AngII, but
also promote the proliferation and differentiation of cardiac fibroblasts.
In addition, a study proposed that decreasing miR-208 can increase
cardiomyocyte apoptosis, which mainly affects the reactive oxygen
species (ROS) in cardiomyocytes, and this effect could be achieved
mainly by inhibiting the protein expression of the p21 gene [18]. miR-

494 is a miRNA derived from chromosome 4q32.31 [26]. Wang et al.
[31] revealed that the role of miR-494 is not only to support apoptosis,
but also to resist apoptosis. Its regulatory mechanism is as follows: miR-
494 regulates three pro-apoptotic gene proteins (PTEN, ROCK1 and
CaMKIIδ) and two anti-apoptotic gene proteins (FGFR2 and LIF) by
complementary pairing with the 3′ untranslated region (UTR) of its
mRNA. However, the final result is to activate the Akt pathway, thereby
playing a cardiovascular protective role. MiR-499 is closely correlated
to cardiomyocyte differentiation [1]. MiR-499 is a miRNA encoded by
the intron of myosin gene Myh7b, while the Myh7b protein is almost
independently produced by the heart [9]. Recent studies in China, such
as studies conducted by Han et al. [11] and Zhang et al. [37], have
proposed that the following: the level of miR-499 in circulating blood is
significantly higher in AMI patients than in non-AMI patients and
healthy controls. Xiao et al. [33] revealed that the expression of miR-

Fig. 1. Dynamic evolution of miRNAs in different time after onset of AMI.

Fig. 2. ROC curve analysis of mir-208 and hs-ctni in the experimental group after onset of AMI.
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499 is elevated in the myocardial infarction area of rats with ligation of
the coronary artery (left anterior descending branch). Furthermore,
they found that this was significantly decreased in the non-infarction
area, and significantly decreased in the sham operation group. This
suggests that miR-499 may be released from damaged cardiomyocytes
into the blood circulation after ligation. The mechanism may be as
follows: miR-499 protects the myocardium by inhibiting the expression
of Pdcd4 and PACS2, thereby inhibiting cardiomyocyte apoptosis [30].
At present, there are few studies on miR-1303 in China. Chaud et al. [4]
revealed that the expression of miR-1303 was downregulated after
cardiomyocyte apoptosis. However, this is not consistent with the re-
sults of the present study. Furthermore, there are few studies on the
detection of miR-1303 after myocardial infarction. Differences in the
results of different studies may be due to the differences in detection

methods, selected primers, external control genes, or sample quality.
Hence, the specific mechanism of miR-1303 in the pathogenesis of AMI
needs to be further studied.

In the present study, the correlation analysis results revealed that
the four above-mentioned miRNAs were positively correlated with
traditional cardiac marker hs-cTnI, but the correlation coefficients were
small. This suggests that these were not completely overlapped with hs-
cTnI in terms of diagnostic information, and that these contain diag-
nostic information other than hs-cTnI, which needs further exploration.
The ROC curve analysis and comparison revealed that all four miRNAs
and hs-cTnI have great diagnostic value for AMI in patients with typical
chest pain. However, hs-cTnI had the highest accuracy rate, and its
diagnostic value was better than the four above miRNAs. But, some
studies have revealed that hs-cTnI is influenced by renal function.

Fig. 3. ROC curve analysis of mir-494 and hs-ctni in the experimental group after onset of AMI.

Fig. 4. ROC curve analysis of mir-499 and hs-ctni in the experimental group after onset of AMI.
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Collinson et al. pointed out that [6,12] hs-cTnI was significantly in-
creased in patients with end-stage nephropathy. In addition, Corsten
et al. [7] pointed out that the expression of miR-208 and miR-499 in
AMI patients were not influenced by renal function. Therefore, under
some specific situations, such as chest pain, for patients with renal
dysfunction, the diagnostic efficiency of miRNAs was higher than that
of hs-cTnI.

Our studies have several limitations. First, the sample size of control
group was small. In this study, we mainly wanted to prove the diag-
nostic value of four miRNAs in people with typical chest pain. The
blood samples of healthy volunteers were just used as blank samples in
order to exclude the influence of venipuncture and other environmental
factors on expression of miRNAs, and provide a baseline to make the
results more intuitive. Although we did not draw our conclusions from
comparisons between AMI patients and healthy volunteers, the samples
size of control group was also one of the limitations of the study.
Second, the miRNA detection was prospective and double-blinded in
our study, while hs-cTnI is not blinded to the clinicians. This would be
influenced by subjective factors to a great extent, causing a false in-
crease in the diagnostic accuracy of hs-cTnI, to a certain extent.

In summary, based on the results of the present study and related
studies at home and abroad, it was revealed that plasma miR-208, miR-
494, miR-499 and miR-1303 levels at all time points were significantly
higher in AMI patients than in non-AMI patients, and these have a
certain correlation with hs-cTnI. Furthermore, it was found that the
above miRNAs are effective for diagnosing AMI, but are not superior to
hs-cTnI. The order of diagnostic efficiency from highest to lowest was as
follows: miR-1303, miR-208, miR-499, and miR-494. Hence, miR-1303
has the highest diagnostic efficiency. There are few studies on miR-
1303. At present, the specific mechanism of miRNA-1303 in AMI re-
mains unclear. Li et al. [16] revealed that miR-1303 was highly ex-
pressed in neuroblastoma, and can promote the proliferation of neu-
roblastoma cells. However, its specificity needs to be further explored.
The AUC of miR-208 was merely second to that of miRNA-1303, but the
sensitivity and specificity are relatively high. At present, a large number
of studies have revealed that this was highly expressed in myocardial
tissues. In addition, the results of a large number of studies at home and
abroad are consistent with the results of the present study, and the
sample size was adequately large. miRNA-1303 is expected to become a
new cardiac marker for clinical application.

5. Conclusion

miR-208, miR-494, miR-499 and miR-1303 were highly expressed
in AMI and correlated with hs-cTnI to some extent. In patients with
typical chest pain, miR-208 had the highest myocardial specificity and
high efficacy to diagnose AMI, but the diagnostic efficacy was not su-
perior to that of the traditional hs-cTnI.

References

[1] T. Adachi, M. Nakanishi, Y. Otsuka, Plasma microRNA 499 as a biomarker of acute
myocardial infarction, Clin. Chem. 56 (2010) 1183–1185.

[2] V. Ambros, The functions of animal microRNAs, Nature 431 (2004) 350–355.
[3] S. Bialek, D. Gorko, A. Zajkowska, Ł. Kołtowski, M. Grabowski, A. Stachurska,

J. Kochman, G. Sygitowicz, M. Małecki, G. Opolski, D. Sitkiewicz, Release kinetics
of circulating miRNA-208a in the early phase of myocardial infarction, Kardiol. Pol.
73 (2015) 613–619.

[4] U. Chaudhari, H. Nemade, J.A. Gaspar, J. Hescheler, A. Sachinidis, MicroRNAs as
early toxicity signatures of doxorubicin in human-induced pluripotent stem cell-
derived cardiomyocytes, Arch. Toxicol. 90 (2016) 3087–3098.

[5] Chinese Society of Cardiology, Guidelines for diagnosis and treatmentof ST-segment
elevation myocardial infarction, Chin. J. Cardiol. 38 (2010) 675–690.

[6] P. Collinson, L. Hadcocks, Y. Foo, Cardia troponins in patients with renal dys-
fhnction, Ann. Clin. Biochem. 5 (1998) 380–386.

[7] M.F. Corsten, R. Dennert, S. Jochems, T. Kuznetsova, Y. Devaux, L. Hofstra,
D.R. Wagner, J.A. Staessen, S. Heymans, B. Schroen, Circulating MicroRNA-208b
and MicroRNA-499 reflect myocardial damage in cardiovascular disease, Circ.
Cardiovasc. Genet. 3 (2010) 499–506.

[8] Y. D'Alessandra, P. Devanna, F. Limana, et al., Circulating microRNAs are new and
sensitive biomarkers of myocardial infarction, Eur. Heart J. 31 (2010) 2765–2773.

[9] S. Fichtlscherer, S. De Rosa, H. Fox, T. Schwietz, A. Fischer, C. Liebetrau, M. Weber,
C.W. Hamm, T. Röxe, M. Müller-Ardogan, A. Bonauer, A.M. Zeiher, S. Dimmeler,
Circulating microRNAs parients in with coronary artery disease, Circ. Res. 107
(2010) 677–684.

[10] Gilad S, Meiri E, Yogev Y, Benjamin S, Lebanony D, Yerushalmi N, Benjamin H,
Kushnir M, Cholakh H, Melamed N, etc. (2008). Serum microRNAs are promising
novel biomarkers. PLoS One. 3: e3148.

[11] Z.J. Han, W.Q. Shi, H.Y. Shen, Diagnostic performance of plasma miR-499 for acute
myocardial infarction, Chin. J. Lab. Med. 36 (2012) 1096–1099.

[12] N.A. Khan, B.R. HenlHlelgarn, M. Tonelli, C.R. Thompson, A. Levin, Prognostic
value of troponin T an I among asymptomatic paticnts with end—stage renal dis-
ease: a meta—analysis, Circulafion 112 (2005) 3088–3096.

[13] I.A. Koroleva, M.S. Nazarenko, A.N. Kucher, Role of microRNA in development of
instability of atherosclerotic plaques, Biochemistry (Mosc) 82 (2017) 1380–1390.

[14] A. Kozomara, S. Griffiths-Jones, miRBase: integrating microRNA annotation and
deep-sequencing data, Nucleic Acids Res. 39 (2011) D152–D157.

[15] R.C. Lee, R.L. Feinbaum, The C elegans heterochronic gene lin-4 encodes small
RNAs with antisense complementarity to lin-14, Cell 75 (1993) 843–854.

[16] Z. Li, Z. Xu, Q. Xie, W. Gao, J. Xie, L. Zhou, MiR-1303 promotes the proliferation of

Fig. 5. ROC curve analysis of mir-1303 and hs-ctni in the experimental group after onset of AMI.

P. Li, et al. Life Sciences 232 (2019) 116547

6

http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0005
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0005
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0010
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0015
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0015
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0015
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0015
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf1010
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf1010
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf1010
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0025
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0025
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0030
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0030
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0035
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0035
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0035
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0035
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0040
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0040
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0045
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0045
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0045
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0045
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0050
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0050
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0055
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0055
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0055
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0060
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0060
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0065
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0065
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0070
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0070
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0075


neuroblastoma cell SH-SY5Y by targeting GSK3β and SFRP1, Biomed.
Pharmacother. 83 (2016) 508–513.

[17] B. Liu, H. Yang, L. Taher, A. Denz, R. Grützmann, C. Pilarsky, G.F. Weber,
Identification of prognostic biomarkers by combined mRNA and miRNA expression
microarray analysis in pancreatic cancer, Transl. Oncol. 11 (2018) 700–714.

[18] C. Liu, H. Zheng, L. Xie, Decreased miR-208 induced ischemia myocardial and re-
perfusion injury by targeting p21, Pharmazie 71 (2016) 719–723.

[19] X. Liu, Z. Fan, T. Zhao, W. Cao, L. Zhang, H. Li, Q. Xie, Y. Tian, B. Wang, Plasma
miR-1, miR-208, miR-499 as potential predictive biomarkers for acute myocardial
infarction: an independent study of Han population, Exp. Gerontol. 72 (2015)
230–238.

[20] F. Lombardi, H. Huikuri, G. Schmidt, M. Malik, The decline of rate and mortality of
acute myocardial infarction. Almost there, still a long way to go, Eur. J. Prev.
Cardiol. 25 (2018) 1028–1030.

[21] J.M. Miano, X. Long, The short and long of noncoding se-quences in the control of
vascular cell phenotypes, Cell. Mol. Life Sci. 72 (2015) 3457–3488.

[22] P.S. Mitchell, R.K. Parkin, E.M. Kroh, B.R. Fritz, S.K. Wyman, E.L. Pogosova-
Agadjanyan, A. Peterson, J. Noteboom, K.C. O'Briant, A. Allen, D.W. Lin, N. Urban,
C.W. Drescher, B.S. Knudsen, et al., Circulating microRNAs as stable blood-based
markers for cancer detection, Proc. Natl. Acad. Sci. U. S. A. 105 (2008)
10513–10518.

[23] J.T. Neumann, S. Blankenberg, D. Westermann, Be more sensitive, please - using
cardiac troponin assays for diagnosing AMI, Heart 102 (2016) 1251–1252.

[25] H. Ozdogan, B. Gur Dedeoglu, Y. Oztemur Islakoglu, A. Aydos, S. Kose, A. Atalay,
Z.A. Yegin, F. Avcu, D. Uckan Cetinkaya, O. Ilhan, DICER1 gene and miRNA dys-
regulation in mesenchymal stem cells of patients with myelodysplastic syndrome
and acute myeloblastic leukemia, Leuk. Res. 63 (2017) 62–71.

[26] G. Romano, M. Acunzo, M. Garofalo, G. Di Leva, L. Cascione, C. Zanca, B. Bolon,
G. Condorelli, C.M. Croce, MiR-494 is regulated by ERK1/2 and modulates TRAIL-
induced apoptosis in non-small-cell lung cancer through BIM down-regulation,
Proc. Natl. Acad. Sci. U. S. A. 109 (2012) 16570–16575.

[27] A. Turchinovich, L. Weiz, A. Langheinz, B. Burwinkel, Characterization of extra-
cellular circulating microRNA, Nucleic Acids Res. 39 (2011) 7223–7233.

[28] E. van Rooij, L.B. Sutherland, X. Qi, J.A. Richardson, J. Hill, E.N. Olson, Control of
stress-dependent cardiac growth and gene expression by a MicroRNA, Science 316
(2007) 575–579.

[29] C. Wang, Q. Jing, Non-coding RNAs as biomarkers for acute myocardial infarction,
Acta Pharmacol. Sin. 39 (2018) 1110–1119.

[30] J. Wang, Z. Jia, C. Zhang, M. Sun, W. Wang, P. Chen, K. Ma, Y. Zhang, X. Li,
C. Zhou, miR-499 protects cardiomyocytes from H 2O 2-induced apoptosis via its

effects on Pdcd4 and Pacs2, RNA Biol. 11 (2014) 339–350.
[31] X. Wang, X. Zhang, X.P. Ren, J. Chen, H. Liu, J. Yang, M. Medvedovic, Z. Hu,

G.C. Fan, MicroRNA-494 targeting both proapoptotic and antiapoptotic proteins
protects against ischemia/reperfusion-induced cardiac injury, Circulation 122
(2010) 1308–1318.

[32] A. Wezel, S.M. elten, W. azawy, H.M. Lagraauw, M.R. de Vries, E.A. Goossens,
M.C. Boonstra, J.F. Hamming, E.R. Kandimalla, J. Kuiper, P.H. Quax, A.Y. Nossent,
I. Bot, Inhibition of microRNA-494 reduces carotid artery atherosclerotic lesion
development and increases plaque stability, Ann. Surg. 262 (2015) 841–847.

[33] J. Xiao, B. Shen, J. Li, D. Lv, Y. Zhao, F. Wang, J. Xu, Serum microRNA-499 and
microRNA-208a as biomarkers of acute myocardial infarction, Int. J. Clin. Exp.
Med. 7 (2014) 136–141.

[34] W. Yang, G.M. Zhang, Effect of miR-208a in heart disease, Guangdong Med. J. 35
(2014) 3281–3283.

[35] A. Zampetaki, P. Willeit, L. Tilling, et al., Prospective study on circulating
MicroRNAs and risk of myocardial infarction, J. Am. Coll. Cardiol. 60 (2012)
290–299.

[36] L. Zhan, F.A. Masoudi, X. Li, S. Hu, A.K. Venkatesh, J.A. Spertus, Z. Lin, N.R. Desai,
J. Li, H.M. Krumholz, Trends in cardiac biomarker testing in China for patients with
acute myocardialinfarction, 2001 to 2011: China PEACE-retrospective AMI study,
PLoS One 10 (2015) e0122237.

[37] L.Z. Zhang, X. Chen, Y. Xh, Relativity between plasmamir-499 and the early diag-
nosis in acutemy ocardiali nfarction, J. Clin. Cardiol. 31 (2015) 395–399.

Abbreviations

AMI: Acute myocardial infarction
SAP: stable angina pectoris
hs-cTnI: High-sensitive cardiac troponin I
miR: microRNA
PCR: polymerase chain reaction
RT-PCR: reverse transcription-polymerase chain reaction
ELISA: enzyme-linked immuno sorbent assay
cDNA: complementary DNA
CK-MB: Creatine kinase MB
Myo: myohemoglobin
cTnT: cardiac troponin T
cTnI: cardiac troponin I

P. Li, et al. Life Sciences 232 (2019) 116547

7

http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0075
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0075
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0080
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0080
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0080
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0085
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0085
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0090
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0090
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0090
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0090
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0095
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0095
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0095
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0100
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0100
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0105
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0105
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0105
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0105
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0105
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0110
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0110
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0120
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0120
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0120
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0120
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0125
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0125
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0125
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0125
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0130
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0130
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0135
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0135
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0135
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0140
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0140
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0145
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0145
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0145
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0150
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0150
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0150
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0150
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0155
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0155
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0155
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0155
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0160
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0160
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0160
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0165
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0165
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0170
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0170
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0170
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0175
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0175
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0175
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0175
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0180
http://refhub.elsevier.com/S0024-3205(19)30473-4/rf0180

	Value of the expression of miR-208, miR-494, miR-499 and miR-1303 in early diagnosis of acute myocardial infarction
	Introduction
	Subjects and methods
	Subjects
	Patients source
	Inclusion criteria
	Exclusion criteria

	Research methods
	Sample acquisition
	Clinical data acquisition
	Detection of miRNA
	Hs-cTnI detection

	Statistics analysis

	Results
	Comparison of basic clinical data among groups
	miRNA levels at different time points in various groups.
	Expression level

	Dynamic evolution
	The correlation between miR-208, miR-494, miR-499 and miR-1303 with hs-cTnI
	ROC curve analysis of miR-208, miR-494, miR-499 and miR-1303 with hs-cTnI in AMI in the AMI group when compared to the SAP group.

	Discussion
	Conclusion
	References
	Abbreviations




